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Royal Whitman (1857-1946)

SamukL KLEINBERG, M.D.

At my request, the following biography of
Royal Whitman was wntten by his long-time
assoeinte, Samuel Kicinbesg, It was completed
6 weeks hefore tus death in 1957; therefore, it
1s Samuel Klanberg's last contribution to the
literature of orthopacdic surgery. This biogra-
phy has been held for a suitable number of
Chinical Orthopacdics. It is not often recalled
that besides his well-hnown work on the hip
joint, Whitman was an ardent pioneer in the
study of foot deformuties.

EpGAR M. Bick

Dr. Royal Whitman was born in Maine
in 1857. He was graduated from Harvard
Medical School in 1882 and for a number
of years practiced in Boston. However, the
atmosphere of his hospital affiliation appar-
ently was not congemal, and in 1889 he
moved to New York and began his ortho-
paedic work at the Hospital for Ruptured
and Crippled under the leadership of Dr.
Virgil P. Gibney, a pioneer 1 orthopaedic
surgery and professor of orthopaedics at the
College of Physicians and Surgeons, Colum-
bia University Dr, Whitman remained at
the Hospital for Ruptured and Crippled for
40 years—until 1929—swhen he retired and
moved to England. In 1943, after the death
of lis wife, he returned to the United States
and made his home with Mrs. Mollie Whit-
man, his son’s first wife.

It has been said that the progress made in
medicine during the first half of the present
century was the greatest of any similar
period. Many physicians contributed to this
advance, each in bis particwlar fiedd, In
orthopaedic surgery during the last decade
of the 19th century and the first quarter of
the present century, Dr. Royal Whitman

played a vital and aggressive role. He was
onc of a small group of physicians in our
country who devcloped and  established
orthopacdic surgery as an important surgical
specialty. Royal Whitman, himsclf, did
much to advance the art and science of
orthopaedic surgery, to discard the buckle
and strap and to replace expectant treatment
with corrective surgery. This change in the
attitude of physicians was fostered by the
organization, in 1887, of thc American
Orthopaedic  Association, many of whose
members were progressive and practiced and
preached newer technics of treatment, espe-
cially surgical.

Royal Whitman was essentially a clini-
cian. The patient and the outpatient services
and the operating room were his workshop.
He did not underrate, although he himself
did not incline to, laboratory research as
we understand it today. Yet, when Dr.
Zemansky and Dr. Lippmann proposed the
study of Legg-Perthes disease by animal ex-
periment, Dr. Whitman gave them enthusi-
astic support.

Dr. Whitman’s interests lay primarily in
the gross and the clinically manifest  de-
rangements at the root of his patient’s
disability and what should be done to
remedy them. His research dealt with the
practical needs of his patient. Hence, uni-
formly, his first query in relation to any
malady or disability was, “How does it dis-
turb the individual?” This attitude led him
10 a close analysis of various deformities——
the altered anatomy, mechanics and physiol-
ogy—and the most direct measures for cor-
recting them and improving function, Im-
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proved function was the ultimate goal in all
therapy. In a letter to me, dated December
20, 1937, Dr. Whitman stated, “I might
characterize myself as a perennial student of
functional disability and of the mdst effec~
tive means of reducing it.”
One of the earliest problems with which
Dr! Whitman concerned himself was frac-
ture of the neck of the femur. Prior to his
time the treatment of this was desultory and
ineffective, actually expectant, with death
from an intercurrent infection or pneumonia
not far away. In his study of this subject
he concluded that the primary requirement
was proper alignment and contacting of the
fragments and adequate immobilization. He
devised.the “abduction treatment,” whereby
the fragments were brought into intimate
contact and were retained by the application
of a 16ng plaster of Paris spica jacket. This
method of treatment created for the patient
“the opportunity for repair.” He wrote and
spoke frequently on this subject at local and
national meetings, and succeeded in renew-
ing the interest of the profession in the man-
agement of fractured hips. He transformed
existing therapeutic apathy into a program
of active treatment of a fractured hip that
held the prospect of saving life and limb.
We all know what a stimulus Dr. Whitman’s
“abduction treatment” was to orthopaedic
surgeons and how many who succeeded him
have modified and improved the technic and
the results of treatment of fractured hips.
But to Royal Whitman belongs the credit
for rousing the profession from lethargy and
pessimism in the treatment of fractured hips.
Dr. Whitman’s first article on fractured hips
was wrtten in 1890 and his last in 1942.*
Another subject that interested Dr. Whit-
man early in his career was flat feet or, as
he preferred to call the condition, weak feet.
His studies of the anatomy of the foot and
the leg, the mechanics of the ankle and the
foot, and the postural disturbance, both in
the resting stage and in walking, constitute a

* The Medical Press Circular, Vol. 208, No 5397,
Oct. 14, 1942,

classic. They led him to devise a positive
system of correction that included the triad
of corrective exercises, appropriate shoes
and a corrective foot brace popularly but
incorrectly called an arch support. In a
letter that Dr. Whitman wrote me, dated
December 10, 1937, he stated his belief that
his most important contribution was his
study of the weak foot begun about 50 years
ago. He emphasized that “the weak foot is
essentially an improper posture that may be
cured by normal activity if the proper rela-
tion of the foot and leg is assured.”

Dr. Whitman took a particular interest in
the postural and the mechanical complicat-
ing sequelae of poliomyelitis and performed
many of the well-known operations of mus-
cle and tendon transplantation, tenodesis,
tenotomy and so forth. During the first
quarter of this century, his clinic was one of
the largest and his service probably the most
active surgically of any in our country, He
was specially interested in postpoliomyelitic
calcaneus, for which he devised the well-
known operation of astragalectomy and
backward displacement of the foot. The
primary mechanical defect in paralytic cal-
caneus was the abnormal dorsal flexion ot
the foot during weight-bearing, This was
corrected completely by his operation,
which, incidentally, resulted in a symmetric,
good-looking foot and a stable ankle. The
American Orthopaedic Association selected
a committee to study the effects of the vari-
ous operations used for stabilizing a para-
lyzed ankle. This committee traveled to
many clinics to observe and concluded that
the Whitman operation was the most effec-
tive. This operation was performed many
times at the old Hospital for Ruptured and
Crippled by Whitman and his associates and
residents, and was continued by all these
men. The techmc 1s simple and easily
learned. But Whitman’s sarcasm discour-
aged most surgeons except those in his own
orbit from learning the technic and doing
this most effective operation. In my visit to
a very large orthopaedic clinic i 1954, 1
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found that the men there never had per-
formed a Whitman astragalectomy.

The disability at the hip that resulted from
osteoarthritis from whatever cause and old
ununited fractures of the femoral nock was
a subject to which Dr. Whitman also flc-
voted himself. He devised a reconstruction
operation that was relatively simple to per-
form and gave excellent stability. This op-
eration—the Whitman reconstruction opera-
tion—still is used when the chicf objective
is stability.

During the carly decades of this century,
manipulative treatment formed an important
part of the orthopaedic surgeon’s armamen-
tarium. The treatment of club feet was by
the use of repeated manipulation and plaster
of Paris boots. Although Dr. Whitman was
of slender build—I doubt if he weighed
more than 125 pounds—he had hands of
remarkable strength, He used them so dex-
terously that there were few, even old, club
feet that did not give way to his stretching.
The same was true of rigid flat feet. It was
not sheer strength that overcame the resist-
ance of the tissues but well-applied and
acgurately directed pressure and counter-
pressure. In the use of retentive plaster of
Paris dressings Dr. Whitman was an artist.
The requisites were adequate smoothly
applied sheet cotton followed by a flannel
bandage that outlined the parts in the cor-
rected position and then by nicely applied
plaster of Paris bandages. A Ioot had to
look like a foot and not a hoof.

His meticulous technic was nowhere better
demonstrated than in his surgery. An opera-
tion was executed carefully and expedi-
tiously. His knowledge of anatomy was
excellent, and he planned his surgical ap-
proaches carefully so that the tissues did
not suffer undue trauma. As a result, he
rarely had an infection in a clean case. He
disliked complicated and prolonged pro-
cedures, and, when needed, favored a mul-
tiple-stage operation. In the early part of
the present century, when the art of anes-
thesia was not as well developed as it is now,

DR. RovAL WHITMAN

speed in surgery was imperative. All Whit-
man’s associates strove to match his care
and his dexterity. At one time I announced
to him that I had reduced a fractured hip
and immobilized the limb in 1332 minutes,
which actually was the record up to that
time. Dr. Whitman said nothing; praise did
not come easily to him. If a man did some-
thing especially well, he deserved no com-
mendation; it was expected of him. Several
days later Dr. Whitman came down from
the operating room and told me that he had
just reduced 2 fractured hip and completed
immobilization in 12 minutes.

I have always felt that in surgery Royal
Whitman was a pathfinder. He realized the
importance and the value of trying out new
methods and procedures, and did so fre-
quently. And in the results of these experi-
ments, as well as in all his work, he was
his own severest critic,

Dr. Whitman believed in the unity of the
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outdaor and the indoor services  Therefore,
not anly did he mahe systemati and regular
rounds of the wards, but he vtended the
outpatient elinic, where he ¢vwnned many
new patients and could alu: ohwene the
resulls in those who had undir. wne opera-
tive and nonoperative treatm . In this
regard he was 2 hard tnhmaser, He de-
manded of his associates the ame strict
attendance and attention to dutarl that he
practiced himself. He could not. and did
not, countenance lax conduct wn tne practice
of orthopaedic surgery.

As a teacher he was very cffective but
sometimes exasperating, because he was
cynical and sarcastic, especially when he
found an assistant to be uninformed. Dr.
Whitman read a great deal and had a thor-
ough knowledge not only of the English but
a‘lso of the German and the French medical
literature, and he expected those about him
to be cqually well informed. In this regard
his outdoor clinics on Tuesday, Thut;d;\y
and Saturday afternoons were very profit-
:‘lektala:l the stafl members, because during
E in i It
arioy o;:ﬁ’;q:;d;«c/oslgg‘ discuss a great

’ % jects and dispense
:mch va‘luah]c. information. He was sar-
c;‘}:;;'wiihmvcnsx;so ra:d critical of other
and had been waumey | as dnot 100 sensitive
cnjoy Mis vis 1n advance, he would

L Sit and often fearn much; other-
v\;;;c, sometimes he was offended, Yet, Dr.

. im, He had onl

desire, and that was 1o furth ooy
to teach it, 10 stimalate ;r orthopacics,
but his method wag n;)t ‘0! e g i
. Dr. Whitman was ou: W:;(ys ﬂ-w h'appic.st.
1on of others ang their “[:s ‘fn Ny h.ls 0?"‘-
Teverenee bt not fricndsh“ * He inspired
his own sever h’P' Since he was
» Nt was never con-

st eritie,
¢ onini
PInion of others g regards

cerned with th
his work, Yot he was v, d
proud

of his membersiyp ;

of his hon i
m the Royal College of Sug:;r{sfel;;‘z\:vslhlg
X 1a

also been elected an honoray fellos i
Royal Medical Society and aa asseiz¢
the French Academy of Surgery.

Dr. Whitman had a superb commesdd
the English language, but he sas sl
10 address bip audiences, At medal =2
ings hie panticipated hiberally in e L
sions and selated his expencnces e ¥
contributed 3 great deal to the htmrﬁf
orthopacdics, but his greatest ot
was his textbook on orthopasdss. =
went through 14 cditions and wxs am‘f
piece of information, T was C(CM{\%’Q
and adequately iustrated. Dr- \ {;
cmployed the shorest phrase :fndﬁ!- ;Ir g
words possible to describe his f‘] 3
thoughts. He eschewed big v:onla, 0“:._;
tences and, especially, foreidt ﬂg““
when English sufficed. In the u&tL
English language he w3 a.P”"gm
instance, the word cast \\Nd‘s o
mold, or impression, Was :\N)e !
that sense and not as it has bf;:r;l;d};l
to apply it, to any plastef of oy
This is an cxample of the care

chose his words.

e Ofl Dr. Whitman’s social tfe 2nd bg‘

like his other associates, haew ¥ D
was a reserved man, even at SO(C*;’Ted -
te read a great deal. He p\‘CE‘ o po
to riding: he always wathed i\me .
pace; he never hurried. He 5@ e g
tire. He was an expert gnlfcl.v "
his life: his rounds began 8t §: s 1
woe betide the assistant ¥70 ‘e "
time; he would get thc.s?“fgem’n
tonguc, The outdoor clinic ;ur p
pa, and we could have sc:f e
by his entrance. At 3:99 P-*D';. i
termination of the elinic g
would leave, even if it fmeant €BEES
versation abruptly. . o

Such is m)'Prc)::ollectlo{l ";R‘:zh‘
man, the most accomplisi g
surgeon of his day in 0UF 603 g
teacher, an expert surgeon, e
example to his associates ;‘“w ¢
to orthopacdic surgery a°
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The Skeletal Development of the Foot*

RoNaN O'RamiLLy, M.D., ERNEST GARDNER, M.D., AND
D. J. GrAY, Pu.D.§

INITIAL DEVELOPMENT OF
THE LOWER LIMB

As has been cxplained in a previous
issue,®* the embryonic period proper, ac-
cording to the usage adopted at the Depart-
ment of Embryology, Carnegic Institution
of Washington, comprises the first 7 post-
ovulatory wecks. Furthermore, this period
has been divided into 23 stages.

The limbs first appear as minute buds in
embryos of 4 postovulatory weeks. The
lower limb buds, which appear very slightly
later than the upper, are scen in embryos of
about 3 to 6 mm. in length (Stage 13).
Each limb bud elongates and develops in
proximodistal sequence; e.g, the thigh ap-
pears before the foot. The latter is first seen
at 4%2 weeks (Stage 15). The skeleton (in
the form of cartilage) and the muscles
become visible within a few days, and,
shortly afterward, the toes can be observed
(Stages 18-19). The changing configura-
tion of the developing limbs has been studied
m considerable detail 1?24

An ectodermal thickening appears on the
ventral aspect of the lower limb bud almost
as soon (Stage 13) as the bud is visible 2* A
few days later (Stage 15), the lateral part

* The embryologic work of the authors has been
supported by Research Grants A-532 and A-1644
from the National Institute of Arthritis and Meta-
bolic Diseases of the National Institutes of Health,
US Pubhc Health Service.

+ Departments of Anatomy, Wayne State Uni-
versity College of Medicine, Detrot, Mich., and

glalnfiord University School of Medicine, Stanford,
ahif,

of this thickening forms an cctodermal ridge
that disappears within a week (Stage 19).
The ridge is a site of great metabolic activ-
ity, as judged by histochemical examination.
The importance of this ridge has been estab-
lished experimentally in the casc of the chick
embryo. The mesoderm at the apex of the
fimb bud progressively lays down the future
limb companents in proximodistal sequence
and in their future spatial pattern; this proc-
ess is dependent on the ectodermal ridge.
The ectodermal ridge is significant in mam-
mals also. These conclusions are important
in the elucidation of many developmental
anomalies of the limbs.*!

The skeletal clements of the limbs are
seen first as mesodermal condensations,
which soon chondrify in a definite order.®

Ossification, in the form of a periosteal
collar in tubular bones, occurs subsequently.
In the femur and the tibia, and sometimes in
the fibula, ossification commences during the
embtyonic period proper. Vascular invasion
of these skeletal elements by one or more
periosteal buds and the establishment of
centers of endochondral ossification take
place during the fetal period. Vascular inva-
sion of the tarsals occurs during the fetal
period, whereas endochondral ossification
does not begin in some tarsals until after
birth.

The various features in the embryonic
development of the lower limb are sum-
marized in Table 1. Some of the details of

the chondrification and the ossification will
now be presented.
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that disappears within a week (Stage 19).
The ridge is a site of great metabolic ac.liv-
ity, as judged by histochemical examination.
The importance of this ridge has been estab-
lished experimentally in the case of the chick
embryo. The mesoderm at the apex of the
limb bud progressively lays down the future
Jimb components in proximodistal sequence
and in their future spatial pattern; this proc-
ess is dependent on the cctodermal ridge.
The ectodermal ridge is significant in mam-
mals also. These conclusions arc important
in the clucidation of many developmental
anomalies of the limbs.”

The skeletal clements of the limbs are
seen first as mesodermal condensations,
which soon chondrify in a definite order.”®

Ossification, in the form of a periosteal
collar in tubular bones, occurs subsequently.
In the femur and the tibia, and sometimes in
the fibula, ossification commences during the
embryonic period proper. Vascular invasion
of these skeletal elements by one or more
periosteal buds and the establishment of
centers of endochondral ossification take
place during the fetal period. Vascular inva-
sion of the tarsals occurs during the fetal
period, whereas endochondral ossification
does not begin in some tarsals until after
birth.

The various features in the embryonic
development of the lower limb are sum-
marized in Table 1. Some of the details of
the chondrification and the ossification will
now be presented.
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TABLE 1. EARLY DEVELOPMENT OF LOWER LIMB

FEATURE STAGE Mm. Pos:e/\:;z;(:mw AUTHORS

Lower limb bud 13 3.0-60 4 Streeter (1945)
Foot plate ...... 15 60-11.0 4Y%  Streeter (1948)
Ectodermal ridge 15-18 6.0-18 0 4%2-5 O'Rahilly, Gardner and Gray (1956)
Mesenchymal hip bone .. 16 9 5 Bardeen (1905)
Mesenchymal femur, tibia,

fibula .............0 17 8.6-14.5 5  O'Rahilly, Gray and Gardner (1957)
Mesenchymal foot ...... 17-18 8.6-180 5  O'Rahilly, Gray and Gardner (1957)
Chondrifying femur, tibia,

fibula .............. 17-18 8.6-18.0 5  O'Rahilly, Gray and Gardner (1957)
Chondrifying hip bone .. 18 12 5 Bardeen (1905)
Chondnfying foot ... 18-234  11.7-32.2 5-7 O'Rahilly, Gray and Gardner (1957)
Mesenchymal patelia . 20 18.5-25.0 6 O'Rahilly, Gray and Gardner (1957)
Chondrifying patella .... 21 19.0-26.4 6 O'Rahilly, Gray and Gardner (1957)
Ossifying femur, tibia ... 22-23  23.0-32.2  6%-7 O'Rahilly, Gray and Gardner (1957)
Cavitation m hip ....... ? 28 7  Gardner and Gray (1950)
Cavitation in knee . . ? 30 7 Gray and Gardner (1950)
Cavitation in ankle . ? 30 7  Gardner, Gray and O'Rahully (1959)
Ossifying fibula .... ? 29-35 7  Noback and Robertson (1951)
Cavitation in foot ...... ? 30-7 7-? Gardner, Gray and O'Rahilly (1959)

PHASE OF CHONDRIFICATION
IN THE FOOT

The tarsus can first be disunguished as
condensed mesenchyme at 5 postovulatory
weeks of age (Stages 17-18). Within a few
days (Stages 18-19), the individual tarsals
begin to chondrify in a definite sequence.

The metatarsals begin to chondrify at the
same time, 5 weeks (Stages 18-19), as the
tarsals During the next week (Stages 20-
23}, the 3 rows of phalanges commence to
chondrify in proximodistal sequence.?

A large number of accessory skeletal ele-
ments have been described for the foot.*
Some of these have been observed in a car-
tilaginous state in embryos and fetuses, and
some may develop independent ossific cen-
ters in postnatal hfe. We have scen an os
intermetatarsale (45 mm C.R.) and an os
paracuneiforme (122 mm. C.R ) in fetuses.
1t is generally agreed that the incidence of
accessoria in the adult 1s considerably higher
in the tarsus than in the carpus.

The best-known example of bipartition in
the tarsus is that of the inedial cuneiform.?
An example in an embryo (18 mm ) has
been observed by us.

So-called fusions—e.g., talocalcanean and
calcaneonavicular—are of considerable clini-
cal interest. Instances of the former have
been found in an embryo (28 mm. C.R.)
and in fetuses (e.g., at 73 mm, C.R.), and
the latter condrtion has been seen in fetuses
by us.

Symphalangia, or so-called fusion between
phalanges, is found frequently in adults in
the fifth toe between the middle and the
distal phalanges.?3#3* This condition is
observed in about half of all fetuses from
10 menstrual weeks onward.”

The digital sesamoids first appear duting
intra-uterine life, slightly later than the other
(“canonical”) skeletal elements. Sometimes
those of the foot may begin to chondrify as
early as 7 weeks, and their distribution and
frequency resemble closely those of the
adult.”

The initial phase in the development of
the synovial joints—i.e, the formation of
“interzones” between the various skeletal
elements—takes place during the last week
of the embryonic period proper (Fig. 1).7
The lower end of the fibula is very closely
related to the calcaneus during the seventh
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Fic. 1. Horizontal section of lcft foot
of an embryo aged 7 postovulatory weeks
(28 mm, C.R,, No. 1465). Portions of
the medial malleolus, the talus and the
cuboid are visible in the lower part of the
photomicrograph. Parts of the navicular,
the cuboid, the three cuneiforms and the
second to the fifth metatarsals can be
identified.

week (Stages 20-23). Cavitation commences
m most joints of the foot during the first 2
weeks of the fetal period (Fig. 2).

It should be emphasized that the phase of
initial chondnfication and preliminary joint
formation 1n the foot takes place within the
embryonic period proper (Fig. 1). Gener-
ally, all the “canonical” elements of the foot
have begun to chondrify by 7 postovulatory
weeks; therefore, the number and the ar-
rangement of these elements is determined
prior to this time. It follows that anomalies
mn which the number of the skeletal elements
is increased arise very early in intra-uterine

|
|
|
|
i
|
1
|

n

FiG. 2. Horizontal section of left
foot of a fetus aged about 10 men-
strual weeks (45 mm., C.R., No.
1531). The caleaneus and the cu-
boid are visible in the lower part of
the photomicrograph. Portions of
the navicular, the three cuneiforms
and all five metatarsals can be iden-
tified. Note the cavity of the calca-
neocuboid joint.

life and that the causative factors must act
before 7 weeks of development. An example
of such an anomaly is a medicolegal case
that was characterized by partial tibial hemi-
melia associated with heptadactylia.*

PHASE OF PRENATAL
OSSIFICATION IN THE FOOT

The period during which ossification com-
mences in the foot extends from the end of

the embryonic period proper to postnatal
life.

As in the case of the hand, generally the
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TasLe 2. C.R. LENGTHS AND TIMES DURING WHICH BONE COLLARS AND VASCULAR
INVASION OF THL SHAFT FIRST OCCUR IN THE METATARSALS AND THE
PHALANGES OF THE Foot?

Bone COLLAR

VASCULAR INVASION

MENSTRUAL MENSTRUAL
M. WELEKS M. WEEKS
Metatarsals 1-5 ....... PN 39-55 9-11 60-78 11-12
Proxtmal phalanges 1-5 . 49-95 10-14 85-156 13-19
Middle phalanges 2-4 .. 122-359 15-birth 156-373 19-turth
Distal phalanges 1-5 ............. 30-308 9-36 60-308 11-36

first elements to show signs of ossification
in the foot are the distal phalanges. That of
the big toe may begin as early as 7 weeks.
Moreover, the peculiar mode of ossification
of these phalanges is similar in both the
hand and the foot.”® Intramembranous ossi-
fication and endochondral ossification com-
mence at the tip of a distal phalanx instead
of at the center of the shaft, as in other
tubular bones. These processes then advance
in only one direction; i.e., proximally. The
tuberosity of the distal phalanx is formed
by further development of the area of intra-
membranous bone formation.

TABLE 3. COMPARISON BETWEEN PRENATAL
SKELETAL DEVELOPMENT OF THE
3rD FINGER AND THAT OF THE 3rD TOE

3rD 3rD
FINGER ToE
STAGE  STAGE

Chondrification
Metacarpal or metatarsal .17-18 18

Proximal phalanx .. .... 19-20
Middle phalanx . ..., .19-20 21
Distal phatanx .. .... .21 23
Bone Collar MM CR. MM. C.R.
Metacarpal or metatarsal .30-39 39-55
Proximal phalanx . .. ..43.49 49-95
Middle phalanx .. 56-65 150-308
Distal phalanx ..26-30 43-55
Vascular Invasion
Metacarpal or metatarsal  43-61 60-69
Proximal phalanx . 65-83 85-122
Middle phalanx 85-110 235-308
Distal phalanx . .60-110  60-180

During the fetal period, bone collars may
be discerned in each of the metatarsals and
the phalanges some little time (1-5 weeks)
before the appearance of the periosteal buds;
hence, before the centers of endochondral
ossification are formed. The vascular inva-
sions that herald the approach of the ossifi-
cation centers (Table 2) appear in the
metatarsals and the phalanges between 9
menstrual weeks and birth,

The relative delay in the prenatal skeletal
development of the foot as compared with
that of the hand can be assessed by com-
paring a radiogram of the hand with one of
the corresponding foot.*® A further illustra-
tion of the “lag” can be seen by comparing
the progress of events in the third toe with
that in the third finger (Table 3).

Unlike the carpus, ossification begins in
some of the tarsals before birth, A seem-
ingly inconstant area of ossification, de-
scribed as penichondral'! or parachondral,’*
may be seen (Fig. 3) as early as 13 men-
strual weeks (Table 4, periosteal ossifica-
tion). It is lateral in position, appearing in
a groove between the lateral process of the
tuber (lateral tubercle) behind and the pero-
neal process in front. Thus, 1t is behind and
not, as commonly stated, at the site of the
peroneal trochlea or tubercle. As in the
case of a long bone, the perichondral or
peniosteal bone formation 1s followed by the
appearance of an endochondral center Ap-
parently two such centers may sometimes
appear. At any rate, double centers have
been illustrated m mfants by several
writers3 30
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TanLy 4. C.R. LuNeTis Anp Timrs DUriG Wiici Ossiricatios Mav First Occur
PRENATALLY IN THE TARSALST

P1r1osTI AL OsST1ICATION

ENDOCHONDRAL OSSIEICATION

LuNar LuNar
Mat. Moxtn Mas. Moxtis
Caleaneus «ovveueceniennines 93 4th 150-180 5th
Talus ... — —_ 253 on 8th-after birth
Cuboid vooviivevoiininnann, -— —_— 359 on I0th-after birth

The second tarsal to exhibit bone forma-
tion is the talus, during the last trimester of
intra-uterine life. However, an ossific center
for the talus is not always present at birth.!
It has been claimed that the talus *“appears
to arise originally from several ossification
points, which arc united rapidly into a uni-
form center and, therclore, casily escape
observation.”*?

The cuboid sometimes begins to ossify

Ta
F16. 3. Sagiual sectio
16 menstrual weeks (1
formation (arrow). Sev

n through night calcaneus of feus a
32 mm., CR, No. 1235). Note
eral small “cartila

before birth, Its center is said to develop
from several foci.!t

The lateral cuneiform rarely presents a
center in the newborn.!

PHASE OF POSTNATAL
OSSIFICATION IN THE FOOT
Centers appear during infancy in the 3
cunciforms and the navicular (Table 5).
The medial cunciform and the navicular may

—_ e

ged approximately
he periosteal bone

8¢ canals” are visible in the calcaneus,
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TABLE 5. TIMES OF APPEARANCE OF POSTNATAL OssiFic CENTERS IN THE FooT.
MEDIAN AGES IN YEARSH1417

BONE

Tibia, distal end .. ...
Fibula, distal end .. ..
Tuber calcanei ......
Top of tuber
Talus, lateral tubercle of posterior process .
Lateral cuneiform ............. ...,
Medial cuneiform ...
Intermediate cuneiform ...
Navicular
Metatarsal epiphyses ......
Tuberosity of 5th metatarsal
Phalangeal epiphyses . ....
Sesamoids «....... ..., .

COMPLLIE
APPEARANCE RADIOGRAPHIC
Fusion

FEMALE MaLE FrmaLc  MaLe

1/3 1/3 5 16

3/4 1 15 16

5 7-8 14 15

1 13 14 ?

8 10 10 12

1/3 1/3

1 2

2 2

2 3

2-4 24 15 16

10 12 13 14

1-4 1-4 14 15

9 12

A radiographic atlas of the postnatal skeletal development of the foot 1s now in press It will
be along lines similar to the Radiographic Atlas of Skeletal Development of the Hand and Wrist,
by W. W. Greulich and S. I. Pyle, ed. 2, Stanford Untv. Press, 1959.

each develop from 2 centers. Epiphysial
centers appear in the metatarsals and the
phalanges during infancy and early child-
hood. Generally, these epiphysial centers
appear at the bases of the elements, with the
exception of the second to the fifth metatar-
sals, where they usually develop at the
heads. Frequently, the epiphysial centers are
multiple.?® The centers in the bases of the
muddle phalanges of the thurd to the fifth
toes may be absent. Irregularities in the
ossific pattern are not uncommon in the foot,
and bizarre appearances are found some-
times.?°

Secondary centers appear during child-
hood 1n the tuber calcanel, the lateral tuber-
cle of the posterior process (posterior tu-
bercle) of the talus and the tuberosity of
the fifth metatarsal. An additional center
is found in the top of the tuber calcanei
about 2 year or two before puberty!® It
has been claimed that frequently a center
can be found in the medial tubercle of the
posterior process of the talus's and another
m the anterior portion of the medial cunei-
form.’®

SUMMARY

An account of the skeletal development
of the foot 1s presented, the prenatal findings
being based on our research, the postnatal
findings being summarized from the litera-
ture.

The lower limb buds appear at 4 post-
ovulatory weeks (Stage 13}, A few days
later, an important ectoderma) ridge (Stage
15) and a skeletomuscular condensation
(Stage 16) are scen.

The various skeletal elements of the foot
are distinguished as condensed mesenchyme
at 5 postovulatory weeks (Stages 17-18).
Chondrification takes place in a definite
sequence during the 6th and the 7th weeks
(Stages 18-23).

It is emphasized that the number and
the arrangement of the “canonical” skeletal
elements of the foot are determined prior to
7 postovulatory weeks of intra-uterine life

The sesamoids of the foot may sometimes
begin to chondrify as early as 7 postovula-
tory weeks Their distribution and frequency
resemble closely those of the adult.
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The tip of the distal phalanx of the big
toe may begin to ossify as carly as 7 post-
ovulatory weehs. The vascular invasions
that precede the appearance of the cndo-
chondral ossific centers are found in the
metatarsals and the phalanges generally be-
tween 11 menstrual weeks and birth, How-
cver, bone collars can be detected 1 to 5
weeks carlier.

Ossification tahes place in the tarsus in a
more or less definite sequence during the
latter two thirds of intra-uterine life and
during infancy. The metatarsal and the pha-
langeal epiphysial centers appear during
early childhood. Radiographic fusion of
these last-mentioned centers occurs shortly
after puberty.
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Le Disveloppamento Skeletic del Pede

Summario in Interlingua

Es presentate un description del disvelop-
pamento skeletic del pede. In isto, le consta-
tationes prenatal es basate super le recercas
personal del autores, e le constatationes
postnatal es summarisate ab le litteratura.

Le gemmas del extremitates inferjor ap-
pare el etate postovulatori de 4 septimanas
(stadio 13). Alicun dies plus tarde, un
importante cresta ectodermal (stadio 15) e
un condensation skeletomuscular (stadio
16) es visibile.

Le varie elementos skeletic del pede es
ibile como hyma condensate
a un etate postovulatori de 5 septimanas
(stadios 17 a 18). Chondnfication occurre
in un definite sequentia durante le sexte e
le septime septimana (stadios 18 a 23).

Es sublineate que le numero ¢ le disposi-
tion del “canonic” elementos skeletic del
pede es determinate ante le etate postovula-
tor1 de 7 septimanas in le vita intra-uterin,

In certe casos le ossos sesamoide del pede

P
dist
5

comencia jam Jor chondrification a un etate
postovulatori de non plus que 7 septimanas.
Lor distnibution e lor frequentia resimila
fortemente le distribution e le frequentia del
ossos sesamoide in adultos.

Le puncta del phalange distal del halluce
comencia a vices su ossification jam 7
septimanas post le ovulation. Le invasiones
vascular que precede le apparition del cen-
tros ossific endochondral es generalmente
trovate in le metatarsales e le phalanges
inter 11 septimanas postmenstrual e le par-
turition. Tamen, bandas periosteal es dete-
gibile inter 1 e 5 septimanas plus tosto.

Ossification occurre in Ie tarso in un plus
o minus definite sequentia durante le secunde
e ultime tertios del vita intra-uterine e du-
rante le infantia. Le centros epiphyseal
metatarsal ¢ phalangee appare tosto in le
pueritia. Le fusion de iste centros es radio-
graphicamente observabile brevemente post
le pubertate.



PRI LRIV,

e S eSS IT I

3

k
The Trabecular Pacerns of the Normal Foot

MicnagL C. Haut, FR.CS.(CHT

The trabecular system of a bone was
shown by Koch® to be onc that gives maxi-
mum strength from the wse of a minimal
amount of material. The pattern demon-
strates the lines of force in a bone, but force
is not necessaty for their development, since
the standard patterns will be found in ex-
planted bones grown in vitro, as Fell' dem~
onstrated, However, these patterns  will
change if the lines of force arc changed and
give an indication of the deformity present
(Steindier?).

The enginecring principles of the neck of
the femur have been cxamined in great
detail; therefore, its trabecular pattern is
well understood. However, that of the foot
seems to have been described only briefly.
It is believed that a study of this nature
allows a better understanding of the lines of
force sn a bone or composite of bones such
as the foot, and that in this way the static
and dynarue clinical problems of their struc-
ture may be followed more readily. On the
other hand, some may beheve that it is
strictly an academic exercise, in which case
one can only plead that at least the patterns
described are pleasing to the eye.

None of the long-standing arguments in
regard to arches, pomnts of pressure, etc.,
will be parsved, but some of the features to
be deseribed are self-evident in such regard,

The material used was obtained from the

* The author 15 indebted to Prof J, W, A, Duck-
worth, in whose depariment tms work was carried
out during the tesure of a Richardson Research

Fellowship, and to Miss Mia Benmnga, for assist-
ance with the manuscript.

* Department of Aaatomy, University of Tao-
ronto, Yoronto, Ont.

dissccting room. In no case had the dissce-
tion been earried into the joints, and all the
feet appeared 10 be free of deformity. Of
necessity, these are the feet of older people,
and some osteoporosis will be present. This
is not believed to have altered the patterns
and is manifested, if at all, in the Jess impor-
tant sccondary group of trabeculac rather
thag in the primary group.

Twelve feet were cxamined by sawing
them into Y-inch slabs in a coronal plane
(4 feet), or in a transverse plane (4 fect),
or dividing them between the digital rays
(4 fect). Apart from minor diffcrences de-
scribed, the appearances were the same.

DESCRIFTION

The fines of the trabeculae may be fol-
lowed down through the tibia inte the.talus
and through the remainder of the foot,

In the sagittal sections of the tibia. the
trabeculac are scen to radiate at right angles
from the lower articular surface up the
shaft (Fig. 8). At about 1 inch above the
articular surface, the central trabeculae
begin to veer to the nearest cortex to allow
the formation of the medullary cavity,

In the coronal sections, the same general
pattern obtains, but the veering to the side
occurs almost from the level of the joint,
giving a “V” appearance (Fig. 4).

At the apposing articular surfaces of the
tafus and the tibia, the major trabeculae are
remforced by many minor ones parallel to
them and a few running in an arc parafiel to
the articular surface, as a response to the

flattening of that surface during weight-
bearing (Fig. 8).
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Fics. 1 to 4. Coronal sections FiG. 1.
Heads of metatarsals. Note vertical tra-
beculae n each.

e e o

F16. 2. Cuneiforms, fourth and fifth meta-
tarsal bases.

Fic. 3 Navicular, cuneiforms, cubord.

In sagittal sections of the upper subcorti-
cal area of the body of the talus, the trabecu-
lar pattern is not so obvious. There is a
confl of the trabeculae of both the
posterior and the anterior pillars of the foot,
and, although the trabeculae of the posterior
pillar may be followed through the conflu-
ence, it 1s difficult to follow those of the

Fi6. 4. Center of body of talus, show-
ing sustentaculum tal and formation of
medullary cavity of tibia.

anterior pillar (Figs. 8 & 9). In coronal
sections taken through the talus, the trabecu-
lag posteriorly may readily be followed
down from the more central section of the
upper cortex of the talus through the calca-
neum (Fig 4). In honzontal sections, the
anterior trabeculae may be followed from
the body through the neck and the head of
the talus (Fig. 6). Thus it is seen that what
appears on the sagittal section to be an
unorganized trabecular network is, in fact,
a confl of the trabeculae from the
anterior and the posterior pillars that pass,
uninterrupted, through the body of the talus.

On the medial side, the trabeculae of the
posterior pillar are divided by the canalis
tarsi, termnating n two groups, onc in front
and one behind the canalis. The trabeculae
beneath the anterior talocalcaneal joint meet
its surface at right angles. They are short
and soon lost, suggesting that actually httle
weight is transmutted through this joint (Fig.
9). However, they can be followed curving
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Fis. § to 7. Horizontal scctions. FiG.
5. Medial malleolus with groove for
tibialis posterior; wedge-shaped body of
talus, wider anteriorly; lateral malleolus
with groove for peroneal tendons.

IR —
Fi6. 6. Body and neck of talus,

forward, sometimes into the neck of the
talus (Fig. 10); this will be discussed later.

In the calcaneum, beneath the canalis
tarsi, there is a thin shell of relatively dense
cortical bone, but beneath this area little
trabecular bone is found

Behind the canalis tarsi the trabeculae
run downward and backward through the
waist of the calcaneum as thick coarse
bundles, becomung finer and more numerous

Fic. 7. Calcancum.

as they pass backward to fan out to the
entire posterior surface, reaching inferiorly
slightly in front of the posterior tubercles
(Fig. 11). In horizontal (Fig. 7) sections,
this posterior column is found to be very
much stronger on the medial side than on
the lateral.

More laterally, at the depression between
the posterior articular surface and the beak
of the calcaneum (Fig. 11), there is a dense
aggregation of cortical bone in appearance
resembling the waist of a wheatsheaf. Tra-
beculae are seen radiating from this point
forward to the area of the anterior calcaneal
surface that articulates with the cuboid,
arching backward and downward to join
the posterior pillar running to the lower pos-
terior surface of the calcaneum, and a few
trabeculae running at right angles to the long
axis of the bone to the anterior tubercle.
Between the posterior pillar and the short
supporting trabeculae of the calcaneal sur-
face lies a large area almost devoid of tra-
beculae, known as the foramen calcanei.



F16. 9 Detail of antertor talocalca-
neal jomnt

The anterior pillar may be followed from
the body of the talus to the heads of the
als The trabeculae in the neck of
the talus may be followed superiorly from
beneath the upper surface of the body and
through the upper region of the neck to
blend with the others and end at the anterior
articular surface of the head at right angles
to this surface. In horizontal sections they
are seen running parallel to the axis of the
neck and the head (Fig 6).
In the sagittal sections of the lower part
of the neck of the talus, 1t 1s possible to
follow trabeculae 1nto 1t from two areas of

Fics. 8 to 11. Sagittal
sections. Fig. 8. First
*  metatarsal segment,

FiG. 10. Detail of antertor talocalcaneal
joint.

the calcaneum. As mentioned previously,
the anterior area of the talocalcaneal articu-
fation has trabeculae runnmng at right angles
to its surface, both in the calcaneum and
the talus. Those in the talus either will con-
tinue vertically upward to end in the articu-
lar surface at the ankle joint or arch forward
to join the trabeculae of the anteror pillar,
forming thus an arch that may be followed
from the heads of the metatarsals to the heel
(Fig 10). This arch through the anterior
joint is not always seen in the sagital sec-
tions. Its demonstration does not depend
on the site of section but on an individual
variation from foot to foot. Harris® has
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Tia. 11, Fourth and fifth
metatarsal segments.

shown the variations that will occur in the
anterior group of the subtalar joint complex,
and on cxamining a number of these bones it
is easy to confirm that there is a considerable
variation in the presence or the absence of
this part of the complex and in the relative
sizes of those that are found. Therefore, the
dircction that the trabeculac take from the
anterior articular surface of the talus may
depend on the degree of development of this
joint,

The trabeculac may be followed through
the head of the talus into the navicular, the
cuneiforms and the bases of the three medial
metatarsals as a parallel, evenly distributed
group. From the bases they continue to run
parallel to each other until they blend with
the cortex. At the necks of the metatarsals
they again become apparent, radiating out
to the cortex of the head but passing pre-
dominantly to the lower weight-bearing sur-
face A similar pattern is found in the pha-
langes, becoming Jess distinct in them from
proximal to distal phalanx.

On the lateral side of the anterior pillar,
the trabeculae are followed not from the
talus but from the calcaneum (Fig. 11). The
anterior of the radiations from the dense
region at the anterior edge of the posterior
articular area fans out to meet the anterjor
end of the calcapeum at right angles. 1t is
remnforced below by some trabeculae parallel
to the lower surface of the calcaneum. On
the lateral side of the cuboid, the trabecylae
may all be followed into the bases of the

4th and the Sth metatarsals, but on the
medial side a group passcs steeply down-
ward to the inferior ridge to which the
plantar ligaments are attached.

Successive coronal sections through the
forcfoot demonstrate the transverse arch of
the oot (Figs. 2 & 3). They show a com-
plete arch with pillars on cither side and a
gently curving central region, and not one
half of an arch requiring that of the other
foot to complete it. The bonme is much
stronger at the superior surface of the arch
than at the inferior, as would be expected.
Both the longitudinal and the transverse tra-
beculac contribute to this.

A group of trabeculaz more obviously
concerned with movement than with weight-
bearing are found in the posterior half of
the calcaneum (Fig. 11). They run in a
curved fashion round the back of the heel
as a dense bundle resisting the deforming
influence of the tendoachillis above and the
plantar fascia below. The two form in such
animals as the rabbit a single structure
Rassing round a pulley made by the poste-
rior surface of the calcaneum. There is a
less compact radiation in the entire posterior
third of the calcaneum fanning from its pos-
terior surface to aggregate in the cortical
bone of its lower surface. This will resist
not only the deforming forces of the Pposte-
rior structures but also the flattening forces
exerted on the calcaneum in standing.

The medial and the Iateral mallzolj are
shown on both horizontal (Fig. 5) and co-
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ronal (Fig. 4) sections to have a double
trabecular system. Peripherally, a bundle
of trabeculae follow in the subcortical re-
gion the curves of the cortex. Centrally,
trabeculae are seen radiating from both
articular and nonarticular surfaces of the
malleoli, The peripheral group are in re-
sponse to the pull of the ligaments of the
ankle and thus are comparable with the
group at the back of the calcaneum. The
central group are in response to the side-to-
side shift of the talus in its mortice, demon-
strated at the articular surface, and the com-
pression of tendons in pulleys demonstrated
in the nonarticular surface.

SUMMARY
The trabecular patterns of the foot show
major medial and lateral arches that can be
traced longitudinally through the length of
the foot. That on the medial side passes
from the calcaneum through the talus and

distally; that on the Iateral side, through the
cuboid, avoiding the talus.

There may be an additional medial arch
complete through the anterior subtalar joint.

The transverse arch is seen to be a com-
plete arch with both medial and Iateral
pillars,

Other smaller patterns, due to the static
forces of posture or dynamic forces of ten-
dons, ligaments and movement, are de-
scribed.
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Le Configurationes Trabecular del Pede Normal

Summario in Interlingua

Trabeculas 1n 0sso servi a impartir un max-
imo de fortia a un minimo de material. Un
studio del configurationes del trabeculas in
un osso 0 un complexo de 0ssos como per
exemplo le pede demonstra le lineas de fortia
in ille 0sso 0 complexo de ossos. Un tal studio
es de adjuta in obtener un melior compren-
sion del fortias interessate.

Dece-duo pedes esseva sectionate in planos
transverse, coronal, e sagittal, e le resultante
plattas de osso esseva roentgenographate.

Es monstrate que le trabeculas pote esser
sequite continuemente ab le tibia: a trans-
verso le corpore e le cervice del talo a in
le metatarsales al latere medial del pede; a
transverso le talo inferiormente a in Je cal-

caneo; e ab le calcaneo lateralmente a in le
cuboide e le metatarsales, I occurre un
variation al articulation sub-talar anterior, a
transverso le qual un complete arco de tra-
beculas pote passar, dependente del peso que
es supportate a iste articulation.

Sectiones a transverso le articulation talo-
crural demonstra separate gruppos de tra-
beculas in le malleolos, in responsa al fortia
del tendines, ligamentos, e movimento lateral
del talo in su base.

Sectiones coronal a transverso le pede
intermediari e anterior monstra un arco con
pilares complete tanto medial- como etiam
lateralmente
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Congenital Anomalies of the Tarsal Bone

Frro W, 1

Frequently, the end-rewlt of tarsat bone
anomalies i a righd static flat foor, Until
recently, the etinlogy of this type of foot was
attributed to conditions that were the resalt
of the entity, ax the rigidity or the epasticity
af the pronci muscles. At present it s felt
that modt often the ctiology is due to bony
wnomalies or arthrine condmons and that
the therapy should be directed at the tarsal
regions of the extremity.

My interest in the problem was aroused
by 2 6-year-old gir) who walhed with com-
fort only when the foot was supported
valgus with an outer wedge under the hecl.
On inspection, this foot appeared to be
nermal. On palpation, there was an unusual
prominence about } em. posterior 1o the
ernal malleolus. It was not tender to
Palpation but was the site of her discomfort
after walking, A bridge, fibrous or bony,
aeross the sustentaculum tali joint was sus-
peeted,

At this time we had no chmical recordings
of the ctiology of this type of lesion. Anato-
mists Dwight® and Laidiow?* have discussed
nomalies in this aren. Briefly, the posterior
border of the astragalus is divided by the
&roove of the flexor hallucis Jongus. The
bact fateral to the tendon groove is in the
f‘“f“.Of a process. It may be short or long
;: ‘it is long, it s known as Stieda's process.
fou:;dat this pomlllhat the os xn‘gonum is
foxor Thc.postcnor border medial to the
Ocmsmn lucis groove usually is .undeveloped.
\nally, it has developed into a sort of

* Universip

Chicago, i y of Nimeis College of Medicine,

fARK, M.D.®

hook and might be classified as a |
pulley. It has no function.

At the posterior border of sustentact
tali there may be found a bone known a
os sustentaculi. According to Dwight, 1
ner has seen it twice as a distinet bone
nected by fibrocartilage or fibrous tissu
the posteromedial end of the sustentact
talt. He has recognized it several time
being fused to the sustentaculum. Dw
comments that it has no importance ex
as being concerned in a fusion between
medial posterior border of the astrag
and the os caleis through the sustenta
He states further that a fusion would
difficult to show in a roentgenogram. It

Fig 1. (1) Stieda’s process.
(2) The enlarged posterior
border of talus and susten-
taculum of os caleis with
fibrosis across the superficial
edge.

2!
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in this area that our 6-year-old’s problem
was developing.

Fusions between the os calcis and the
scaphoid are also pointed out by anatomists.
As was hinted above, in most instances
fusions are through the medium of a third
bone. The os calcaneus secondarius is
credited by Slomann®? as performing that
function across this joint.

There are fusions both fibrous and bony
described between the talus and the navicu-
lar and between the os calcis and the cuboid.

Clinically, in the twenties there were
numerous reports on fusions between the
calcaneus and the navicular.3%® However,
talocalcaneal®?1* fusions were not reported
much before the late thirties or the early
forties.

There are reports on fusions between the
calcaneous and the cuboid, and the talus
and the navicular,® and the conclusiont usu-
ally is that they probably have little clinical
significance. On the other hand, congenital
abnormalities about the subastragaloid and
the calcaneoscaphoid joints frequently were
symptomatic.

In connection with lesions about the sub-
astragaloid jomnt, if the patient is less than
7 or 8 years of age, there is pain or dis-
comfort on walking, and on palpation there
may be tenderness at the site of complaint.
There is lttle or no muscle spasm, but
motion in the subastragaloid joint is more
or less imited. Children a few years older
also present peroneal muscle spasm and
valgus deformity of the foot. Such patients
usually attribute their disability to a walk

of more than average effort or duration, as
a hunting trp in deep snow or the first boy-
scout hike in the spring. The author has
observed patients pass from one phase into
the other

An 8-year-old girl presented herself at
the St. Luke’s Clinic because of moderately
flat feet. With effort she could hold her
arches up, but she stated that it was not
comfortable. On examination the enlarge-
ment behind the internal mallcolus was visu-

ally noticeable and palpable but not painful.
Removal of the anomaly was advised but
refused. In the course of 2 years, in spite of
supportive shoe work the valgus, or prona-
tion, of both feet increased; the peronei ten-
dons became tense and fixed, and the patient
lost the power of supination even passively.
This course has been seen to unfold in 2
patients, both in their early teens.

I used to feel that to get relief from a
spastic static flat foot a fusion of the in-
volved joints was required until one day a
6-year-old boy was brought in walking with
a boardlike gait, both ankles in valgus and
the peronei tendons standing out like bow-
strings. There were no abnormal bony
prominences palpable. There was too much
pain on motion to test which joints might be
the seat of the lesion. The idea of fusing
two ankles in a 6-year-old did not appeal to
me, and the child was placed in short-leg
plaster casts that were changed frequently
to take up the slack as the peronei relaxed.
Eight months in plaster cured these feet.
No other jonts in the body were involved,
and yet I believe that these feet come under
the classification of arthritic feet. Etiologi-
cally, Harris has arthritis as Group 3 in his
classification of the rigid flat foot. An out-
standing feature in this case was the muscle
spasm. Peroneal muscle spasm has not been
observed in this clinic at 6 years of age in
the type of foot under discussion, and it may
be the clue n differential diagnosis.

The diagnosis of a fibrous or bony bridge
across a tarsal jont will hinge on the palpa-
tion of a bony prommence, limitation of
mobility of the jonts in question and its
demonstration in the roentgenogram.

In the case of the anomaly across the sub-
talar jounts, it is usually at the posterior Timit
of the sustentacular joint and is easily pal-
pable. No other areas of bridging have come
to my attention Theoretically, a bridge
could form through fusion around the os
trigonum. According to Harris,” a roent-
genogram would be helpful in that it would
show obliteration of the sustentaculum talt
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The prominence itself is not great cnough to
stand out as such in the rocntgenogram.
In regard to radiographing this lesion,
Harris reproduced onc of Livingston's illus-
trations showing the foot in ealcancus in
relation to the tibia, with the sole of the
foot squarcly on the x-ray cassette. It is
recommended that the rays be directed at
35°, 40° and 45° to the plate in the antero-
posterior plane of the leg. One view then
should pass through the sustentacular joint
if there were a clear one. T have not been
able to get a roeatgenogram of this lesion
that would reproduce in a photograph illus-
trating the anomaly clearly. On the other
hand, rocntgenograms clearly show the
bridge across the calcaneonavicular joint, it
is ossificd. It cannot be palpated; it can only
be suspected when one feels a peculiar Tack
of mobility on grasping this region of the
foot between thumb and forefinger. This

anomaly has also been found scveral times
in conncction with the rocker-foot deformity.

The treatment followed in the younger
children with the talocalcancal anomaly was
resection. In the first case the bony promi-
nence and most of the sustentaculum tali
process were resected. On examining the
specimen it was noted that there was fibrosis
only across the superficial part of the joint
and that the adjoining surfaces decper in
were covered with cartilage of good depth.
Therefore, in the succceding 2 cases the
prominence was exposed through a curved
incision bchind the medial malleolus and
plancd down with a chisel until a good joint
space lined with cartilage came into view.
The clinical course of these 3 cases was
uncventful. The period of observation was
2 years,

Clinicians and anatomists state that after
the age of 11 the union in the bridges is

. F16.2 Not only 1s there a large os tibiale exter
is large. This 1s moved back to the broken lie.

holding the forefoot in valgus.
shape but no accessory ossicle.
of the accessory ossicle.

num but the tuberosity of navicular
This enlargement may be a factor in
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bony. All teen-age cases were treated by a
triple arthrodesis. The triple arthrodesis was
also practiced in connection with the calca-
neonavicular bridge. Resection of this bridge
has not been successful, possibly because it
is an area where several tarsal bones touch,
and it is not practical to make an exposure
that shows the dorsal and the plantar con-
tours of this area; hence it is difficult to
judge what constitutes an adequate resection.

By triple arthrodesis is meant a fusion of
the talonavicular, the calcaneocuboid and
the talocalcaneal or subtalar joints as
described by Ryerson.

Kidner’s!® “prehallux or accessory scaph-
oid” also gives a symptomatic syndrome.
A 56-year-old woman consulted me because
of a painful foot for 46 years. She presented
an ankle valgus somewhat fixed, peronei
tendons tense and promnent under the
fibula. The quite prominent tuberosity of
the navicular was tender to touch. There
was no mobility in the subtalar joint. She
walked with a boardlike gait. The roent-
genogram (Fig. 2) showed a tuberosity of
the navicular that was enlarged and irregu-
lar 1n shape. In contact with it there is a
large os tibiale externum. 1t lies more under
the head of the talus than is customary for
this ossicle. This patient stated that the foot
began troubling her at the age of 10. She
was put m a cast for several months, fol-
lowed by a brace for a number of years, and
ended up with a specially built shoe.

The age of 10 or 11 is the average time
at which this type of patient seeks treatment
for a “double ankle” that recently has be-
come painful. On examination the ankle 1s
in valgus, and the tuberosity of the navicular
is quite promment and cannot be hidden
when the patient tries to elevate the arch. It
is tender to palpation. A longitudinal arch
support in a stiff-shanked shoe, contrast
baths and foot exercises may give imme-
diate relief. If they do not, removal of the
accessory ossicle 1s indicated  After resect-
mg the ossicle, Kidner suggests fasterng

this free stump of the tibialis posticus tendon

laterally under the navicular so that it will
give support to the head of the talus. Usu-
ally the ossicle is within the tendon of the
tibialis posticus at its insertion into the
tuberosity of the navicular. On one or two
occasions the author has found it to lie on
the tendon in somewhat the same way that
the patella lies under the patellar tendon.

SUMMARY

Usually, anomalies among the normally
developed tarsal bones are due to coales-
cence between two or more of them through
the medium of an ossicle. There are ana-
tomic and clinical reports of fusions across
all the tarsal joints. Of these, fusions across
the subtalar and the calcaneonavicular joints
are symptomatic,

In early life the bridge is fibrous or fibro-
cartilaginous, and the symptoms are in the
nature of discomfort during activity. As
these children become older, the bridge be-
comes bony, and the symptoms become
more acute, developing the rigid static flat
foot. The illustrative cases were found in
the years between 1926 and 1935.

An ossicle may cause symptoms without
bndging a jont, as in Kidner's “prehaliux.”

In the young children (discomfort stage),
resection of the anomaly was practiced. In
the older children, a triple arthrodesis was
used.

If the symptomatic anomaly is not re-
moved, the patient will continue to have a
painful foot. As the age of 60 1s approached,
this condition becomes almost intolerable.
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Congenite Anormalitates del Ossos Tarsal

Summario in Interlingua

Le apnormalitate que causa symptomas ¢s
del typo que resulta in fusion inter le ossos.
Le fusion procede via le medio del tertic
osso. Il existe reportos de fusiones inter
omne le ossos tarsal. Lc fusion trans le
articulation subtalar e le fusion trans Ic arti-
culation calcaneo-navicular deveni sympto-
matic.

In juvene pupos le symptomas es plus
tosto un question de disconforto. In le
secunde decennio del etate illos deveni inva-

lidante, ¢ Ic condition es alora cognoscite
como pede plan spastico-rigide.

Un libere ossiculo accessori pote causar
un typo de invaliditate que es exemplificate
per le osso tibial externe.

Alleviamento pote esser cflectuate in juve-
nissime patientes pediatric per abrasion del
structuras anormal e in patientes appro-

chante lor adolescentia per un triple arthro-
desis.



Variation of the Digital Skeleton
of the Foot™

P. VENNINGT

The skeletal variations considered here
are confined to a group or complex of char-
acters affecting the digits of the foot, These
have been selected from among the very
numerous skeletal variations of the foot be-
cause they have certain characteristics that
make them specially suitable for study. Furst,
they occur with sufficient frequency among
healthy people to make quantitative analysis

*The data and the results presented are based
mostly on the author’s own material, which consists
of standard dorsiplantar radiographs of the feet of
about 1,800 schoolchildren and about 500 adults
of both sexes. The child sample consists of the
school population from 5 to 14 years, inclusive,
of a single urban population of Greater London at
a particular date, and the adult sample consists of
the staff and the students of a London college. Some
of the data have been published previously (Ven-
ning, 1954 & 1956°5-3%),

t Umiversity College, London, England.

o

Fic 1 Rught foot of a 19-year-old girl
with 2 phalanges on each toe (Venning,
P. Am ¥ Phys Anthropol NS 14:11)
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possible in a sample of reasonable size.
Second, they are phenotypically of a kind
that has been of considerable phylogenetic
importance. Thirdly, they appear to belong
to a class of polygenic continuous variations
that is probably of importance in the mor-
phogenesis of the skeleton.

VARIATION IN THE NUMBER
OF DIGIT SEGMENTS

The number of phalanges in the toes may
be cither 3 or 2. In the Ist toe the number
is almost always 2, though a 3-phalanged
form of this toe has been reported from
time to time. The postaxial toss, however,
are much more variable. The first record of
the 2-phalanged form of the 5th toz is due
to Leonardo da Vinci (1492) Anatomists
before him and after (e.g, Vesalius) de-
scribed only the 3-phalanged form. For a
long time the 2-phalanged form was thought
to be due to fusion of previously separate
ruddle and termnal phalanges during post-
natal Iife, attributable supposedly to disuse
of the joint or to mjury Indeed, the ter-
minal phalanx of the 2-phalanged form still
is described frequently as “fused,” although
there is no evidence for this.

The frequency of the 2-phalanged form
m the cartilagmous skeleton of fetuses as
early as 12 weeks old (Trolle, 1948%%) does
not differ from the frequency among adults.
In addition to the Sth toe, the 2nd, the 3rd
and the 4th also have a 2-phalanged form,
though much more rarely (Fig. 1). Toes
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Variation ot the Digital Skeleton of the Foot

with only 2 phalanges, except the 1st, are
always lateral in the foot to toes with 3
phalanges.

Table 1 gives the frequencies of the
2-phalanged forms found by different work-
ers. These show a striking difference be-
tween European and Japanese frequencies,
the 2-phalanged form of the 5th toe being
much commoner among the latter, The
2-phalanged form of the 5th toe has been
reported in the feet of Terra del Fuegan
Indians, American Negroes, African Hotten-
tots and Egyptians (Straus, 1927%) and in
Australian aborigimes (Abbie & Adey,
1953'). It may be safely concluded that
variation in the number of phalanges has
a world-wide distribution but that the fre-
quencies of the different forms may vary
considerably between population demes.

Table 2 gives the author’s material ana-

lyzed in terms of the number of phalanges
found in the different toes in right and left
pairs of feet. The toes of children in whom
fusion of ossification centers within pha-
langes has not taken place may be classified
into 2- and 3-phalanged forms with a fair
degree of certainty from the number and the
relative size of the ossified centers present
(Venning, 1956*). The frequencies show
that the 2-phalanged forms occur signifi-
cantly more often in females than in males.
The preponderance of bilateral symmetry
shows a very high correlation between the
sides in respect to phalangeal number.
Among asymmetric pairs of feet the 2-pha-
langed form occurs significantly more often
on the left.

Occasionally, the terminal phalanx of a
2-phalanged 5th toe shows a fissure, or
notch, that partially divides the bone into

TABLE 2. OCCURRENCE OF TWO AND THREE PHALANGES AMONG THE TOES OF THE FEET

OF THE COMBINED SAMPLE!

S OF CHILDREN AND ADULTS

Males Rigut Footr

2nd | Three Three Three Three Two

T 3rd | Three Three Three Two Two

OFS 4th | Three Three Two Two Two
2nd  3rd 4th 5th | Three Two Two Two Two | ToTaL
LEFT FooT | Three Three Three Three| 640 34 —_ — — 674
Three Three Three Two 43 387 1 -—_ — 431
Three Three Two Two — 2 16 —_ _— 18
Three Two Two Two — — 1 6 — 7
Two Two Two Two — — — — — 0
Total 683 423 18 6 0 1,130

Females RiGHT FooT

2nd | Three Three Three Three Two

3rd | Three Three Three Two Two

Toes 4th | Three Three Two Two Two
2nd  3rd 4th S5th | Three Two Two Two Two | ToTaL
LerT Foor | Three Three Three Three| 608 29 — — — 637
Three Three Three Two 60 457 2 — —_ 519
Three Three Two Two — 11 14 1 — 26
Three Two Two Two —_ — ! 2 — 3
Two Two Two Two —_ — —_ -— ! 1
Fotal 668 497 17 3 1 1,186

(Venning, P.: Am J Phys Anthropol N.S 14:19)



Middle Phalanx Reduction 29

proximal and distal parts. This condition
has usually been interpreted as evidence of
fusion between a middle and a terminal
phalanx. though it could be regarded equally
as evidence of incomplete segmentation. In
the absence of any evidence of fusion be-
tween once-separate cartilaginous clements,
this latter interpretation is preferred.

Among the schoolchildren in the author's
material there were 296 families of sibs
comprising 636 individuals. In the 391 sib
pairs from this sample, there was a highly
significant tendency for sibs to be alike with
respect to the number of phalanges on Sth
toes (r=0.28 = 0,05, Venning, 1954%).
This degree of correlation is too low for this
character to be inherited as a single gene;
however, it is consistent with polygenic
determination,

Considering the foot as a whole, the fol-
lowing combinations of phalangeal number
among the toes probably occur:

NUMBRERS oF PHALANGES
Tors

Ist 2nd 3rd 4th 5th
()3 3 3 3 3 Veryrare
(b) 2 3 3 3 3 about55% Europeans;

(25% Japanese)

() 2 3 3 3 2 about40% Europeans;
(75% Japanese)
(d)2 3 3 2 2 about 2% Europeans
()2 3 2 2 2 about0.5% Europeans
(H2 2 2 2 2  <01% Europeans

MIDDLE PHALANX REDUCTION

Phalangeal number is determined appar-
ently by the presence or the absence of a
Separate middle phalanx., The terminal pha-
lanx of the 2-phalanged form of 5th toe
looks, both in size and m shape, as if 1t had
been compounded from the middle and the
terminal phalanges of the 3-phalanged form
Evidence that, in a sense, this 1s what has
occurred is provided by the different forms

(tlf mddle phalanx found among 3-phalanged
0es,

Middle phalanges may develop or fail to
develop cpiphyses. Between these extremes
there is an intermediate form of pscudo-
cpiphysis. Any one, or two, or all three of
these forms may be represented among the
toes of the foot. When more than one form
is present, almost invariably a toc in which
a middlc phalanx possesses any epiphysis is
medial 10 a toc with cither of the other
forms; similarly, a toc in which the middle
phalanx lacks an cpiphysis is lateral t0 a
toc with cither of the other forms. Toces
with 2 phalanges are, of course, lateral to
all these forms. Thercfore, fect may be
classified according to the combination of
skeletal forms present among the toes, taking
into consideration both the form of middle
phalanx and the number of phalanges. Table
3 shows, for cach sex, the frequencies of the
different combinations in the feet of chil-
dren. For sake of simplicity of presentation,
a pscudocpiphysis has been counted as
cquivalent to an absence of cpiphysis, and
children with 2-phalanged toes in addition
to the 1st and the 5th toes have been omit-
ted (6 males and 9 females). Also omitted
is a child who, on one foot, provided the
only cxample of an exception to usual
mediolateral positional order between toes
with and without epiphyses of the middle
phalanges. (The 2 adjacent toes involved
in this case had syndactylous bony union
between the terminal phalanges.) The chil-
dren represented in this table are all the
boys within the age group 7 to 10 years,
inclusive, and all the girls within the age
group S to 8, inclusive, At these ages classi-
fication according to the epiphysial forms
of middle phalanx can be carried out with
greatest certainty.

Analysis of these frequencies gives the
following results-

Middle phalanges that lack epiphyses
occur significantly more often among fe-
males than males. There is a highly signifi-
cant tendency for bilateral symmetry of the
feet; among asymmettic pairs of feet middle
phalanges without epiphyses occur signifi;
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TanLE 3. THE OCCURRENCE OF MORPHOLOG!

IC VARIATIONS OF THE MIDDLE PHALANGES

IN CHILDREN OF EAcH SEX

MavLes 7-10 YEARS

FEMALES 5-8 YEARs

Toks RIGHT FEET RicHT FEET
g|2nd At —t A+ — =ttt —
S 3rd + 4+ +——+4 + ——|Left |[ -+ 4 - —— 4 -} —— [Left
= 4th ddp———dt———|Feet | 4- 4+ ———f ——— [Feet
5th| f————2 2 2 2 [Totals|| + ————2 2 2 2 [Totals
+ o+t | i ]
+ 4+ 4+ —| 151 2—— —— 1—| 55| =31 3—— 1 ———]| 35
|+ + — —]|— 768 4—— 4——] 83 || — 265 4—— ——— 71
B4 — — — | —— 826 2—~— 2—| 38 || —— 748-——— 2 3—| 60
e — — | —em 59— —— 1] 15 | ——— 218——— 1] 21
4+ 4+ 2——1—— 8—— | 9fl—3——— 21——]| &
S+ 4+ — 2| ——3—— 128 2—] 34 | —— g———21 3—| 32
S+ — = 2 {—— 1 6—— 446 1 8 f|—~— 13— 12451 53
—_— 2 ————1——319] 23 ||—— 11 2—— 341| 48
Rt. Feet Totals | 158834112 9365421 | 315 || -— 37855820 4265443 | 327
+- = Middle phalanx with eprphysis.
~— = Middle phalanx without epiphysis.
2 = Toe without middle phalanx.

cantly more often on left feet. There is a
significant intrafoot correlation between the
2-phalanged form of 5th toe and middle
phalanges lacking epiphyses.

Within feet, middle phalanges almost in-
varjably get progressively shorter the more
lateral the toe. On any particular toe, mid-
dle phalanx length is dependent, firstly, on
its own epiphysial form (those lacking an
epiphysis being on the average significantly
shorter) and, secondly, on the skeletal form
of middle phalanx present on each of the
other toes in the foot (Venning, 1956%°).
Thus, the greater the number of toes in
which the middle phalanx lacked an epiphy-
sis, the shorter the middle phalanx of any
particular toe. Similarly, middle phalanges
are shorter in feet with 2-phalanged 5th toes
than m feet with 3-phalanged 5th toes. Table
4 shows these relationships in the case of
the 2nd toe

These results strongly suggest that all the
different morphologtc forms so far described
form a related series characterized by differ-

ent degrees of middie phalanx reduction, the
first step being the transition from true
epiphysis to pseudoepiphysis, the next step
being the complete absence of an epiphysis,
and the final step being the absence of an
independent middle phalanx in the toe.

Though the morphologic steps in this
series are discrete qualitative diff es, the
correlated variation of middle phalanx length
supgests that the underlying middie phalanx
reduction is a continuous variable. Inter-
preted in this way the frequencies of the
different morphologic forms among the focs,
and their relative mediolateral position, may
be regarded as the expression of quantitative
variation in the mediolateral distribution
within the foot of some continuous morpho-
genetic variable promoting middie phalanx
development Figure 1 depicts these condi-
tions diagrammatically, showing a double
gradient of the supposed morphogenetic
factor, with its maximum value at the 2nd
toe, and decreasing abruptly medially and
more gradually laterally.
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Tantt 4. MUaN LinGuis iy Mat, (Corr

1CTID TO A STANDARD AGE O 7 YLARS

O MoxTHS) o1 T Mooy Paatass o1 1, 280 For oN Lei 7 Fent or GIres

410 1O Y1 ARS IN SANMPLIS Wit DIb T RE
VARIATIONS. Livin of SIGNIHICANCT, P =
WiRE ALINL IN RISPLET To 110, Foy
Pratancis (L

N1 COMBINATIONS OF MIDDLE PHALANX
0.05, Tue Fuer iy ALL Turse SaMeLLs
M O1 Erieiiyst 5 18 i1 PROXIMAL

., NONCONIC),

LINGEIL (MM,)
Mipotr Praasy Moy g SiGNitICANCE (P) or
VaRIsT1I0% N PHATANN DI FERINCES IN MraNs
oN Tors ‘”:" o1 2apfor RELATED TO
28D 3RD San St Frer | Mias SE. = Erirnysts | No. of PHALANGLS
a 4+ 4+ - 48 10.66 0024 | a.bh  <0.001 a-c not sig.
b 4+ 4 — = 88 10.00 0012 be <0.020 b.f not sig.
< 4 = = = 65 9.56 0.018 | ¢cd <0.001 c-g not sig.
d —_— e e 18 845 0062 | ad <0.001 d-h  <0.010
e + 4 4 2 6 10.07 0.750 | ef not sig.
f 4+ 4 = 2 42 992 0.028 | fg <0.010
g + = - 2 59 9.25 0.019 | g-h <0001
h _——_ =2 49 7.52 0023 | e¢h <0.010
Sum of differences in means <0001 <0.050
r——— ———— e it . =V
-+ = Middle phalany with epiphysis

Middle phalanx without epiphysis.

2 =Toc without auddle phalanx.

If this interpretation is true, cach of the
morphologic forms described falls into the
class of quasi-continuous characters de-
scribed by Gruneberg (1951 & 19527*) in
the mouse skeleton. Griineberg suggested
that some skeletal differences—for example,
the occasional absence of the 3rd molar
tooth in a strain of mice—were due to a
continuous varjable—in this case the amount
of precursor tissue available for tooth for-
ma!ion—bemg less than a threshold value.

The relation between middle phalanx
length and the morphologic differences being
con.sidered here suggests that a continuous
variable underlying these differences might
be variation of middle phalanx, or pre-
sumptive middle phalanx, length. It is reas-
onable to suppose that a certain mnimum
of cartilaginous tissue is required at some
stage of differentiation for successful epi-
physial development. Fell and Canti
(1934).,% 1n experiments on the formation

of chick embryo knee joints in vitro, found
that one of the requirements for successful
scgmentation at this joint was the presence
of a sufficient length of skeletal tissue on
cither side of the presumptive joint region.
Joint formation occurs at the place of meet-
ing of two expanding centers of chondrifica-
tion (Murray, 1936'¢). In the digits the
center of chondrification for each presump-
tive segment and the joints between the
segments appear in proximodistal succession
(Senior, 1929%t). Variation in the relative
positions of the centers of chondrification
along the digit blastema, or in the relative
times of their appearance, or rates of expan-
sion, might create conditions in which the
length of the presumptive middle phalanx
was insufficient for segmentation to occur
between the presumptive middle and ter-
minal phalanges. Such a situation would
give rise to a 2-phalanged toe.

The almost invarable occurrence of only

e



w
~

Variation of the Digita! Skeleton of the Foot

Epiphyseal /

FiG. 2. Hypothetic mediolat-
eral distribution of a morpho-
genetic factor promoting middle
phalanx development. ~As the
quantity of the factor falls below
successive thresholds it is sup-
posed that, first, the middle pha-
lanx lacks am epiphysis, and,
finally, the toe lacks a middle
phalanx.

threshold /
Segmentation

threshold

Morphogenetic factor promoting meddle phatanz development 9

st toe  2nd toe  Jrd toe  4th toe

Mediolateral foet dimension

2 phalanges in the Ist toe is not, as might
appear, an obstacle to this hypothesis, since
it is probable that at the time of digit seg-
mentation this ray is the shortest in the foot
(Schultz, 1924; Straus, 1927%%).

It was suggested above that variation of
the processes of initial proximodistal chon-
drification of the digital blastema might
bring about variation of middle phalanx
lengths In considering the more funda-
mental morphogenetic factors that might in
turn affect these processes, one is perhaps
entering a purely speculative field. Never-
theless, 1t is worth remarking that the recip-
rocal influence of ectoderm and skeletal
mesoderm of the limb bud, and particularly
the influence of the apical ectodermal ridge,
is one of the fundamental morphogenetic
determinants of proximodistal differentiation
and growth of the limb skeleton of the chick
embryo (Saunders, 1948, Zwilling, 1955
& 1956*'%') and of Xenopus tadpoles
(Tschumt, 195747)  There 1s some evidence
that these relationships may also apply n

Sth toe

man (Zaaijer, 1953%). The prepostaxial
alignment of the apical ectoderm ridge of
the limb bud might well be capable of pro-
ducing the sort of mediolateral quantitative
distribution illustrated in Figure 1.

Wood Jones (1944)3! and others have
suggested that the reduction of middle pha-
langes in the more lateral toes is an evolu-
tionary change supposedly advantageous
from the point of view of stability. It is
certainly true that changes in the number
of phalanges has been a repetitive theme in
vertebrate evolution in the direction of both
reduction and increase. Ungulates provide
obvious examples of the one and Cetacea of
the other. Variation of phalangeal number,
upon which selection could operate, must
have occurred frequently within breeding
demes of many different species during
evolutionary history However, the occur-
rence in man of vatiation of this character
is not 1n itself evidence of any evolutionary
trend unless selective pressurc can be dem-
onstrated or there is at least clear evidence
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that onc or other form is advantageous, In
this case there appears to be no such
evidence.

VARIATION OFF EPIPHYSES OF

THE PROXIMAL PHALANGIES

The relation between the skeletal varia.
tions o far described and middlc phalanx
length raises the question whether or not
the fength of other bones of the foot arc
also related to thewe variations, This ques-
tion cannot be answered without taking into
account yet another sheletal variation of
digits, This sariation consists of variation in
the shape of the epiphyses of the proximal
phalanges. Figure 3 illustrates extremes of
this apparently continuous variation. It
will be <cen that one tail of this distribu-
tion is characterized by a pronounced distal
projection of the ossified cpiphysis mto an
accommodating crater of the diaphysis.
lTalcml radiographs confirm that this projec-
tion is more or Jess axial to the shaft of the
phalanx,

Brailsford  (1944)3 reported  extreme
examples of these conic epiphyses in the
phalanges of the hands or the fect of chil-
dren affected by a dyostosis, which is thought

z‘K
11
i
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to arise from abnormal differentiation of the
mesodermal precursor of both cartilage and
membrane bone. Of coursc, the present
cxamples were observed in a sample of
apparently healthy children. At a certain
stage of cpiphysial devclopment in somc
reptiles (Haines, 1938 & 1942"1") and in
birds (Fell, 1925%), a long cone or peg of
cartilage projects from the epiphysis into the
diaphysis. This peg is formed, in the fowl
at least, by marrow crosion of cartilage at
the periphery of the shaft proceeding toward
the articular end of the shaft in advance of
similar crosion of the center. At a later
stage the peg also is croded. These pegs
appear to differ from the concs under dis-
cussion here in that the growth zone of
cpiphysial cartilage is not part of the pro-
jection,

Criteria were established to fix an arbi-
trary division of the continuous shape distri-
bution, so that the epiphysis of each proxi-
mal phalanx might be classified as conic or
not conic according to the degree of distal
projection of the axial part. Table 5 shows
the frequency distribution by age in each sex
of the left feet of children classified according
to whether one or more of these cpiphyses

Fic 3. Examples, 1n two 8-year-old gutls, of the extremes of shape variation of epiphyses
of the proximal phalanges.
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was conic or all were nonconic. Conic
epiphyses occur much more frequently in
females than in males. In both sexes, within
the age range at which none of these epiphy-
ses is fused, the frequency of conic epiphyses
does not vary consistently with respect to
age. At older ages, as the proportion of
children with fusion increases, so the fre-
quency of conic epiphyses among the re-
maining children without fusion tends to

decrease, Thus it appears that conic epiphy-
ses tend to fuse earlier than nonconic epiph-
yses. Inspection of the radiographs suggests
that in conic epiphyses this fusion starts
axially at the apex of the cone.

The distribution of conic epiphyses among
the toes is the same in each sex and shows
a significant tendency to bilateral symmetry
with no differences between right and left in
the frequencies of asymmetric condiions.

TABLE 5. FREQUENCIES, AT DIFFERENT AGES, OF CoNIC EPIPHYSES OF THE PROXIMAL
PHALANGES IN CHILDREN WITH NONE OF THE EPIPHYSES OF THESE PHALANGES FUSED

MaLEs
%
CHILDREN
AGE AT Witu A, B.
Last ToTAL FusIoN oF CHILDREN CHILDREN CoL B
BIRTH- IN ONE OR MORE WitH No WitH CoNIC As % OF
DAY SAMPLES EPIPHYSES Fusion EpIPHYSES CoL. A
4 24 Nil 24 Nil Nil
5 88 Nil 88 7 7.9
6 82 Nil 82 3 3.7
7 88 Nil 88 8 91
8 61 Nil 61 5 8.2
9 72 Nl 72 8 111
10 98 Nil 98 8 8.2
11 91 Nil 91 10 11.0
12 93 N1l 93 6 6.5
13 109 55 103 6 58
14 92 207 73 2 2.7
15 14 357 9 Nil Nil
Totals (4-12 yrs.) 697 55 7.9
(13-15yrs ) 185 8 43
FEMALES
4 24 Nl 24 4 167
5 80 Nil 80 19 248
6 93 Nil 93 31 33.3
7 89 Nul 89 19 213
8 73 Nt 73 22 301
9 60 Nil 60 17 283
10 87 Nil 87 18 207
11 85 47 81 11 136
12 122 27.0 89 16 180
13 13 496 57 5 89
14 83 807 16 Nit Nil
15 12 750 3 Nu Nil
- 506 130 257
Totals (4-10yrs ) 246 pos 130

(11-15 yrs )
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TABLE 6. DisTRIBUTION OF CONIC EPIrnysrs or PROXIMAL PIIALANGES AMONG TiT, TOES

or Rigny asp L1 Fret or Gines or 4 10 10 YEARS, INCLUSIVE
Rieur Fiia
Tors Wit — 2nd — 2nd — 2nd
Conic Ertrnyst s dd 3rd 3rd 3rd 3rd 3rd Left Feet
o1 THI PRONINAL — — 4th dth dth 4th
s anaGls None — — — =~ Sth Sth] Tolals 174
None 376 3 — 2 - = = 381 753
- — A - — 32 1 6 i — = 47 9.3
= 2nd Id -~ — - 4 s — 1 -~ — 10 2.0
El = aa e — 2 6 — 20 5§ — — 33 6.5
E|20d 3ed sn — — 11425 — 2 33 6.5
S| — 3rd &h Sth _ - = = = 1 1 02
2nd  3rd  dth Sth — —_ - =~ = 1 1 0.2
Right Feet Totals 385 46 7 032 32 — 4 506
e 76.1 91 14 63 63 Nil 08

Table 6 gives the distribution of conic and
nonconic epiphyses among the tocs of girls,
When a conic epiphysis is present in the
foot, the third toe is always affected; if more
than one toc is affected, then successively
adjacent toes medially or laterally, or both,
are affected. Tocs lateral to the 3rd toc arc
affected more frequently than toes medial to
the 3rd. An cpiphysinl configuration very
similar to a comc cpiphysis was scen occa-
sionally on the Ist toe, but this toe has not
been included in the analysis because the

morphologic differences were sufficient to
make a comparable classification impossiblc.
Among the other tocs the order of frequency
of comic epiphyses, 3>4>2>5, corresponds
to the usual sequence of onset of cpiphysial
ossification (Pyle & Sontag, 1943*!; Hard-
ing, 1952").

Feet may be classified with respect to
both conic and nonconic epiphyses of the
proximal phalanges and to the variations of
the middle phalanges. The frequency distri-
butions 1n Table 7 show that conic epiphyses

TaBLE 7. DISTRIBUTION OF THE DIFFERCNT COMBINATIONS OF MORPHOLOGIC VARIANTS

OF THE MIDDLE AND THE PROXIMAL

PtiaLANGES OF LEFT FELT OF GIRLS

AcED 4 TO 10 YEARS

MippLE PHALANGES

Witn EpirHYSES (),

WitouT Epipnyses (—), AND ABSENT (2)

2nd toc + + + — + + -+ —
3rd toc + + - - 4+ + - -
4th toe + — — — + — —_ -
Sth toe — — — — 2 2 2 2 Totals
Feet without conic
epiphyses of 48 89 66 18 6 43 60 50 380
Pbroximal phalanges
Feet with conic
epiphyses of 6 14 19 19 1 5 20 40 124
Proximal phalanges
Totals 54 103 85 37 7 48 80 90 504
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series. It is reasonable to assume that the
variable connecting this series is some prop-
erty of the epiphysial plate cartilage that
determines the length of time during which
it is immune to the chondrolytic action of
marrow invasion and subsequent endochon-
dral ossification. Thus, when no epiphysial
apparatus is developed, it may be supposed
that the spread of osteogenic tissue within
the shaft proceeds uninterruptedly to the
articular end of the bone. Parsons (1905)7
describes long bone ossification in the pigeon
in which the spread of ossification along the
shaft is halted temporarily at a position cor-
responding to a presumptive epiphysial plate
but then proceeds up to the articular end.
In the case of pseudoepiphysis development,
the spread of endochondral ossification is

Fmmmmmmme

Arbitrary conic

halted at first at the level of the presumptive
epiphysial plate and then breaks into the
articular end through an approximately axial
corridor surrounded by a peripheral ring of
apparently competent epiphysial plate carti-
lage that survives for a more or less pro-
longed period (Posener, Walker & Weddell,
1939%). In the case of complete epiphysial
development, the epiphysial plate constitutes
an intact and more permanent barrier to the
spread of ossification from the diaphyses,
but in the more conic examples the break-
down of this barrier occurs earlier and com-
mences axially.

Thus, the morphogenetic factor underly-
ing these correlated forms of epiphysis may
be supposed to be concerned with promoting
epiphysial plate formation. Judging by the

epiphysis |hreshlnld
Supposed pseudoepiphysis

threshold

Supposed na-epl

threshold

Morphogenetsc factor promoting epiphyseal development

| R |- S
3

1st toe

2nd toe

ard toe  &thtoe  5th toe

Mediolateral foot dimension

Fic 4 Hypothetic mediolateral distribution of a morphogenetic
1 al

devel

n the As the

factor promoting epiphy

P

=
quantity of the factor falls below successive thresholds it 1s supposed
that epiphyses tend to be conic, then “pscudo” and, finally, absent.
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frequencies with which  conic ?piph.ysc.s
oceur among the tocs, the quantitative distri-
bution of this factor within the foot appears
1o be at least at the position of the 3rd toe
and to increasce on cither side, more nbruptly
medially than lateratly (Fig. 2). This distri-
bution is the opposite of that shown in
Figure 1 for the supposcd morphogenetic
factor promoting middle phalanx develop-
ment.

The nature of the morphogenctic factors
determining  epiphysial  differentiation s
unknown. In the long bones of vertebrates,
the most universal, and consequently per-
haps the most primitive, characteristic of
epiphysial differentiation is a layer of flat-
tened proliferating cartilage cells separating
the undifferentiated cartilage at the articular
end of the bone from the shaft. Some degree
of differentiation of such a layer has been
reported in all vertebrates examined, includ-
ing fish (Haines, 1938°). Whether or not
the cartilage of the articular end ossifies, and
whether it ossifies from the diaphysis or from
an independent center, and whether such a
center eventually undergoes osscous union
with the diaphysis are vanable characteris-
tics, The development of separate epiphysial
centers of ossification seems to be a second-
ary specialization mainly confined to mam-
mals, Lutken (1947)% reports that the pre-
sumptive epiphysial and diaphysial parts of
long bones are recognizable in the cartilagi-
nous models in man and other vertebrates by
differences of surface structure, the dia-
physial surface being more definite and
abrupt, while the epiphysial surface grades
off into the surrounding nonskeletal tissue.
Such a difference mght be correlated with
differences in diffusion properties of the two

parts that could nfluence cartilage differen-
tiation,
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Variationes in le Skeleto Digital del Pede

Summario in Interlingua

Es analysate duo independente gruppos
de variationes morphologic del digitos pedal
que es communmente incontrate in subjectos
normal. Le prime gruppo consiste de un
mutualmente correlationate serie de diffe-
renttas que affice le phalanges intermediars,
t.e. phalanges con epiphyses, phalanges con
pseudo-epiphyses, phalanges sin epiphyses, e
absentia de phalanges intermediari. Le se-
cunde gruppo consiste de variationes del
proximal, correlationate con le variationes
conformation del epiphyse in le phalanges
proximal, correlationate con le variationes
del epiphyses 1n le phalanges intermediari
sed non con lor absentia.

Le duo gruppos differe in lor distribution
inter le digitos, Ambes exhibi differentias

de frequentia inter le sexos. Le prime
gruppo es strictemente correlationate con le
longor del phalange intermediar.. Le se-
cunde gruppo es correlationate con le longor
de omne o del majoritate del ossos del pede.
Es discutite le factores ques determina possi-
bilemente iste variationes, Es concludite que
le factores in ambe casos es probabilemente
variabiles continue. Un, concernite con le
disveloppamento del phalange intermediari,
es probabilemente relationate con le un o le
altere proprietate del differentiation de car-
tilagine, occurente ante le segmentation del
digito e determinante le longor del phalange
intermediari. Le altere pare esser concernite
con le differentiation del placa epiphysee.
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The Transverse Tarsal Joint and Its Control

TALOCRURAL

in European usage—permits movement be-
tween the talus and the calcaneus. Although
the area of contact of the body of the talus
with the posterior articular facet of the cal-
caneus lies in a synovial cavity separate
from that which houses the contact areas of
the head of the talus and the calcaneal sus-
tentaculum, they are all integral parts of the
subtalar joint.

The mechanical characteristics of the sub-
talar joint have received the attention of
many competent investigators, whose work
has been climaxed by the more recent inves-
tigation of Manter (1941).° The range of
movement in this joint has been measured
for feet of vatious structure by Close and
Inman (1953).1 The relations of the sub-
talar Joint to the talocrural were summarized
by Elftman (1954).% We shall use the terms
inverston and eversion to describe rotation
about the axis of this joint,

TRANSVERSE TARSAL JOINT

The third member of the family of ankle
joints is the transverse tarsal joint, known
also by the shorter names of mudtarsal and
Chopart, It has yielded its secrets more
reluctantly than have the talocrural and the
subtalar joints, therefore, 1t invites our atten-
tion now.

The transverse tarsal joint lies at the very
heart of many of the problems of the foot,
forming, as 1t does, a clear-cut division be-
tween the calcaneus and the talus behind

TRANSVERSE TARSAL

SUBTALAR

FiG. 1. The major joint sys-
tems of the ankle. The mstan-
tancous position of the axis of
the transverse tarsal joint 1s
represented by an arrow that
originates on the short line
that is perpendicular to both
CC-1 and CC-2, the two axes
of the saddle-shaped calcaneo-
cuboid joint. The talocrural
and the subtalar axes have
their usual posttions. The talo-
navicular axes are not shown.

and the entire remainder of the foot in front.
It is in this joint that normal heightening and
lowering of the arch of the foot takes place.
The terminology that we shall adopt is that
of calling rotation in the transverse tarsal
joint in the direction that raises the arch by
the term supination, rotation in the direction
of a lower arch bemng pronation. These
terms are used in various special ways by
various people, but the general sense is
within the limits of our definition.

Although the cuboid and the navicular
are not completely rigidly attached to each
other, any relative movement between them
is so minor that we are entitled to consider
these two bones as moving together as a first
approximation. This allows us to look at
the ankle complex as a faudy simple kine-
matic chain contaning only three elements:
calcaneus, talus and cuboidnavicular.

It is convenient to use the calcaneus as
the reference (“stationary”) element. There
are two ways in which we can describe the
movement of the cuboidnavicular with re-
spect to the calcaneus. The most direct way
is to record the movement in the calcaneo-
cuboid joint. The other method is more
cireuitous, since it involves combining the
movement of the talus in the subtalar joint
with that of the cuboidnavicular in the talo-
navicular joint. These two methods must
give identical results since they describe the
same movement. In other words, the move-
ment that occurs 1s the onme congenial to
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both joint systems in the positions that they
occupy at the moment,

The structure of the calcancocuboid joint
intrigued Adolph Fick® to the extent thal, in
1854, he made it the subject of a paper on
saddle-shaped joints. A modern interpreta-
tion of this characteristic is shown in Figure
2. The degree of curvature of both aspects
of the saddle vary greatly. However, the cyc
of the connoisscur never has difficulty in
recognizing both axes.

Of the two axes of the calcancocuboid
joint, the onc that is governed by the convex
surface of the caleancus must lic within that
bonc; it is designated CC-1 in our figures. If
it were projected upward, it would pass
through the head of the talus, The other
axis, CC-2, lics in the cuboid bene and is
directed at right angles to the first axis. They
do not lie in the same plane. The shortest
perpendicular distance between these axes is
shown by a linc in Figures 1 and 2, and by
a black disk in Figure 3.

The importance of this line’s representing

the shortest perpeadicular distance lies in
the fact that the resultant movement in the
tranpsverse tarsal joint duc to combincd
movement about the two calcancocuboid
axes must atways be about an axis that
passes through this linc, Such a resultant
is shown in Figurc 1.

Having described the constraints that the
calcancocuboid joint axcs put on the posi-
tion of the resultant transverse tarsal axis,
we can transfer our attention to the subtalar
and the talonavicular combination, which
must also be able to produce the same
movement. In Figure 2, the axis of the sub-~
talar joint is shown. The talonavicular joint,
being condyloid, has two axes passing
through the tafus, the farger radius of curva-
ture belonging to TN-1, the smaller to TN-2.
The detailed measurement of the character-
istics of these joints, including translation
along the subtalar axis, presents a formid-
able problem. M would seem very unlikely
that any normal combination of characteris-
tics would allow the transverse tarsal axis to

Fi6 2. The transverse tarsal
and a supinated one at the righ
normal flat foot can achieve,

the resuitant of both caleaneocuboid

of‘ the two talopavscular axes and the s
this resultant 1s shown in Figure 1. Th
aid sn appreciating the rotations involve

joint is shown in a pronated position at the left
t. In the fully pronated position, which only a

the axis of the convex curvature of th
~CC-1-—coincides with the axis of the m. i

Allowing free movement without involvi

ajor curvature of the talus—TN-]——

ng other axes. In the supinated position
axes must be identical with the resultant

ubtalar. The general direction tahen by
€ contour Jines on the articular surfaces
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F1c. 3. Muscular control of the anhle
joints. The axes are shown for the talo-
crural (TC), the subtalar (ST) and the
proximal and the distal calcaneocubord
jomnts (CC-1, CC-2). The axis of the
transverse tarsal joint wvaries with the
position of the ankle, but it must always
pass through the black disk of the dia-
gram, since 1t represents the perpendrcular
Iine connecting the 2 calcaneocuboid axes
The muscles are represented by circles
that have an area proportional to the
physiologic cross section of the muscle
The positions of the circles reflect actual
measurements of their lever arms with re-
spect to the jomnt axes. In a general way,
this diagram corresponds fo an anatomic
section cut obliquely through the ankle
50 as to be parallel to the joint axes shown.

The muscles should be recognizable
from their position and the mitials that
identify them. Proceeding mn a clockwise
direction, they are TA, ubialis anterior;
EHL, extensor hallucis longus, EDL,
extensor dlgltorum longus, PB, peroneus
brevis; PL, peroneus longus; TS, triceps
surae, FHL, flexor hallucis longus; FDL,
flexor digitorum longus; TP, tibialis pos-
terior

escape the confines of the head of the talus.
The position shown in Figure 1 may be
regarded as typical.

The position of extreme pronation shown
at the left in Figure 2 1s of interest because

the major axis of the talonavicular joint,
TN-1, is dircctly in line with the axis of the
calcaneocuboid joint, CC-1, which passes
through the calcaneus. This allows the fore-
part of the foot to move freely with respect
to the hindpart without movement of the
talus with respect to the calcaneus. The
possibility of doing this is one of the privi-
leges of the flat foot, unattainable by the
average foot with a sustained high arch.

In the supinated position shown to the
right in Figure 2, each of the joint axes
shown must contribute a measure of move-
ment such that the resultant will be con-
genial to the entire system. In passing from
the pronated to the supinated position there
is a continuous change in the positions of
the significant joint elements and, conse-
quently, of the instantancous transverse tar-
sal axis. The mapping of these instantaneous
positions and the translational components
associated with them would be well worth
doing on a series of representative feet.

CONTROL OF THE TRANSVERSE
TARSAL JOINT

The behavior of the transverse tarsal joint
resembles that of all other joints in that the
normal constraints of its movements depend
on the presence of sufficient compression of
the jomnt surfaces so that the movements will
be gwided by the shapes of these surfaces. It
is for this reason that an evaluation of the
biomechanical characteristics of any joint can
be obtained only if it is under slight com-
pression  For the foot this can be accom-
plished by having the subject stand lightly
on the foot while noting the movements that
can be performed by the upper segments
under these conditions.

With the weight of the body on the foot it
is easy to d rate that mo of
the talus can transmit sufficient force to the
transverse tarsal joint to raise the arch with-
out direct muscular interventjon, The casiest
way to demonstrate thes is to stand erect on
one leg and then cause it to sotate by push-
ing against the floor with the opposite foot.
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Rotation of the weight-bearing leg with re-
spect to its footl can be accomplished only
by rotation in the subtalar joint, and this
drives the transverse tarsal joint into supina-
tion.

Direct musenlar control of the ankle
joints is an extremely important factor in
movement as well as in standing. Figure 3
has been constructed so as to furnish an
approximate guide to the capabilities of the
major Jong muscles. The lever arms of the
muscles were determined by direet measure-
ment. Physiologic cross scctions for the
muscles were obtained from Fick (1911).7
While looking over this figure onc is im-
pressed by the extent to which the muscles
are arranged to act as antagonists to gravity.

DISCUSSION

It is interesting to note that little evidence
remains for the position of the transverse
tarsal joint postulated by Fick (1911).7 A
transverse position for the resultant axis was
first suggested by Elftman and Manter
(1941),'% and the results of the present
investigation indicate the sagacity of that
conclusion.

One of the difficulties inherent in under-
standing the foot is the fact that the joint
systems are studied most easily with the use
of some internal element, such as the calca-
neus, as a steady reference point while the
important work of the foot is really done
with the ground as the substrate, It is to be
hoped that the excellent methods of Hicks
(1953)® will continue to pave the way to-
ward more certain conclusions,

CONCLUSION

The transverse tarsal joint can be studied
b~est by considering its calcaneocuboid por-
tion first. The two axes of this saddle-shaped

joint are well defined, and we know that the
resultant movement when we use both axes
at once must involve an instantancous axis
that passes through the perpendicular line
connecting the two calcancocuboid axes; in
man, this passes just below the sustentacu-
lum, The direction of this axis must also
pass through the head of the talus, since it
must also represent the combined rotations
of the subtalar and the talonavicular joints.
With this knowledge concerning the range of
possible positions of the instantancous axis
of the transverse tarsal joint, it is possible to
understand some of the gravitational and
muscular factors that are important for its
control.
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Le Articulation Tarsal Transverse ¢ Su Rolo Functional

Summario in Interlingua

Le articulation tarsal transverse occupa
un Joco strategic in le pede que permitte a
illo dominar Ie relationes inter le parte poste~
rior del pede, i.c. le talo e le calcaneo, e le
remanente elementos del pede anterior. Un
movimento in iste articulation que resulta in
un plus alte arco constitue supination; un
movimento contrari resulta in pronation. Le
clave al comprension del articulation tarsal
transverse €s recognoscer que su axe instan-
tanee debe esser determinate per le movi-
mentos que occurre in le selliforme articu-
lation calcaneocuboide e debe etiam esser in

harmonia con le combination de characteris-
ticas possedite per le articulationes subtalar
e talonavicular, Le axe del movimento tarsal
transverse curre sub conditiones medie in
direction oblique a transverso le calcanco e
Ie capide navicular. Iilo non curre in direction
longitudinal. Le relationes inter le musculos
del cavilia e le articulationes del cavilia pote
esser summarisate diagrammaticamente per
representar le relationes de lor bracios leva-
tori con le axes subtalar, talocrural, e calca-
neocuboide.
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The Mechanics of the Foot
Based on the Concept of the Skeleton
As a Statically Indetermined
Space Framework

SIGFRID ZITZLSPERGER, M.D.*

INTRODUCTION

The functional interpretation of the skele-
ton of the foot as an arch is an old concept.
A review of its history thercon was presented
by E. Abramson (1927).! The old basic
arch concept of the foot still is accepted
today, as recorded in the major textbooks of
the anatomic and the orthopaedic sciences.
No progressive development or refinement
of this arch concept has been made during
the last 50 years; instead, many different
modes of description and interpretation have
been formulated. No agreement can be
found even on such essential problems as
the presence or the absence of a transverse
arch, the bones that make up the individual
arches, the specific bone that can be consid-
ered as the keystone of the arch  This Jack
of agreement indicates plamly the complex-
ity of the problem of a functional interpreta-
tion of the foot skeleton. This complexity
has been expressed by many investigators.

R Frck (1911)3 concludes, “The structure
of the foot 1s such which does not have any
counterpart in the technique.” F. Wood

Jones (1944) says, “Most certainly the

Iongitudinal arch in 1its structure and prin-

ciple is quite unlike any arch ever designed

by architects or engineers.” J. H. Hicks

* The Daniel Baugh Institute of Anatomy, The
Jeflerson Medical College, Philadelphia, Pa,
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(1955)1 states, “The foot is one of the
most complex and highly coordinated mecha-
nisms in cxistence.”

In view of its complexity, it is quite
obvious that a serious challenge to the arch
concept of the foot never can arise through
approaches that neglect minute yet funda-
mental anatomic features, as has been the
casc in the past with the tripod approach or
the treatment of the whole foot as a solid
body (P. Lewin® C. O. Bechtol,® R. L.
Jones®). Secrious modifications of the arch
concept were advanced by J. T. Manter
(1946),7 who recognized the importance of
the intertarsal joints for the mechanics of
the foot. Manter measured the pressures
that occur in the different intertarsal joints.
He concluded that the forces of the body
weight did not simply spread down follow-
ing several pathways but that there was an
arrangement of internal stresses that opposed
the action of external forces. Manter ob-
served “transverse compression” between
the lateral and the medial parts of the foot
and concluded that there was no basis for
dividing the foot functionally into lateral
and medial segments. In Manter’s opinion,
the whole foot structure is involved in
welght—bearing, the raised portion of the
longitudipal arch being of major import,
Manter’s experimental approach gave reli-
able evidence for his modifying ideas but
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did not produce a new functional concept
of the foot structure,

Another approach to test the validity of
the classic arch concept is by assaying
methods that apply rigorously the laws and
the rules of analytic mechanics to the foot
skeleton. In view of the significance of the
intertarsal joints (emphasized by Manter),
these, along with the individual configurations
of the bones, will be considered in the
present analysis of the problem,

THEORY OF METHOD EMPLOYED

The rules and the laws of analytic me-
chanics can be applied most easily when the
foot skeleton is in the static condition; i.e.,
when at rest. In this condition there is an
equilibrium between the external and the
internal forces. The external forces are
those which act from the outside upon the
foot skeleton, Normally, external forces are
the body weight that acts at the talocrural
joint and the force reactions that act at the
metatarsal heads and at the tuber calcaner.
Internal forces are the forces that act within
the skeleton. They resist the tendency of

A GYLINDER

the external forces to push the members of
the skeleton apart and act as forces of con-
tact between the jointed members of the
skeleton. Internal forces are also called
stresses,

Mechanical forces, whether external or
internal, are invisible and traditionally have
been regarded as straight lines that can
either push or pull in reference to one
direction. Forces in structures are distrib-
uted in infinite numbers. In order to be
able to manipulate these distributed forces,
it is customary, in analytic mechanics, to
reduce these to one concentrated force that
is thought of as having all the properties of
its parent forces. The points of application
of such a concentrated force or stress are the
centroids of the area of contact of the body
with another one (Fig. 1A). When this
simplified principle of concentrated stresses
is applied to a bone, its articulating surfaces
are the areas of contact, and the concen-
trated stresses extend between the centroids
of 1its articulating surfaces (Fig. 1B). This
principle is applied to all bones of the foot
skeleton. The result of this application is a

B TALUS

DISTRIBUTED STRESS

CONCENTRATED STRESS

® CENTROID

Fic 1. The concept of distributed stresses and their replacement by a concentrated
stress. The infinte numbers of distributed stresses are reduced for reasons of clanty to

stresses that are recogmzable individually.
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three-dimensional simplified stress structure
that displays the concentrated stresses pos-
sible between the centroids of all articulat-
ing surfaces. The representation of these
concentrated stresses by brass rods, as done
in this investigation, permits the construc-
tion of a model of the simplificd stress struc-
ture of the foot skeleton,

The exccution of such a modet depends

on the knowledge of the spatial positions of
the centroids of the articulating surfaces.
These positions can be obtained by observa-
tion of the following relationships, The
position of the centroid of an articulating
surface in reference to a point on its surface
is a function of the shape of the surface.
The position of the reference point depends
on the spatial oricntation of the bonc, and
its position depends on the bone's relative
place in the foot skeleton. Another physical
principle must be observed for the cstablish-
ment of the individual concentrated stresses.
This principle states that a mechanical force
requires a substrate to act upon. The pres-
ence of bone or cartilage along the course
of a concentrated stress between two cen-
troids is necessary for its establishment, and
the absence of these substrates will prohibit
the existence of a concentrated stress. The
curvatures and the sulci of the individual
bones, as well as the gaps and the recesses
between neighboring bones (strikingly nu-
merous in the foot skeleton), gain a new
functional significance, for these features
determine the existence or the lack of
stresses. Finally, as another simplification,
the male and the female articulating sur-
faces of the joints are being considered as
having a congruent shape, only one centroid
per joint being determined

TEST OF METHOD

The bones of a left foot were glued to-
gether m such fashion that each joint was
adjusted to its median position. Then three
check points were marked on each bone,
and their x, y, z co-ordinates were measured
with an apparatus built specially for the pur-

pose. After the foot skelcton had been dis-
assembled, cach bone was mounted individ-
ually in its relative position within the foot
by adjusting the check points of the bones
to their previously measured co-ordinates.
The next step was to measure the co-ordi-
nates, using again the same co-ordinate sys-
tem, of new reference points marked on
every articulating surface. Then, two photo-
graphic projections of cvery articulating sur-
face of cach bone were made, cach bone
being in its relative position within the foot.
For the sclection of the two plancs of projec-
tion it was a requisite procedurc to have
cach co-ordinate axis represented; i.c., xy
and xz, or yz and yx, or xz and yz. These
photagraphic projections recorded simulta-
neously the directions of the axis of these
planes and a scale. The cnlargements of
these projections of the articulating surfaces
were used for the determination of the co-
ordinates of their centroids by the following
graphic method, adapted from Seely and
Ensign® and shown in Figure 2,

The area of an articulating surface on
such an enlargement was divided into small
stripes of equal width (4 mm.) parallel to
one co-ordinate axis. Then the area of each
stripe was determined. These area stripes,
thought of as having weight, were replaced
by a parallel force system in which the mag-
nutude of each force was equal numerically
to the area of the corresponding  stripe.
These forces act vertically through the center
of the stripe. A force polygon was drawn
from these forces. Then a string polygon
was made that gave a point on the action
hine of the resultant of the parallel force sys-
tem formed by the center lines of the parallel
stripes. The distance of this line from a line
parallel to the above-chosen co-ordinate axis
and through the reference point with its
known position gave, after accounting for
the enlargement employed, one co-ordinate
of the cel:ntroid The other co-ordinates of
the centroid were_determined by dividing the
projection of the joint area in stripes parallel
to the other co-ordinate axis and Tepeating
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Fi1G. 2. Step-by-step outline of the graphic method employed for the calculation of one
co-ordinate of the centroid of an articulating surface. Each new step is drawn n thick lines,

Step 1 The contour of the projection of an articulating surface in the xy plane 1s out-
limed Point A is a checkpoint, the co-ordinates of which were measured.

Step 2. The outlined area 1s divided into stripes of equal width parallel to the x avis
The stripes 1n the drawing were made excessively wide for reasons of clanty.

Step 3. The areas of the indwidual stripes were estimated by multiplying the length of
the dotted center Iine through the stripe with its width

Step 4 In order to perform the force polygon, the values of the areas of the individual
stripes are marked according to scale (a scale of one half was used in the drawmng) on a
line parallel to the stnipes The posttion of the pole can be selected arbitrarily at any point.
Then the rays are drawn from the pole to the points on the Iine marked previously.

Step 5. The string polygon 1s performed by first drawing two lines, parallel to the rays
marking the value 1.7, from the center line of the corresponding stripe (3.4). Then another
line 15 drawn, parallel to the next ray that borders the value 2.35 from the center hine of
the corresponding stripe (4 7). This procedure is repeated until the Iast line 1s drawn to
meet the first line, which gives Point B

Step 6 The Iine D 1s the distance between 2 line parallel to the stripes through Point B
and Point A The y co-ordinate of the centroid can be calculated from its distance D from
Point A, the co-ordinates of which are known by measurement

the whole procedure described. These pro-
cedures were repeated until the co-ordmates
of the centroids of all articulating surfaces
of the foot skeleton had been obtained. The
table on page 51 gives these values. In those
cases in which simple inspection did not
permit 2 safe judgment of the presence or
the absence of bony substance between any

two centroids, a special gadget devised for
this purpose was employed A five-times
linear enlargement was employed for the
models. The spatial positions of all cen-
troids of one bone were established with a
large co-ordinate measuring apparatus built
specially for this purpose and marked in a
template. Then the correct centroids were
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Co-0RDINATLS O THE CENTROIDS O THE ARTICULATING SUREACES OF A LEIT Foot

X ¢ oM. Zecm,
ARTICULATING SUREACL XM, T‘;:i o
9 .96 .
Taloerural ovvviiveiiiviiiiiiiienas 13;)3 P 538
Talonavicular ....... . ‘;.”8 465 16
Posterior talocalcaneal . . . 9.2 630 390
Middle talocalcancal ... e 19‘35 ey T8
Anterior talocaleancal ......... .. l-.;!S 4,50 3
Tuber calcanci, area of contact . 1359 3:7(, 110
Calcancocuboid ....ovovuun.en . ..._’5 o b
Navicular-cunciform I .. L 142 o8 Pl
Navicular-cunciform 11 . ... 1500 e e
Navicular-cunciform 111 ... 1451 S a
Cuboid-cunciform 11 .... ... 1451 P by
Cunciform I-cunciform II .. ... 1598 663 482
Cunciform Il-cunciform HI o 1504 7.]4 3.49
Cunciform I-metatarsal I... s !’6.85 oo 1'10
Head of metatarsal I ... ... 2105 5.97 4.63
Cunciform I-metatarsal 11 . ... 1674 S. . 4.27
Cunciform II-metatarsal 11 ... 1628 6':5;0 0.7;
Head of metatarsal IT ................ 21.40 4. 0 3'33
Cuneiform Ill-metatarsal 11 sup. facet.. 16.14 72 1,45
Cuneiform Ill-metatarsal II inf. facet.. 15.10 4.79 5'33
Cuneiform Iil-metatarsal Il .. ....,,.. 16.26 4.72 0_72
Head of metatarsal IIF . . . . . . .. 2130 5.30 .87
Metatarsal I-metatarsal HI .. ... 1676 4,56 3.82
Cuneiform I1I-metatarsal 1V . . 15.90 3.85 3.00
Metatarsal III-metatarsal IV . . 1644 3.94 3,13
Cuboid-metatarsal IV . 15.53 339 242
Head of metatarsal IV .. . 2120 3.75 0.78
Cuboid-metatarsal V ... . 14.65 2.59 2.17
Head of metatarsal V ... ... 19.90 2,70 0.74
Metatarsal IV-metatarsal V. .......... 15.68 2.82 2.51

connected by brass rods and joined by
solder These procedures were repeated for
the stress structures of every bone. Finally,
the individual stress structures of the bones
were assembled 1n a complete model.

It 1s necessary for the evaluation of the
models to define those characteristics of the
stresses displayed. The characteristics that
determine a force or stress are as follows:

1. The magnitude indicates how hard a
force pushes or pulls.

2. The direction shows whether a force
acts up or down, left or right.

3. The point of application determines
where the force acts.

4. The action line contains the point of
application and is the line along which the
force acts,

The points of application (No, 3) of the

concentrated stresses on the articulating sur-
faces are their centroids. Their positions
were calculated. The rods cdnnecting the
centroids represent the action lines (No. 4)
of the concentrated stresses. The models
display, then, the characteristics of forces
given under No. 3 and No. 4 but do not
furnish information about the magnitude
and the direction of the stresses, The direc-
tion (No. 2) of some of the stresses can be
determined easily and safely by using our
experience with forces in our daily life,
However, this procedure cannot be em-
ployed for any estimation of the magnitudes
(No. 1) of the stresses.

RESULTS

When the presence or the absence of the
concentrated stresses between the centroids
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Fic. 3. Anteromedial view of Model 1 collapsed at Chopart’s joint. Thin rods represeni
the short-range stresses that form the stress structures within the bones. Short, thick rods
represent spacers between bones Chopart’s joint has spring-loaded connections. The
spring between talus and navicular can counteract the weight of the model and thus
mamtain it 1n a normal position. The centroids of the individual joints and areas are
numbered, and their key ts given below. The same key 1s used for the figures of the
other models

(1) Talocrural, (2) talonavicular, (3) antertor talocal 1I; (4) middle talocalk 1
(5) posterior talocal 1: (6) tuber cals ;3 (7) cal boidal, (8) navicular cunet-
form I; (9) navicular cuneiform II; (10) navicular cuneiform III; (11) cuneiform I meta-
tarsal I; (12) cunerform I cuneiform II; (13) cuneiform 1 1 11; (14) iform
II metatarsal 11, (15) cunerform I cuneiform III; (16) cuneiform III sup. facet meta-
tarsal 1L, (17) cunerform I metatarasal III; (18) cunerform III mf, facet metatarsal II;
(19) cuneiform IIT metatarsal 1V, (20) cuneiform III cuboid, (21) cuboid metatarsal 1V;
(22) cuboid metatarsal V; (23) metatarsal II metatarsal III; (24) metatarsal 1II metatarsal
IV; (25) metatarsal IV metatarsal V; (26) head of metatarsal I; (27) head of metatarsal
II, (28) head of metatarsal III; (29) head of metatarsal IV; (30) head of metatarsal V.

was determined, 1t became clear that two
different types of concentrated stresses could
be distinguished, depending on the choice of
the centrords If the centroids are taken

stresses was termed short-range stresses a

the latter ones long-range stresses.
Model 1 (Fig. 3) displays only the sho

range stresses and Model 2 (Figs. 4 & :

from one bone only, the concentrated stresses
possible between 1ts centrords represent the
stress structure of this bone. However, the
centroids can also be taken from different
bones, and concentrated stresses can be
established so long as there 1s a substrate
(bone and cartilage) along their paths. Such
stresses traverse one or more joints and are
part of the stress structure that links the dif-
ferent bones together. The first type of

only the long-range ones; Model 3 (Figs.
& 7} shows simultaneously both types
stresses. An anteromedial view of Model
which is collapsed at Chopart’s joint (tal
navicular, calcaneocuboidal joints), is shov
in Figure 3. The stress structures of tl
individual bones are formed by the thinn
rods and are separated from one another 1
thicker spacers, except at Chopart’s joir
Here the spacers are converted to flexib
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connections, the sipnificance of which v
evplained fater, The only sitex of this moded
where e configuration permity the secogme
tion of remnanty of the lateral and the
maedial arches ate at Chopatt™s jont. Hee
are the only connections, medial and latesal,
betseen the hind part of (he foof, consisting
of talus and caleancus, and the fore part of
the foor. Model 2 <hows enly the tongarange
strewes, A donal siew iy precented in
Figite 4 and an anteramediy) view
Figure 5, The central part of the model
duplays an agglomeration of thete sresses
that extend from the tanometataral joints
1o the anterior and the middle talocalcaneat
foints and to the caleancocuboidal jomt. It
an be abwerved that the stresses radiate
from cach of these Iatter joints to the whole
“idth of the foot at the tarometatarsal level.
Remtiants of a medial and, perhaps, a Tateral
arch are again detectable in the stress con-
figuration. One can recognize a few long-
m“g@ stresses \l\:\l ane :umngcd (Ik)ng Q
medial path, extending from the tber cal-
canti via the talocrural joint to the head of
Metatarsus 1, and other stresses that follow
2 median to fateral path and extend down
from the talocrural joint, not into the head
‘;{/mcmxarsus V but into that of metatarsus
Model 3 displays simultancously the
short- and the long-range stresses. The
Z“r;"fﬂngc. stresses arc represented by the
mes:r stained rods and 'lhc long-range
antcrzs Zy lh.c lighter stained rods. An
an amme ial vicw is shown in Figure 6 and
. erolateral view in Frgure 7. There s
“’:gzt? of stresses in the tarsal region and
of the“f,e paucity of stresses 1n thc‘ hind part
of s ::'Ot« However, the posterior border
medial di:fse' of tarsal strcs§es. is not at the
ViCular) alsmn' of Chopart’s joint (talona-
amerior,and I:;llght .be expected, but at ‘thc
a4 Tatera) e middle tnlocalcar:ncal 1o{nts
I the 4 y at the calca.neacubmdal joint.
Pper and posterior medial half of

the f, . .
0dt there is detectable some orientation

fy N
K

AN

2% 27

s
D,

Fi 4 Dorsal view of Model 2. The
rods represent long-range stresses between
different joints. For key to the numbers
sce Frgure 3.

of a few stresses paralle] to the longitudinai
axis of the foot. Notwithstanding this occur-
rence, the general arrangement of the
stresses does not permut the recognition of
a separate structural medial, lateral or trans-
verse arch. The stress structure of Model 3
has to be defined, in accordance with the



Fic. 5. Anteromedial view of Model 2. The rods represent long-range stresses. For key
to numbers see Figure 3.

Fic. 6 Anteromedial view of Model 3. Dark rods represent short-range stresses, light rods,
long-range stresses For key to numbers see Figure 3.
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e e e e T T

Fic. 7. Anterolateral view of Model 3. Dark rods represent short-range stresses; hght rods,
long-range stresses. For key to numbers see Figure 3.

laws of analytic mechanics, as a statically
indetermined space framework.

INTERPRETATION AND DISCUSSION
OF THE RESULTS

One result of the new method employed
is the emergence of a new concept of a
statically indetermined space framework as
the working stress structure of the foot
skeleton. Another result is the obvious con-
clusion that this stress structure consists of
two different types of stresses. Due to its
complexity, the functional implications of
Model 3 are not readily understood. Ac-
cordingly, it is advantageous to analyze first
some of the functional meaning of the
simpler models, 1 and 2.

Model 1, consisting only of short-range
stresses, was loaded at the centroid of the
talocrural joint. The model collapsed under
the load at Choparf’s joint, and its metatar-

sals became flexed at their tarsometatarsal
connections in a dorsal direction. The
spring-loaded connections at Chopart’s joint
of Model 1 (Fig. 3) enhanced this observed
characteristic and caused this model to col-
lapse even under its own weight. At the
talonavicular joint the forces of action meet;
ie., the body weight, acting through the
stress structure of the talus, and the forces
of reaction, acting through the stress struc-
ture of the navicular. The spatial relation-
ship of these two stress structures (as shown
in Fig. 8A) is such that the resultant force
pushes in a plantar direction. The spatial
relationships of the stress structures of the
cuneiform I-metatarsal I joint are shown in
Figure 8B. It may readily be seen that such
a relative arrangement of neighboring stress
structures provides for an easy collapse of
the joint but not for any stability. Space
prohibits showing how the other joints, as
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TALONAVICULAR JOINT

A RELATIVE POSITIONS OF © SIMPLE BRA
SHORT-RANGE STRESS

STRUCTURES

cES
POSSIBLE THEORETICALLY

E. BRACES FOUND IN
QoEL 3

MEDIAL TARSOMETATARSAL

JOINT

DIRECTION
OF COLLAPSE
..
8 RELATIVE POSITIONS OF “w_ © BRACES FOUND IN
SHORT-RANGE STRESS “s WODEL 3
STRUCTURES N

SHORT-RANGE STRESS

LONG-RANGE STRESS

@ CENTROID

FiG. 8. Modes of the initiation and the counteraction of joint movements by short-
and long-range stresses, respectively. Key to the numbers that represent the centroids of

articulating surfaces: (1) talocrural; (2) posterior talocalcaneal; (3) middle talocalcaneal;

(4) antertor talocalcaneal;
cuneiform 1I, (8) lar fi

(5) talonavicular; (6) navicular cuneiform I; (7) navicular
m III; (9)

£

'm I cunetform II; (10) cuneiform

1 metatarsal 11, (11) cuneform I metatarsal I; (12) head of metatarsal I

the calcaneocuboidal and the remaining tar-
sometatarsal, are also prone to collapse,
some more, some less, due to the spatial
relationships of the stress structures involved
in these joints. It is apparent then from
Model 1 that the arrangement of the stress
structures involved in certain jomts, espe-
cually the important talonavicular one, is
tesponsible for the imtiation of movements
in these joints that Jead to their collapse. In
the event that these working principles of
Model 1 prevail, then excessive Joads would
be put upon the higaments n order to pre-
vent the collapse of the foot structure. How-
ever, since ligaments stretch under excessive
loads, as clamed and shown clinically, no

the foot structure considered anatomically
can be given,

The description of the long-range-stress
Model 2 deals with the peculiar distribution
of stresses that radiate from each of the
anterior and the middle talocalcancal joints
and from the calcaneocuboidal joint to the
entire width of the distal part of the tarsus
The presence of many of these stresses is
made possible solely because the bony sub-
stances of many of the “irregularities” on
the plantar aspect of the foot skeleton pro-
vide a substrate for the stresses. These
“irregularities,” for which no functional
meaning in relation to tendons and liga-
ments is known, have received a new func-

guarantee of a permanent of

tional ficance. A readily deduced func-
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Fio. 9. Bracing function of
long-range stresses that counter-
act_ collapsibility, induced by
short-range  stresses, of - tarso-
metatarsal joints 11-V.

B. COLLAPSED CONDITION

TARSOMETATARSAL JOINTS II-V

A, NORMAL CONDITION

NAVICULAR~= CUNEIFORM JOINT

INTERME TATARSAL JOINT
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C. BRACE SUPPLIED BY LONG-RANGE STRESS

SHORT-RANGE STRESS

® CENTROID

tion of the radiating long-range stresses
mentioned above is the distribution of loads
from each of the three joints to the width
of the tarsus. This same arrangement of
stresses also permits the distribution of loads
from any one metatarsus to all these three
joints. These functions substantiate Man-
ter’s observations of the “transverse com-
pression” of the tarsus and of the “involve-
ment of the tarsal bones in a general trans-
verse direction of the foot in weight bearing.”
No other functions can be deduced from a
structural analysis of Model 2.

A general working principle comparable
with that of Model 1 cannot be established
for Model 2. A possible reason for this
surprising lack of working principle of the
long-range-stress Model 2 could be the fact
that the existence of these stresses is second-

ary to that of the short-range stresses. By
definition, long-range stresses are those
which traverse two or more bones, each of
which contains its own short-range-stress
structure. This essential dependence of the
long-range stresses on the short-range ones
could also extend to the respective functions
of these stresses. Accordingly, the question
of the interaction between the two types of
stresses is raised, and the answer to it may
provide a working principle of Model 2.

In Model 1, the spatial oricntations of the
short-range-stress structures of the bones
involved in the formation of tarsometatarsal
joints II to V were responsible for their
tendency to collapse. The centroids of these
joints move during a collapse in a plantar
direction, thereby forcing the metatarsals
into a position parallel to the ground plane.
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These movements cause a dorsally obtuse
angulation between the tarsus and the meta-
tarsus and entail also a shortening of the
distance between the centroids of the inter-
metatarsal joints and those of the navicular-
cuneiform joints. A schematic representa-
tion of these conditions is shown in Figure
9A and B. Here it can readily be seen that
a brace placed between the centroids of an
intermetatarsal and a navicular-cunciform
joint (as shown in Figure 9C) will prevent
the collapse of the tarsometatarsal joints.
This theoretically predicted barrier against
collapsibility of the tarsometatarsal joints 11
to 1V actually is present in Model 3. The
gray-colored long-range stresses that act as
braces between the navicular-cuneiform and
the intermetatarsal joints are shown in Fig-
ures 6 and 7. The geometric figures of tri-
angles formed by the concentrated short-
and long-range stresses are shown in Figure
8. The arrangement 1s a simple trusslike
one, because the triangles of Figure 9 all lie
in one plane, as required by the classtc defi-
nition of a truss, Model 3 displays also tri-
angles that are formed by the short-range
stresses within the cuneiforms and the meta-
tarsals and those formed by the long-range
stresses between the intermetatarsal and the
navicular-cunciform jomnts, Since all these
triangles lie in different planes and are
Jomned at the centroids, the arrangement can
no longer be called a simple trusslike one
but must be defired as a space framework.
Such a space framework of all stresses pos-
sesses highly complex and fine interactions
between its indivaidual parts. However, this
observation does not alter the concept of
bracing of the metatarsals by long-range
stresses  The implication 1s that the bracing
action 1s not a stmple one but a highly com-
plex action exerted through a space frame-
work of stresses In conclusion, it can be
said that the stabilization of the tarsometa-
tarsal joints II to V is effected by the simple
device of bracing. The most basic and, in
engineering technic, most often used con-
figuration of stresses—the triangle—is uti-

lized for the bracing action. But these tri-
angles are utilized to establish a complex
space framework. Even though a detailed
quantitative analysis of the working of the
space framework involved was not under-
taken, one can reasonably be assured that
such a complex stress mechanism would be
capable of producing the finer phases of
adaptation of the metatarsals to their differ-
ent positions observable in the living foot.

The precarious configuration of the short-
range stresses that meet at the cuneiform
I-metatarsus I joint and the latter’s inherent
instability have already been mentioned.
Several triangles formed by the stresses are
in functional association with this joint, as
shown in Figure 8C. The general supporting
function of these long-range stresses can be
deduced from Figure 8C. The actual sup-
porting action is more complicated, because
these triangles are, again, part of a space
framework.

The 1nstability of Chopart’s joint in
Model 1 was emphasized. The collapse of
its talonavicular division causes (as can be
deduced from Figure 8A) a decrease of the
distance between the centroids of the talo-
crural joint and those of the navicular-
cuneiform joints. The prevention of this
decreasc by braces (as shown in Figure 8D)
between the afore-mentioned centroids will
stabilize the joint in a fashion similar to that
observed for the talometatarsal II to V
joints. Indeed, long-range stresses of Model
3 exert bracing actions, but they are ar-
ranged in a different manner from that pre-
dicted. According to prediction, only the
centroids of the navicular-cuneiform I and
navicular-cuneiform Il joints are braced to
the centroid of the talocrural jont. Addi-
tionally, the centroids of the navicular-
cunerform II and 111 joints are both braced
to the centroids of the anterior and the
middle talocalcaneal jomnts (Figure 8E).
The centrord of the navicular-cuneiform III
joint has a separate brace to the calcaneo-
cuboidal joint, thus linking the two divisions
of Chopart’s joint.
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The other division of Chopart's joint—the SELF~LOCKING WEDGE MECHANISM

calcancocuboidal joint—had also colln.pscd
in the weight-loading experiments described.
But, surprisingly, no long-range stresses
could be detected in Model 3 that could be
interpreted as posscssing real :}nd direct
bracing actions or an action similar lo }hc
one found at the cunciform-metatarsus 1 joint.

This first analysis of the interactions be-
tween the two types of stresses indicates that
the long-range stresses supplement and
counteract the actions of the short-range
stresses. The device of a bracing mechanism
was used to stabilize the tarsometatarsal 11
to V joints and the talonavicular joint, More
extensive and more efficient bracing mecha-
nisms could be devised theoretically for
these joints and also for the calcancocu-
boidal joint that did not possess any bracing
mechanism. However, the configurations of
the bones did not permit these devised
mechanisms to operate as they should have.
The importance of Chopart’s joint and of the
cuneiform I-metatarsus I joint for the integ-
rity of the foot gives rise to the speculation
that there still may be other protective
mechanisms at work.

The long-range stresses, according to their
definition, traverse joints, and it is this char-
acteristic on which another protective mech-
anism is based. One long-range stress ex-
tends from the talocrural joint to the head
of metatarsus I and traverses navicular-
cuneiform I and cuneiform I-metatarsus T
joints. This long-range stress transmits
downward parts of the body weight that
then is met by its force of reaction at the
head of metatarsus I or at any other location
along the extent of this stress. The navicular
and cuneiform I bones, being sandwiched
between talus and metatarsus I, are squeezed
and kept in their position by these forces of
action and reaction. It is an action similar
to the onc used by a person moving as a
solid mass several books from one shelf ta
another one. If the books are squeezed hard
enough, no book will slip out during the
transfer. ‘This squeezing action is not limited

A TECMNICAL BELF-LOCKING WEDGE

I FORCEY OF ACTION

l FORCES OF REACTION

® ABOYE PRINCIPLE APPLIEDTO BONES OF THE FOOT

Fia. 10. Self-locking wedge mecha-
nism. The wedges of “A™ cannot be driven
out even by largest magnitudes of the
forces of action and reaction.

to the long-range stress just described. Any
other long-range stress that traverses the
joints will also effect this action. A closer
observation of Model 3 reveals that there
are 19 such stresses for the talonavicular
joint, 7 for the navicular-cuneiform I joint,
6 for the calcaneocuboidal joint, and so on.
All joints possess this Pproperty of being
crossed by long-range stresses except those
which connect the lateral and the medial
parts of the foot; ie., cuneiform II-cunei-
form II, cuneiform I-metatarsus H, meta-
tarsus Il-cuneiform 11, metatarsus I-meta-
tarsus III, cuneiform HI-metatarsus IV, It
seems significant that the Iargest number of
the protective traversing long-range stresses
are found at the most labile joint of the foot;
viz., the talonavicular joint. The fact that
these stresses have all different directions,
some decidedly, others only slightly, differ-
ent from each other, leads to the speculation
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that this arr may be cc d with
the protection of the joint at different posi-
tions,

The principle underlying this squeezing
action is an old one and is known in me-
chanics as that of the self-locking wedge.
This is a wedge that under certain conditions
will not slip out under its load. Figure 10A
shows such a device, and Figure 10B shows
the application of this principle to some
bones of the foot skeleton. Figure 11 pre-

L~__, . " Ry

sents a demonsteation of this principle, pro-
ducing what might appear to be a “mechani-
cal impossibility.” The surfaces of the three
individual pieces of hard wood within the
clamp were sanded smoothly. The pieces
are pressed together as tightly as possible by
the clamp. The weight suspended on the
“inverted keystone” amounts to 4,500 Gm.
On a wedge used in simple technical applica-
tions the surfaces thereof are plane. How-
ever, the “wedges” formed by many bones

o -

Fi6 11 A “mechamcal impossibility” produced by the self-locking wedge mechanism
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possess curved surfaces. This attribute n‘nd
the changing positions of the bones relative
to cach other not only complicate future
detailed analysis but also may produce some
modifications of this sclf-locking principle.

An analysis of the interactions between
short- and long-range stresses made on some
major joints revealed the following modes
of interaction: the bracing type, the utiliza-
tion of the basic clement of the trusses, the
triangle in a space framework and the device

possessing superfluous members; i.c., more
members than arc necessary to do a certain
job, cach member carrying smaller loads an(‘L
therefore, being lighter in structure. This
finding substantiates the often-cxpressed
opinion that the skeleton of the foot is rela-
tively light for its task. The space frame-
work of the foot is also a more complicated
one than those used in the technical world.
These arc constructed for one particular
function only, as the stability of a radio

of a scif-locking wedge. ingly, then,
there is no common mechanism for all joints
since each joint has its own functional mech-
anism for specific nceds. The individual
long-range stresses also  possess multiple
functions exerted simultancously. They dis-
tribute weight from one side of the foot to
the other, they link up with other stresses
(short or long ones) to form bracing mecha-
nism, and they traverse joints, thus partici-
pating in action of the self-locking wedge.
The knowledge of the functions of the
short- and the long-range stresses warrants
a concept about the simultaneous establish-
ment of the two seemingly incompatible
properties of the foot, its resiliency and its
stability. The short-range stresses are re-
sponsible for the resiliency, as they initiate
movements of the joints in the direction of
the “give” that 15 observed in the living foot.
The long-range stresses are responsible for
the stability, as they counteract and control
the destructive tendencies of the short-range
stresses. The two types of stresses are initi-
ated by the loads of the body weight and
are present simultaneously. It is the inter-
play of these stresses that produces the
simultaneous existence of resiliency and sta-
bility. Undoubtedly, however, this simple
concept will have to be modified after more
pertinent detailed studies have been made.
The simple concept outlined is far better
considered anatomically than the rather
vague explanations 1n current textbooks.
The stress structure of Model 3 was clas-
sified as a statically indetermined space
framework. It is defined in mechanics as

transmission tower, or an air frame, or the
weight-carrying ability of a modern bridge.
The space framework of the foot, however,
can perform two scemingly incompatible
functions of resiliency and stability.

Hicks (1955)* advanced the concept that
the plantar aponeurosis through its tie action
was the essential structure for the establish-
ment of the foot structure. In view of the
importance of this concept, the relation of
the plantar aponeurosis to the stress me-
chanics presented will be considered. The
long-range stresses shown in Figure 10 exert
the sclf-locking wedge function on the navic-
ular and the cuneiform I. The body weight
acts as a force of action along this stress,
and it has at the metatarsal head a forward-
pushing component that tends to move the
head forward. If jts friction with the soft
tissues and with the ground is insufficient,
the metatarsus will slide forward. This slid-
ing makes inactive the forces of reaction on
which the self-locking wedge action depends,
and the short-range stresses will collapse the
structure. It was shown by Hicks that the
plantar aponeurosis was under tension dur-
ing weight-bearing and, therefore, was neces-
sary for the fixation of the metatarsal heads.
Hicks’s concept of the plantar aponeurosis
acting as a tie between calcaneus and meta-
tarsal heads can be expanded. The plantar
aponeurosis ensures the effective interplay
between short- and long-range stresses and
the self-sus(aining functions of the latter.

The stress models present a new concept
of the mechanics of the foot skeleton. They
are also capable without further detailed
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analysis of explaining some clinical phenom-
ena. A fracture of the calcaneus occurs
easily in persons standing in falling cle-
vators or jumping from great heights. The
sudden deceleration puts enormous loads on
the foot. Model 3 shows that there are only
four short-range and two long-range stresses
in the calcaneus. All these stresses converge
to the small area between the lateral and
the medial tubercles. This arrangement does
not permit a distribution of the loads in a
multidirectional way, The immense magni-
tudes of the stresses produced by the sudden
deceleration are concentrated upon the few
converging pathways in the calcaneus. This
concentration causes strains of such magni-
tudes that the bone breaks. Another clinical
experience is that the crushabulity of the foot
is greater from lateral to medral side, or vice
versa, than from the anterior to the poste-
rior side, Models 2 and 3 (Figs. 6 & 7)
show that the long-range stresses run in
varying degrees obliquely to the longitudmal
axis of the foot, forming an arrangement
that resembles a lattice. The external forces
that act from the lateral to the medral side
tend to squeeze these oblique stresses paral-
Iel to the longitudinal axis. This movement
can be compared with the closing of an
extension lattice gate in which the crossed
stripes assume a more vertically nclined
position when closed The long-range-stress
arrangement does not produce great resist-
ance to the external forces directed laterally
and medially. However, when the external
forces act from the anterior side, they be-
come distributed over the whole width of
the foot according to the arrangement of the
long-range stresses Accordingly, a spread-
ing of the foot could be induced but no
squeezing together of its parts The meta-
tarsus IT 1s known to be the most stable one.
Model 3 confirms this anatomic finding and
conclusion of clinical experience by reveal-
g 13 short-range and 2 long-range stresses
within this metatarsus, the largest number
within any metatarsus

This observation helps to explain phe-
nomena assoctated with the shortness of the

first metatarsal, which characteristic was
advanced by Morton (19528 and earlier) as
a causative factor for the “fallen metatarsal
arch” with consecutive transfer of a larger
amount of body weight to the second meta-
tarsal, The resistance of the metatarsal II-
cuneiform II joint against collapse by such
increased weight-bearing loads can be read-
ily understood with the aid of the models.
The many short-range stresses distribute the
loads to all the articulating surfaces at the
base of the second metatarsal. The two
long-range stresses exert the self-locking
wedge effect across its articulation with the
second cuneiform. Its intermetatarsal joints
are braced, as described, by long-range
stresses against the navicular-cuneiform II
and III, the cuneiform IlI-cuboid and the
metatarsal IV-V joints Other long-range
stresses, already described in connection
with Model 2, transmit loads from the base
of the second metatarsal to the middle and
the anterior talocalcaneal joints and to the
calcaneocubordal joint. These Jong-range
stresses traverse the cuneiform II and III
bones and therr articulations with the navic-
ular, The self-locking wedge effect is thereby
brought into play on these latter joints, and
the two cuneiform bones are made more
stable in their place. An experimental short-
ening of the first metatarsal of the skeleton
used for this investigation would eliminate
the bony continuity for the long-range stress
between the head of the first metatarsal and
the middle talocalcaneal joint. The ehmma-
tion of this long-range stress extending be-
tween the pomts No 3 and No. 12 of Figure
7C reduces the supportive trusslike arrange-
ment for the cunerform I-metatarsal 1 joint.
Studics on foot skeletons with a genume
short first metatarsal are necessary to con-
firm or modify this hypothesis

As evidenced in this mvestigation, the
application of a new method to an old prob-
lem revealed a newer concept of the foot
skeleton workmng as a statically indetermined
space framework. Its mechamics are strik-
ingly unique, as was surmised by the earlier
investigators quoted n the introduction,
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Anatomically comsidered, the new coneept
provides a better explanation and under-
standing of the most diverse and perplexing
characteristics of the foot; viz., its resiliency
and stability. With the new concept, some
clinical phenomena now can be more readity
understood and explained. Finally, it is quite
obvious that the new concept poses many
new problems, with the result that the me-
chanics of the flat foot, the pes talipes and
the different positions of the talonavicular
joint and of the ligaments will have to be
testudied with the aid of this new approach.

REFERENCES

1. Abramson, E.: Zur Kenntnis der Mechanik
des Mittelusses, Scandinav, Arch. Physiol.
51:175, 1927,

2, Pt 0D T SREIN

3. rich, R.: Handouch der Anatomie und

Mechanik der Gelenke, vol. 3, p. 645,
Jena, Fischer, 1911,

4. Hicks, 3. H.: The foot as support, Acta
anat, 25:34, 1955,

5. Joncs, R, L.t The functiona) significance
of the declination of the axis of the sub-
talar joint, Anat. Ree. 93:151, 1945,

6. Lewin, P.; The Foot and Ankle, ed. 3,
p- 53, Philadelphia, Lea & Febiger, 1947.

7. Manter, I. T.: Distribution of compression

forces in the joints of the human foot,

Anat. Rec. 96:313, 1946.

Morton, D., and Fuller, D. D.: Human

Locomotion and Body Form, pp. 96 and

97, Baltimore, Williams & Wilkins, 1952,

9. Secely, F. B., and Ensign, N. E.: Analytic
Mechanics for Engineers, ed. 3, p. 161,
New York, Wiley, 1941

10. Wood Jones, F.: Structure and Function
As Seen in the Foot, p. 251, Baltimore,
Williams & Wilkins, 1944,

11, Zitzlsperger, S.: A model of the human
foot bascd upon the static forces of the
weight distribution in the standing posi-
tion, Anat. Rec. 130:468, 1958.

x

Le Mechanica del Pede, Basate Super le Concepto del Skeleto Como un
Staticamente Non Determinate Structura Spatial

Summario in Interlingua

Le validitate del ancian conception del
skeleto del pede como essentialmente un
arco es testate per le application del metho-
dos de mechanica analytic. Le principio
sumplificatori de iste methodos es le reduc-
tion del distribuite tensiones, que age inter
le superficies articulatori del ossos, a wn
schema de tensiones concentrate. Le puncto
de application del fortia de un tension con-
centrate al superficie articulatori es su
centroide Su position con respecto a un
systema de coordmatas applicate al total
skeleto del pede pote esser calculate per
medio de un methodo graphic. Le represen-
tation del tensiones concentrate per barras
metallic permitte le construction de simplifi-
cate modellos del tension in le skeleto del
pede  Duo differente typos de tension pote
esser differentiate. Tensiones vicinal es
active solmente intra le ossos individual,
Tensiones di-tantial transversa duo o plure
0s50s ¢ un o plure articulationes, Esseva

construite modellos representante le ten-
siones vicinal, le tensiones distantial, o
tensiones de ambe typos. Experimentos con
cargas de ferro in tal modellos permitte le
deduction que le structure de tensiones vici-
nal tende a collaber al sitos de su articula-
tiones in le direction del resilientia natural
del pede. Iste tendentia es supplementate e
contratiate per le tensiones distantial que se
servi pro iste objectivo de un mechanismo de
consolas, transversos, ¢ cuneos a blocage
automatic. Le combinate structura tensional
del duo typos de tensiones non resimila un
sitnple arco conventional sed Tepresenta un
staticamente non-determinate structura spa-
tial. Es stipulate como hypothese que le
structura del tensiones vicinal es responsa-
bile pro le resilientia del pede e le structura
de tensiones distantial pro su stabilitate.
?lure phenomenos clinic pote esser explicate
immediatemente per iste nove mechanica,

Del altere Iatere, illo subleva multe nove
problemas.



AP RG LI L Pl

8

The Pathomechanics of

Peroneal Spastic Flac Foot

%

Tom OuTLAND, M.D.}
and
IaN D. MurpHY, M.D.}

A renewed interest in the subject of pero-
neal spastic flat foot has been apparent in
both American and British literature since
publication in 1948 of an article by Harris
and Beath* that gave promise of solving the
puzzling nature of this disease. They de-
scribed a new radiographically demonstrable
tarsal anomaly—talocalcaneal bar—in most
of their cases and focused attention again
on the earlier articles by Sloman'® and
Badgley,! who had found calcaneonavicular
bar in association with rigid or spastic flat
feet. Subsequently, in 1955, Harris® de-
scribed incomplete talocalcaneal bar that
could not be shown by radiographs but
resulted i spastic flat foot and could be
demonstrated at operation. In 1955,5? two
more tarsal anomalies were found to be asso-
ciated with peroneal spastic Rat foot; ie.,
calcaneocuboid bar and posterior talocalca-
neal (trigonal) bar, Since in each of these
five instances a bar occurred at a site at
which tarsal ossicles appeared, at times 1t
was tempting, if not entirely plausible, to
assume that fuston of an ossicle to two
tarsal bones resulted 1n the bar.

In view of the foregoing, it seemed that
it was possible at last to generalize regarding
the etiology of 1diopathic (ie., nonrheu-
matic) spastic flat foot by stating that tarsal
anomalies produced by fusion of an ossicle

* From the State Hosprtal for Crippled Children,
Elizabethtown, Pa

+ Harnisburg, Pa
$ Santurce, Puerto Rico

to two or more contiguous bones could so
upset the mechanics of the foot as to pro-
duce a rigid or spastic flat foot. Theoretic
objections to this concept have been ad-
vanced by several authors, and, more impor-
tantly, cases of spastic flat foot not involving
anomalies that could be produced by tarsal
ossicles have been found. To date, the fol-
Towing conditions have been implicated:
1. Congenital
A. Tarsal anomalies

a. Intertarsal bridges, possibly medi-

ated by an accessory tarsal bone

(1) calcaneonavicular bar

(2) anterior talocalcaneal bar
(talosustentacular)

{3) calcaneocuboid bar

{4) postertor talocalcaneal bar

(5) malformation of the sustenta-

culum or of the talus that acts
as a block to motion
Tarsal synostoses due to incom-
plete segmentation
(1) combined anterior and poste-
rior talocalcaneal synostosis
(2) combined tarsal and phalan-
geal (hand) synostosis
(3) calcaneocuboid, talosustentacu-
lar and postertor talocalcaneal
synostosis and scoliosis
¢. Anomaly of the scaphord
B. Osteochondrodystrophy (Morquio’s dis-
ease)
2. Acquired
A. Gallie subtalar arthrodesis (Harris)
B. Tuberculosts of tarsus (Jack; Howorth)
C. Rheumatoid arthritis mvolving the tar-
sus
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fi6, 1. Changes at
the talar head character-
istic of congenital form
of peroncal spastic flat
foot.

Fi. 2. Calcancona-
vicularbar withbeaking

D. Ostecarthntis superimposed on a
burned-out rheumatoid arthritis (Jack)

E Nonspecific tarsal synovitis (Howorth)

F  Trauma (Jack; Howorth)

G. Occupational strain (Jack)

While some of these may be of question-
able authenticity or may represent unrecog-
nized tarsal anomalies, elimination of the
doubtful ones still leaves a considerable
number of such apparently unrelated condi-
tions that it seems tmpossidle to find a com-
mon denonunator for them. The task is not
made easier by the fact that certain of these
conditions may always produce a rigid but
asymptomatic foot while others may produce
a painful foot accompanied by peroneal

Fi6. 3. Calcaneanavicular bar without
beaking.
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spasm on one side and, perhaps, a symptom-
less and to the patient a normal foot on the
other. The “normal” foot may or may not
eventually become painful.

It is our belief that the key to the solution
is to be found in the characteristic radio-
graphic changes seen at the head and the
neck of the talus in spastic flat feet (Fig. 1).
With some of the conditions listed as etio-
logic factors, these changes are not seen,
and, while the feet are rigid, pain and pero-
neal spasm do not occur. With others—
notably calcaneonavicular bar (Figs. 2 & 3)
—the changes may or may not be present,
and the feet may or may not be sympto-
matic. In the case of the talosustentacular
bar and the posterior talocalcaneal bar, in
our experience the changes are always seen
and in general are of greater magnitude than
when associated with other anomalies From
these facts it becomes apparent that a dis-
tinction must be made between nigid flat feet
and peroneal spastic flat feet. Rigid flat foot
may be only a stage in the evolution of
spastic flat foot, or it may exist and persist
as a clinical entity.

NATURE OF THE CHANGES AT
THE TALONAVICULAR JOINT

Most recent authors have commented on
the radiologic changes found at the talar

F16. 4. Osteoarthritis of ankle
and tarsus ‘The jomnt spaces are
thin and their margins sharp-
ened. The spur at the talar head
is small.

head and neck and, to a lesser degree, at
the upper proximal articular margin of the
navicular, These have been designated vari-
ously as “beaking,” “lipping” or “spurring.”
By direct statement, or by implication, they
have been regarded as evidence of a Jocal-
ized osteoarthritis. However, it should be
remembered that osteophyte formation is
only one of the radiographic manifestations
of degenerative arthritis. Smyth® lists the
early findings as follows (Fig. 4):

1. Narrowing of the joint space (due to
thinning of the joint cartilage)

2. Sharpening of the articular margin

3. Formation of bony spicules and osteo-
phytes at the margin of the joint

4. Slight tilting of one bone on another
because of irregularities along the bony joint
surfaces

5. Atrophy of disuse at the ends of the
bones 1n some cases.

Judged by these standards it is apparent
that the so-called beaking at the talac head
is not a manifestation of arthritis (Fig. 5).
The inordinate size of the spur, 1ts existence
alone without other signs of arthntis, or its
early rather than late appearance if other
manifestations of arthritis are present is
evidence of this. Moreover, the spurring oc-
cupies a constant dorsal position and 15 not
distributed about the circumference of the
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joint, as is usually the case in ns}conrthritis.

In a previous issue of Clinical Orllfa-
paedics® we called attention to the peculiar
anatomic relationship between the calcancus
and the navicular, Though these bones do
not articulate, they are held in constant r?lxx-
tionship by two relatively substantial liga-
ments; ic., the plantar calcanconavicular
and the calcanconavicular portion of the
bifurcated ligament. Therefore, the subtalar
and the midtarsal joints must work syn-
chronously. For the navicular to glide dor-
sally over the head of the talus, the calea-
neus must first move forward on the talus,
With subtalar motion eliminated by a talo-
calcancal bar, the navicular exerts pressurc
on the talar head and molds it into charac-
teristic shape.

Study of ciné-flucrographic films showing
dorsiflexion-plantar flexion motions in a nor-
mal foot and in a foot that has had subtalar
fusion has been made possible by the cour-
tesy of Dr. George Ramsey and his asso-
ciates at the University of Rochester. In
dorsiflexion of the normal foot, the calcaneus
can be seen to glide forward on the talus to
an appreciable degree until checked pre-
sumably by the capsular ligament. Then,
very near the end of the dorsiflexion move-
ment, an upward gliding motion is scen,
both at the calcaneocuboid joint and the
talonavicular joint, and, finally, the wide
upper portion of the navicular moves slightly
cephalad on the talar-head. In the foot with
subtalar fusion, gliding motion at the mid-
tarsal joint gives way to hinge motion, In
full plantar flexion, the joint fissures of the
midtarsal joint widen superiorly and narrow
inferiorly, m dorsifiexion, the reverse is true,
and, in addition, the sharp upper edge of the
navicular impinges on the head of the talus.
If one could think of the talar head as
having a plastic consistency—as indeed it
has before ossification—it is .easy to visual-
ize the remodeling, or reshqpilig, that occurs.
Anything that interferes- with talonavicular

Fic. 5. Molding changes. The joint
space is wide and smooth. The spur is
inordinately large.

motion, whether it is a tarsal ossicle that
fuses to form a bar, a tarsal anomaly pro-
duced by failurc of segmentation or one of
the several acquired conditions previously
referred to, will produce this. Abnormalities
that do not seriously affect this motion by
preventing or substantially reducing subtalar
motion—for example, calcaneonavicular bar
—~cause only slight interference, merely the
motion that normally is permitted between
the calcaneus and the navicular by the cal-
caneonavicular ligaments being lost. If the
bar is incomplete (a synchondrosis or syn-
desmosis) or the bar ossifies late, no altera-
tion in the shape of the talar head may
occur, and, at worst, the changes will be
relatively slight. In the congenital case, the
Temodeling begins early in life, but, since
the talus is represented at that time by a
bony nucleus surrounded by a thick rind of
cartilage, Toentgenograms are negative (Fig.
6, top). Ttis only when ossification is nearly
complete that the typical beak is apparent
radiographically (Fig. 6, bottom).

While, as noted before, practically every
spastic flat foot shows changes of some de-
gree at the talonavicnlar joint, not every foot
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showing such changes is a peroneal spastic
flat foot. Thus, it seems logical to state that
the molding changes in the talar head are
not, in themselves, responsible for peroncal
spasm, and some additional factor must be

sought. In a previous article® we illustrated
a case with bilateral talocalcaneal bar with
marked molding changes. Both feet were
rigid, but only one side was painful and
exhibited peroneal spasm. On this side, in

Fic 6, Casec G.S (Top) At 9 years
synostosts The talar head 1s round, since osstfication 1s incomplete. (Botrom)
At 13 years Ossification 1s nearing completion, and the characteristic molding
changes now are apparent.

Cal lar and talocal 1
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addition to the beaking, there were thinning
and ireegulatity of the taknavicalar joint; in
other words, definite evidence of degenerative
arthritis. The implication iv clear; ic.. in
many, but not all, cases the remodeled
talonavicular joint undergoes degencrative
changes and becomes painful, and peroncil
spasmt ensues, Qr, in tare instances, acute
trauma to which the abnormat alonavicular
joint must be particularly susceptible may
result in a painful joint and  peroncal
spasm, though no changes at the talar
head are scen roentgenographically.  The
roentgenograms of sech a case are shown in
Figure 7, This paticnt, a girl of 11 years,
had been treated conservatively (rest, physi-
cal therapy and a full metal arch support)
for several years, In spite of this, she had
recurrent bouts of pain and spasm to the
point at which the mother insisted on defini-
tive treatment. A triple arthrodesis was car-
ricd out, and the bone and the cartilage from
the excised talonavicular joint was submitted
for examination, The report, in part, was as
follows;

Adjacent to these arcas with minor deviation
from ‘the normal, one chcounters at one point

an area of bone thickening with increased cel-
lulanty suggesting a repair process, and at

F16. 7, G W, age 1) years

anather point a break in continuity of the sur-
face dayer with crowding of the spicules and
ibrosis hetween them. 1n the fibrotic layer
there is also evidence of new bone formation
with osteoid spicules infiltrating the fibrous tis-
sue. There is not much inflammatory cell infil-
trate at any point. The picture is suggestive of
u process of injury and repair,

PERONEAL SPASTIC FLAT FOOT
WITHOUT BONE ANOMALY

The foregoing ignores the fact that Jack,”
Blockley® and others have reported cases
without demonstrable radiographic abnor-
mality. However, when one recalls the facil-
ity with which cveryone misscd such an
obvious lesion as talosustentacular bar until
Harris and Beath reported it, the bald asser-
tion that a radiograph is negative will hardly
be accorded great weight,

Harris has already given partial answer to
this problem in his description of minor
variations in the structurc of the talosusten-
tacular joint that are not demonstrable radio-
graphically but interfere with tarsal motion
and can be visualized at operation.

Another type that may be more common
than supposed and easily missed in roent-
genographic studies is ustrated by the fol-
lowing case:

There is a calcanconavicular bar. The foot was

painful, and there was peroneal spasm, No changes are scen at the talonavicy-

lar joint,
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S. N, female, aged 18 years, candidate for
nurses’ training school, was examined on
une 14, 1956 She had no complaints referable
o her feet. On grasping the rght heel, the
alcaneus could be moved freely on the talus

in the dircction of inversion and eversion. On
the left side no such motion could be demon-
strated, the hind foot appearing to be ngid.
Roentgenographic examination i the Jateral
projectton was reported to be negative except

Fic 8, Case SN. (Top) There are molding changes at the ta}onavicular

joimt No bar 1s seen  (Bottom, left) The Joint ﬁssures. are ‘There is
a thin plague of bone bridging the talosustentacular [ w, right)

Changing the position of the x-ray
does not ehimenate 1t.

e
.-
v

the * - 7 - but
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N

Fic. 9 An artificial plaque constructed on
a dred artreulated sheletal foot.

for hpping at the talenavicular joint (Fig. 8,
10p) The postenior oblique view was reported
to be negatve {Fig. B, botrom, left). Careful
study of these roentgenograms shows that the
jomt fissures of the talosustentacular and the
posterior subtalar jomts ate, in fact, open and
well formed. However, there appears to be a
thin plaque of bone bridging the talosustentac-
ular joint medally. It 15 not the wsual broad
bar. It was the radiclogist’s opinion that it was
some bony prominence lywg asterior to the
joint that gave the illusion of a thin bar, Mul-
tiple roentgenograms were taken with the x-ray
tube in vapous positions, while the width of
the shadow could be changed, it could not be
elmtnated mn any projection {Fig. 8, bottom,
righty It seems that this is a variant of the
1alosustentacular bar similar to Johr Hunter's
specimen of talocalcaneal bridge reported by
Harris and Beath” Confirmation of this was

Fic. 10. Roentgenogram of the artificial
plaque.

obtmned by attaching a beef-bone plaque of
appropriate size and shape to the medial aspect
of the talosustentacular joint of a skeleton (Fig.

9). The radiographic appearance 55 identical
{Fig. 10).

There is little reason to doubt that if this
tesion is at all common, it is missed by the

average radiologist without special interest
in this subject.

A third type of significant anomaly that

might be overlooked is illustrated by another
case.

P. O, male, aged 16 years, was examined
on July 6, 1959. He stated that he had had
painful feet for the preceding 6 years. His
symptoms were aggravated by walking and
relieved by rest. The left foot was much worse
than the xight, and there was obvious spasm
of the Lateral roentgenograms
showed rather marked molding chanees at the
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talonavicular joint, the beaking being greater
on the left foot. In the posterior oblique pro-
jection, the right foot showed a bony talosus-
tentacular bar (Fig. 11, left). The left foot
exhibited no such anomaly (Fig. 11. right).
However, the talosustentacular joint fissure was
oblique rather than horizontal in direction and
somewhat thin and irregular. There is no rea-
son to doubt that the altered shape resulted in
altered function. Yet a radiologist unfamiliar
with the postertor oblique view (and many are)
might well report the roentgenograms as “neg-
ative.”

In view of the foregoing, it seems not
unreasonable to believe that variations of
anatomy in radiographically “inaccessible™
locations in the tarsus may explain many of
the “normal” feet.

THE ORIGIN OF PERONEAL SPASM

The exact mechanism of peroneal spasm
remains a mystery. Most, but by no means
all, authors believe it to be reflex muscle
spasm, There is little agreement as to the
site of the stimulus that produces the spasm
and no adequate explanation of its confine-
ment to the peroneals and, rarely, the toe
extensors and the anterior tibial muscles.

With the discovery of the talocalcaneal
bar as the most frequent anomaly associated

with spastic flat foot, it would seem that a
painful subtalar joint could be eliminated
as a site, since a complete bar prevents
motion there. The finding of molding
changes at the talonavicular joint as a con-
stant accompaniment, though not the cause
of spastic flat foot, strongly suggests this
structure as the site or origin. If it could
be shown that the sensory innervation of
this joint was through the superficial pero-
neal nerve, which also supplies the peroneal
muscles alone, a logical explanation would
be at hand. Unfortunately for the theory,
the rather meager factual material pertain-
ing to this indicates that the talonavicular
joint is supplied by the deep branch of the
peroneal nerve, and, from the standpoint
of gross anatomy, this scems likely. How-
ever, there is no great accumulation of ana-
tomic data to establish this point definitely.
Furthermore, is not double innervation a
possibility, a few twigs from the superficial
peroneal nerve reaching the arca of beaking
and subsequent wear-and-tear changes even
though the deep branch supplies most of the
joint? 1t is by no means impossible that
subsequent investigation may prove the ex-
planation of this puzzling phenomenon to
be as simple as that.

=
Tt

Fio 11, Case P.O. (Left) Left foot, There are pain and peroneal
spasm The talosustentacular jomt 15 abnormal, but there 1s no bar
(Right) Right foot There 1s a complete bat. The foot is asymptomatic.
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SUMMARY AND CONCLUSIONS

1. The recent tendeney to regard tarsal
anomalics produced by fusion of tarsal os-
sicles to contiguous bones as the sole cause
of idiopathic peroncal spastic flat foot is not
justificd.

2. Numcrous congenital and acquired
conditions have been implicated.

3. A distinction must be made between
rigid and spastic flat foot. Rigid flat foot
may be one stage in the cvolution of spastic
flat foot or it may exist as a clinical entity.

4. The effcet of all authenticated causes
of spastic flat foot is to prevent gliding of the
navicular over the talar head in dorsiflexion.
Those conditions that eliminate subtalar
motion are most potent in this regard.

5. The characteristic beaking of the talar
head, found in all spastic and in some rigid
flat feet, is a molding change and not evi-
dence of arthritis. In congenital cases, this
occurs early but is seen radiographically
only with well-advanced ossification.

6. The onset of peroneal spasm in a
previously rigid foot is due either to prema-
ture arthritic changes in the talonavicular
joint or to trauma to which the abnormal
joint 1s particularly susceptible.

7. The exact mechanism of peroneal

spasm remains a mystery. A possible expla-
nation is proposed, though factual data to
support the theory is lacking.
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Le Patho-Mechanica de Pede Plan Peroneo-Spastic

Sununario in Interlingua

Le etiologia de pede plan peroneo-spastic
es un mysterio depost longe tempore. Le
constatation de cinque anomalias tarsal in
association con ille condition ha suggerite
le plausibile these que il es ille anomalias
que affice le mechamsmo del pede e resulta
assi in ngide e a vices spastic pedes plan.
Tamen, un considerabile numero de condi-
tiones tanto acquirite como etiam congenite
que ha nihil a facer con anomalias tarsal ha
etiam  essite mentionate como factores
causal,

Le elemento commun in omne 1ste condi-
tiones pare esser que illos exerce un effecto
super le motion subtalar e talo-navicular,

Omne causa que restringe iste motion, spe-
cialmente le motion subtalar, resulta in un
remodulation del capite e del cervice talar
e produce le characteristic profilo del capite
talar in le roentgenogramma lateral. Isto
occurre in rigide sed non-spastic pedes plan
© es semper presente in pedes plan del typo
peroneo-spastic. Le conversion del rigide in
un spastic pede plan pare resultar ab penose
stimulos que ha lor origine in le articulation
talo-navicular como effecto de alterationes
degeneratori o de un trauma acute.

Le mechanismo precise del spasmo pero-
nee e de su (usual) restriction muscular es
non ancora establite,
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talonavicular joint, the beaking being greater
on the left foot. In the posterior oblique pro-
jection, the right foot showed a bony talosus-
tentacular bar (Fig. 11, left). The left foot
exhibited no such anomaly (Fig. 11, right).
However, the talosustentacular joint fissure was
oblique rather than horrzontal in direction and
somewhat thin and irregular. There is no rea-
son to doubt that the altered shape resulted in
altered function. Yet a radiologist unfamiliar
with the posterior oblique view (and many are)
might well report the roentgenograms as “neg-
ative.”

In view of the forcgoing, it seems not
unreasonable to believe that variations of
anatomy in radiographically “inaccessible”
locations in the tarsus may explain many of
the “normal” feet.

THE ORIGIN OF PERONEAL SPASM

The exact mechanism of peroneal spasm
remains a mystery. Most, but by no means
all, authors believe it to be reflex muscle
spasm. There is little agreement as to the
site of the stimulus that produces the spasm
and no adequate explanation of its confine-
ment to the peroneals and, rarely, the toe
extensors and the anterior tibial muscles.

With the discovery of the talocalcaneal
bar as the most frequent anomaly associated

with spastic flat foot, it would seem that a
painful subtalar joint could be eliminated
as a site, since a complete bar prevents
motion there. The finding of molding
changes at the talonavicular joint as a con-
stant accompaniment, though not the cause
of spastic flat foot, strongly suggests this
structure as the site or origin, If it could
be shown that the sensory innervation of
this joint was through the superficial pero-
neal nerve, which also supplies the peroneal
muscles alone, a logical explanation would
be at hand. Unfortunately for the theory,
the rather meager factual matenal pertain-
ing to this indicates that the talonavicular
joint is supplied by the deep branch of the
peroneal nerve, and, from the standpoint
of gross anatomy, this seems likely. How-
ever, there is no great accumulation of ana-
tomic data to establish this point definitely.
Furthermore, is not double innervation a
possibility, a few twigs from the superficial
peroneal nerve reaching the area of beaking
and subsequent wear-and-tear changes even
though the deep branch supplies most of the
joint? It is by no means impossible that
subsequent 1nvestigation may prove the ex-
planation of this puzzling phenomenon to
be as simple as that.

Fic. 11, Case PO. (Left) Left foot. There are pain and peroneal
spasm. The talosustentacular joint js abnormal, but there 1s no bar.
(Right) Right foot There 1s a complete bar. The foot 1s asymptomatic.
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SUMMARY AND CONCLUSIONS

1. The recent tendency to regard taesal
anomalics produced by fusion of tarsal os-
sicles to contiguons bones as the sole cause
of idiopathic peroncal spastic flat foot is not
justified.

2. Numerous congenital and acquited
conditions have been implicated.

3. A distinction must be made between
rigid and spastic flat foot. Rigid flat foot
may be one stage in the evolution of spastic
flat foot or it may exist as a clinical entity.

4. The cffect of all authenticated causes
of spastic flat foot is to prevent ghding of the
navicular over the talar head in dorsiflexion.
Those conditions that ecliminate subtalar
motion arc most potent in this regard.

5. The characteristic beaking of the talar
head, found in all spastic and in some rigid
flat feet, is a molding change and not evi-
dence of arthritis. In congenital cases, this
occurs early but is seen radiographically
only with well-advanced ossification.

6. The onset of peroneal spasm in a
previously rigid foot is due either 1o prema-
ture arthritic changes in the talonavicular
joint or to trauma to which the abnormal
joint is particularly susceptible.

7. The exact mechanism of peroneal

spasm remains a mystery. A possible expla-
nation is proposed, though factual data to
support the theory is lacking.
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Le Patho-Mechanica de Pede Plan Peroneo-Spastic

Summario in Interlingua

Le etiologia de pede plan peroneo-spastic
es un mysterio depost longe tempore. Le
constatation de cinque anomalias tarsal in
association con 1lle condition ha suggerite
le plausibile these que il es ille anomalias
que affice le mechanismo del pede e resulta
asst in rigide ¢ a vices spastic pedes plan.
Tamen, un considerabile numero de condi-
tiones tanto acquirite como etiam congenite
que ha nihil a facer con anomalias tarsal ha
etiam  essite mentionate como factores
causal.

Le elemento commun 1n omne iste condi-
tiones pare esser que illos exerce un effecto
super le motion subtalar e talo-navicular,

Omne causa que restringe iste motion, spe-
cialmente le motion subtalar, resulta in un
remodulation del capite e del cervice talar
e produce le characteristic profilo del capite
talar in le roentgenogramma lateral. Isto
occurre in rigide sed non-spastic pedes plan
€ es semper presente in pedes plan del typo
peroneo-spastic. Le conversion del rigide in
un spastic pede plan pare resultar ab penose
stimulos que ha lor origine in le articulation
talo-navicular como effecto de alterationes
degeneratori o de un trauma acute.

Le mechanismo precise del spasmo pero-
nee e de su (usual) restriction muscular es
non ancora establite,
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Dynamic Posture in Relation to the Feet

BECKETT HoworTH, M.D., MED. Sc.D.

Posture should be considered as the sum
total of the positions and the movements of
the body throughout the day and throughout
life. It should include, not only the funda-
mental static positions in lying, sitting and
standing, and the variations of these posi-
tions, but also the dynamc positions of the
body in motion or in action, for it is here
tha: posture becomes most important and
most effective. Posture has a direct relation
to the comfort, the mechanical efficiency and
the physiologic functioning of the individual.

ANATOMIC CONSIDERATIONS

The structural foundation of the foot con-
sists of the 12 tarsal and metatarsal bones.
The toes contain 14 small bones, 2 pha-
langes in the big toe and 3 in each of the
others. The bones of the foot are so arranged
as to give maximum flexibility and power, in

Fi6. 1, Tracing from roentgenogram of nor-
mal foot showing the principal bones and themr
hips. Note } dinal arch formed
by first metatarsal, inner cuneform, navicular,
talus and calcaneus, (Howorth, M Beckett, et
al . A Textbook of Orthopedics, Philadelphia,
Saunders)

addition to their chief function of supporting
the weight of the body. The ligaments bind
the bones together and maintain their rela-
tions when the foot moves to its various
extreme positions. These positions vary with
the lengths of the ligaments, which have no
power of contraction, are not subject to vol-
untary control and do not stretch appre-
ciably except under continued or repeated
strain, The muscles of the foot control its
positions and motions and supply its power.
Their tendons serve not only as attachments
but also as reinforcement for the ligaments.
The tendon of the peroneus longus in par-
ticular, passing under the metatarsus, serves
to strengthen the transverse arch by acting
as a sling or bowstring.

The circulation of the foot is important to
its putrition and muscle action, but, because
the foot is dependent, far from the heart and
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osteoarthritis, but varies much with the
relaxed type of club foot.

There is no arch in the ball of the foot,
all the metatarsal heads touching the ground
and bearing weight about equally except the
first, which, being broad, bears about twice
the weight of the others. Actually, the sesa-
moids carry the weight to the first metatarsal
head. As the heel rises and more weight
goes on the ball of the foot, the longest
metatarsal head bears more weight. This
may be the first or the second. If the effect
is excessive, a callus will develop under the
abused metatarsal head. The transverse arch
is formed actually by the bases of the meta-
tarsals, or the cuneiforms, the cuboid and
the fifth metatarsal; it is incomplete, its inner
pillar being the longitudinal arch. This
transverse arch does not “fall” unless the
longitudinal arch first relaxes. There has
been much misunderstanding regarding the
transverse arch.

Antertor tibial
tendon

Posterior tibial tendon
and synoviol sheath

Medial malfealus

ond bursa

Locinate lig

Extensor hallucis
s m

Insertion anterior
tibial tendon

insertion abductor  Flexor hallucis

haltucts tendon

tongus tendon

THE INFANT FOOT

The infant is born with little or no arch
but with well-developed ligaments, and the
bones of the foot, although just beginning to
ossify, are well formed in cartilage. He has
been exercising the muscles of his feet and
legs in utero for several months before birth,
He moves the feet and the legs continuously
while awake and soon learns to push his feet
against the crib or pull them against other
resistance, so that he gets resisted exercise.
Reciprocal motion, compacable with that of
walking, is characteristic of lus normal move-
ments. When about 4 months old, he begins
to use the feet for turning over, and soon
afterward he uses them for balance in sitting
and for propulsion. At about 9 months of
age he begins to creep or to stand and not
only increases the exercise of the feet but
also subjects them to the effects of weight-
bearing. If the arches and the muscles are
developing properly and his legs are straight,

Tibia ”

Flexor
digitorum
longus m

Celcaneus
tendon
{Achilles)

Flexor
haitucrs
tongus mn

Flexor digitorum longus
tendons

Fic. 4 Tendons of the nght foot, medial aspect These tendons mvert the
foot, whereas the anterior tibial also dorsiflexes the ankle; the posterior tibial
and toe flexors plantar-flex it (Howorth, M "Beckett, ef al.. A Textbook of
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Plantarts m

Fibular
collateral lig

Tendon of
biceps fem m

Patella

o, Deep infrapatellar
4 N\ é burso
L

Mead of fibula

Fi6. 7. Superficial muscles
and tendons of the right leg,
lateral aspect. The peroneal
muscles largely surround the
fibula (“os peroneus”), the
longus and the brevis everting
and plantar-flexing the ankle,
but the small tertius acts as a
dorsiflexor, (Howorth, M.
Beckett, er al.: A Textbook of

Gastrocnemius Orthopedics,  Philadelphia,
m, lat head — Saunders)
' —Tibighs ant. m
Soleus m
Peroneus longus m. \ { . Extensor hatlucis
longus m
Extensor digitorum
Peroneus brevis m ongus m
Transverse lig
Lateral malleolus
and bursg Cruciate lig,
Extensor
Calcaneus tendon digitorum
brevis m

Peroneus longus
tendon

soles that remain flat transversely, but they
should not be nigid, especially at the ball of
the foot The uppers usually should be of a
strong leather such as calfskin; a high shoe
often 1s preferable at this age because it is
less likely to be removed or kicked off and
gives a Iittle added protection to weak
arches. As the child becomes heavier and
more active, the shoe should be more strongly
built, with a welt sole

The infant w.lks alone at about the age
of 14 months, but there is constderable vari-
ation, depending npon the weight and the
agility of the ch..d and the development of

Peroneus brevis
and terhus tendons

the legs. He walks with a wide base, with
quick, stamping steps, often almost running,
However, he turns poorly, often falls when
he tries to turn, and finds even low steps
difficult or impossible to climb. At about 2
years, the nfant can turn fauly well and
negotiate low stairs. During the second year
he may be helped by bemg taught to walk
with his feet straight forward and his weight
forward on steps or sloping surfaces.

Weak arches may be protected with
rubber scaphoid pads in the msteps of the
shoes and with wedges in the sole under the
instep to level this portion of the sole with
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the spring heel. Exercises rcqu.iring strong
muscle contraction and activitics such as
pedal-pushing and climbing \.vill help to
strengthen the muscles supporting the arch,
Babics arc born with slightly bowed legs,
which gradually reverse in the sccond or
third year and commonly become knock
knees. Many babies are born with an inter-
nal or an external torsion of the tibias, some-
times of the femurs or the hips, and occa-
sionally there is external torsion of one leg,
internal torsion of the other (see Fig. 21).
Sometimes the torsional positions, probably
secondary to position jn utero, arc accom-
panied by contracture of the hip adductor
muscles on one side, occasionally of both.
Usually, these torsions will become perma-
nent if they are not corrected in infancy.
The most important factor in maintaining
the torsion is the slecping position of the
infant. Most babies in the United States are
trained to sleep prone: in this position the
torsion is maintained by the weight on the
legs. The torsion can be corrected by the use
of a Denis Browne splint, with the legs
turned in the opposite position, worn regu-
larly for several months except when the
baby is awake and most active. In the
meantime the infant can be taught to sleep
on his back or his side. Gentle but fre-
quently repeated manual stretchings against
the deformity may also be employed. Mild
bow legs in a young infant, unless there is
an active bone disease such as rickets or
scurvy, will correct spontaneously. Knock
knees, especially if moderate or marked, are
much less likely to spontaneous correction,
Knock knees are commonly associated with
weak arches, often with poor posture. The
treatment of knock knees and weak arches
include posture correction, with a firm, fiat
be.d, proper chair, proper shoes with appro-
priate corrections and exercises for the feet
and the legs. If these measures are not
successful, by the age of 9 or 10, stapling of
ﬂ"l)ilt medial femoral epiphyses may be advis-
able.

The 3 year old has become fairly adept at

Peroneus
longus m.

Common

Tibia peroneal n,

Fibula

Tibialis
anterior m,
Extensor

digitorum
longus m.

Tronsverse
crural
lig.
Cruciate lig.
Extensor
hlot:llrlila?.llss - Extensor
5 digitorum
brevis m.

Fic. 8. Superficial muscles, anterior
aspect of left leg. The anterior tibial 1s
the powerful dorsiflexor of the ankle,
aided by the long toe extensors (and the
peroneus tertius). It acts strongly in
lifting the foot for jumping and walking
upstairs or uphill. (Howorth, M. Beckett,
et al.; A Textbook of Orthopedics, Phila-
delphia, Saunders)

walking and running and even at jumping
and going up and down stairs. The well.
co-ordinated 5 year old is proficient in all
activities and usually is a good climber.

STATIC POSTURE

Static posture is inactive Pposture or pos-
ture at rest without anticipated action, It
includes the standard positions for lying,
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sitting and standing, and the varjations of
these positions, relaxed or under tension,
The Lying Posture. Lying may be con-
sidered the most fundamental human pos-
ture, since it usually occupies more hours
of the day than any other. However, it has
many variations. One may lie on the face
or the back; in both cases the position is
fundamentally the same, with the body ex-
tended and the legs rolled inward or out-
ward, the feet dropped. On the side, the
hips and the knees usually are flexed; the

spine may also be flexed. The positions of
the extremities are changed frequently during
sleep, and the body usually is turned at inter-
vals. In any case, the lying position should
be one of ease and comfort, permitting com-
plete relaxation. Usually this is achieved
more easily on a firm, flat bed rather than
a soft, saggy one. Little attention to the
posture of the feet is required in lying, except
to avoid binding the feet down with the bed-
clothes.

The Sitting Posture. The sitting pos-

FiG 9 (Left) Front of the leg and dorsum of foot, with foot strongly
wverted and dorsiflexed The anterior tibal muscle and tendon can be clearly
seen throughout its course, the tendom, held down by the transverse and the
cruciate hgaments, standing out 1n front of the ankle medially and passing 1o
its msertion 1n the medial cuneiform and base of the first metatarsal It can be
felt as well as seen (Howorth, M. Beckett, ef al.: A Textbook of Orthopedics,
Philadelpha, Saunders) (Right) Lateral aspect of the leg and the foot, with
foot strongly dorsiflexed and everted The peroncals are everting the foot,
the anterior tibial, toe extensors and peroneus tertiis dorsiflexing; the toe
extensors, especially the hallucis, d the phal ] joints.
The contracing muscles can be seen (and felt) along the fibula,




Fig. 10, Infant weak nrch.cs.
with marked pronation. The in-
fant is attempting to correct with
the right foot by adducting and
gnpping with the tocs. Walking
barcfoot, or with flimsy shoes,
or standing on sagging surfaces,
tends to stretch the ligaments and
weaken rather than strengthen
such feet. (Howorth, M. Bechett,
et al.: A Texthook of Orthope-
dics, Philadelphia, Saunders)

ture is next in importance to most pcople
because of the large number of hours many
of them spend sitting and because of the
bad effects of poor sitting posture, The
basic sitting position should be with the
head and the trunk erect and centered over
the pelvis or tilted slightly forward, with a
medium or a slight lumbar arch, with the
hips, the knees and the feet flexed at a right
angle. Like lying, the sitting position is
subject to considerable variation, dependins
both on the person and on the chair iq
which he sits. The chair should fit the size
and the shape of the individual, with a seat
depth equal to the length of the thighs, thus
giving them good, even support and a heiglu
equal to the length of the legs below the
knee, so that the feet rest evenly on the floor,
A higher chair causes the feet to dangle.
Sitting on the floor or in bed is usual]y
awkward and tiring to those accustomed 73
siting in a chair, Sitting with the legs ex-
tended is usually uncomfortable becanse of
tension in the hamstring muscles and the
tendons in front of the ankle with the feet
dropped. Sitting with the legs to one side
soon results in discomfort in the foot that
is underneath, and sitting with the e,
akimbo is soon uncomfortable to both fees,
The latter position, however, is probably
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most comfortable and least harmful to the
posturc of the average individual,

The Standing Posture. The standing
position may best be thought of as a basic
position from which frequent changes are
made rather than a position held continu-
ously or rigidly. This basic position has
certain ideal characteristics. The feet should
be squarely placed‘ parallel, arches up. The

Fie. 13. (A) Ordinary
flat desk or table: impos-
sible to sit comfortably
erect for reading or wrt-
ing, trunk badly slumped.
(B) Uptilted desk or board.
good posture much easter
to mamtain, (C) Sitting
on floor legs extended
with hamstrnings stretched,
pressure on heels, arms
usually used as props, tend-
ency for trunk to slump
unless hamstrings are long, C
very difficult to sit erect.

(D) Knees and hups flexed,

spine slumped, weight on buttocks and heels,
dorsiflexors stretched (E) Legs to one side,
spin¢ curved and twisted, opposite arm used
as prop, weight on outer side of under foot.
(F) Legs akimbo, spine slumped, pressure on
buttocks and outer side of feet, 1t 15 easier
to sit 10 this position than in positions C to E
(Howorth, M. Beckett FTAMA 131:1398)

Fies 12 and 13, Sitting postures. Fig. 12.
(A) Erect posttion, correct chair which fits the
lengths of thighs and legs; spine and trunk erect
and in balance centered over hips; weight dis-
tributed evenly on the entire thigh and sole of
the foot. An armchair of this type is even
better, as it supports the arms too (B) Chair
too high: feet dangle, too much pressure on
thighs just above knee; tendency for trunk to
slump. (C) Chair too low and shallow: weight
concentrated on buttocks may cause coccygo-
dynia; trunk slumped, chest and abdomen com-
pressed. (D) Chair too soft, low and deep:
weight on buttocks and sacral region; trunk
slumped. (E) Chair too low and deep: legs
drawn up beneath thighs, trunk and spine
curved and twisted. (Howorth, M. Beckett:
J.AM.A. 131:1398)

body should be vertical and essentially
straight when seen from the side as well as
from the back. The vertical line should pass
through the ear, shoulder, hip and ankle.
The physiologic spinal curves should be
slight, the pelvis level and the chest open.
The feet and the knees should be directed
forward, and the arches should not sag. The
body should achieve its full height i this

@

F
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Fig. 14. Standing posture. (A)
Ercet, good posture, side view:
head, shoulder, hip, knee fmd
ankle in good vertical align-
ment; chest comfortably open,
shoulders relaxed, abdomen flat,
slight lumbar lordosis; see H.
(B) Poor posture, usual type:
head and pelvis shifted forward,
forming long S curve as viewed
from side; thoracic spine stooped,
chest flat or sunken, breasts sag.
abdomen protrudes, pelvis tilted
forward; weight back on heels;
the common posturc with high
heels. (C) Exaggerated crect
posture, tense and tiring: head
and shoulders forced back, chest
raised forcibly, abdomen “suched
in,” arms and legs rigid, circula-
tion slowed. (D) Posture of
obese person: abdomen large and
protruding, throwing body out of
balance forward, compensated

{1

by sway back, forming long C curve of trunk as seen from side; increased strain on lumbar
spine. (E) Posture of pregnancy, similar to obesity, but more transient. (F) Posture of high heels,

second type: hips and knees flexed, lumbar lordosis increased, butto

chs protruding; first type

suntlar to B. (G) Large breasts pull upper thoracic spine, head and neck forward, flatten chest.
(H) Ercct posture, front view: legs straight; see A. (I) Posture of knock knces, fect pronated

also. (J) Posture of bowlegs, feet

pronated for compensation. (K) Poor posture caused by low

doorway. (L) Poor posture caused by low stairway. (Howorth, M. Beckett: J.AM.A. 131:1398)

position, with a feelng of tallness, the top
of the head pulling away from the soles of
the feet.

The weight should be slightly more on
the heels, although with expected forward
movement the weight should shift toward
the balls of the feet. Shifting the weight
backward or forward alters the refiex effect
on the muscles, and for simple standing the
best reflex muscle tones are attained in the
former position, whereas for anticipated
forward movement the tones are better with
the weight forward. Better lateral balance
1s secured by separating the feet and the legs
sideward. With the feet together the adduc-
tor muscles are relaxed and the abductors
are active When the feet are separated
farther than the hips, the adductor muscles
become active, and the abductors relax.
Sumilarly, with the feet together the pero-

neals are more active, and with the feet
separated activity shifts toward the tibial
muscles. Fore and aft balance is better
with one foot advanced; with the heel down
this tends to stretch the calf of the rear leg,
the anterior tibial muscle of the leg in front.

The basic standing position is varied con-
stantly during standing for comfort and for
purposeful movements. The weight may be
shifted toward one leg or the other, or back-
ward or forward, allowing stretched or tense
muscles or ligaments to relax. The body in
motion tires less easily than the tense and
rigid body. Good posture should be com-
fortable, without effort or tension, It js a
matter of learning to control the positions
of the body and to bring its various parts into
line and balance without tensio

Certain individuals are tens
active (hypertonic) muscles, c:

n or rigidity.
e, with over-
ausing abnor-
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mal pulls by the stronger and more tense
muscles, affecting not only posture but also
performance. Others are “muscle bound”
with short, strong muscles and hgaments
that cannot be fully stretched out, also affect-
ing posture and performance. Still others
are “relaxed” because of hypotonic muscles
and elongated ligaments with joints that
extend too far. Weak arches and knock
knees are a common manifestation of such
relaxation,

POOR POSTURE

Poor standing posture is characterized by
a forward movement and tilt of the pelvis,
with an increased lumbar lordosis, thoracic
round back and flat chest. The knees flex,
the abdomen sags and protrudes, the chest
flattens, and the shoulders, head and neck
are advanced. The height is diminished,
and the body as seen from the side forms a
long § curve. It is as though man, having
attained the erect position, is now trying to
continue backward until he reaches a reverse
position on all fours. The feet are directed
outward, but pronated, and the arches are
relaxed. This is the position so valiantly
strived for 1n recent years by fashion photog-
raphers and models, nearly all ahke, except
that the gils always pose with their mouths
open as though trying to catch something!

Causes of Poor Posture. Certain factors
tend to prevent good posture: fatigue, Jack
of sleep, emotional depression, malnutrition,
laziness The corpulent abdomen throws
the body off balance, the upper part of the
trunk 1s thrown back to mamtain balance,
resulting m a sway-back posture and back
strain. Late pregnancy tends to produce the
same effect, but the effect is short ltved (see
Fig. 14). The self-conscious tall person
may assume poor posture to reduce his
height or to avoid striking his head against
low doorways or stairways High heels tend
to throw the weight forward, this effect may
be counterbalanced by swaying the back
1nto a posttion of poor posture, or by flexing
the knees and the hips, throwing back the

buttocks. Either of these positions is
be uncomfortable and fatiguing as w
unsightly. With high heels, which arn
narrow and closer to the balls of the
balance is poor, the peroneal and the
muscles work overtime, the antenior ti
stretched, and the calf muscle gradually
tracts and shortens. A contracted calf
to increase any tendency to weak a
There are various other unhappy effe
high-heeled shoes.

Effects of Poor Posture. Poor pe
is assumed because it is the easiest and
natural position of the person at the m¢
he assumes it, and it provides relaxatio
rest for certain muscles and for the bo
a whole. It is basically a “letting g
response to the effects of gravity.
continuous or habitual poor posture
really harmful. Bad posture overstre
some of the muscles and ligaments, r¢
others and allows the stronger or the st
ones to contract further, increasing the
effect. Poor posture reduces the ciréul
locally and generally, diminishing the m
olism and the efficiency of the cells an
tissues, inducing drowsiness and slug
ness. The physical and emotional attitu
one of depression. Backache, leg and
pain are frequent symptoms of poor pos

Posture Correction. The starting ;
for posture correction 1s usually with the
and shoes. It is impossible to have
body posture with poor foot posture
poor shoes. The first step is to acqu
pair of strongly built, well-fitted oxfor¢
a proper foundation for the weight of
body. This 1s even more important il
arches are weak or the person 1s heavy
very active on his feet Scaphoid pad
wedges are added if advisable. Next,
mdividual 1s taught to stand with feet sqt
directed forward, and arches up to a no!
position. This should become his new I
True arch strengthening exerctses are
and followed diligently. Unless there
structural deformty of the spine, the ¢
easy. The pelvis is brought back into
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Fi6. 15. Dynamic posture. (A)
Basic dynamic position for walk-
ing: stight crouch, stight flesion
of hips, hnces and ankles, with
trunk tilted forward slightly. (B)
Walking, first phase: advancing
leg extended, opposite arm flesed.
(C) Walking, sccond phase:
weight shifting to forward foot,
rear hnee slightly flexed, leg
swinging forward. (D) Walking,
third phase: rear leg reaching
extended front leg, arm swing-
ing back,

(E) Basic dynamic position,
crouch increased for walking
rapidly or on slippery surface,
or up or down hill. (F} Same,
walking rapidly or on slippery
surface.  (G) Same, walking
upstairs: weight mainly on for-
ward leg  (H) Same, walking
uphill: heels down, reducing
effort for calf, but increasing
effort for quadriceps  muscle;
impossible with contracted calf,
(1) Same, walking uphill: heels
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up, reducing effort for quadriceps but increasing effort for calf muscle as well as tendency to slip
back. (J) Climbing ladder: arms above shoulders, weight shifting to upper leg, hips and trunk
well back for better vision and weight thrust; see N.

(K) Walking down steps, first phase. moderate crouch, weight forward, one foot descending
to step below, upper foot occupying whole step. (L) Walking down steps, second phase: same,
but weight gaing on front leg on lower step; safest and most flexible position. (M) Walking
downhill: moderate crouch, weight forward, entire sole on ground, reducing tendency to slip.
(N) Descending ladder: position of dynamic posture; hands move down first, then trunk, finall
foot; hips, trunk and head well back for better vision, weight thrust and balance. (Howorth, M.

Beckett: JLA.M.A. 131:1398)

with the ankles and the shoulders, the chest
opened, the head and the neck stretched
upward to full height, the lumbar spine flat-
tened. The subject should have a proper
bed and chair. It may also be necessary to
correct faulty hygiene or nutrition, lack of
steep and other causes of fatigue. Exercises
for the trunk muscles, including the stretch-
ng of contracted muscles and the strength-
ening of those relaxed, such as sagging ab-
dominals, are of great importance. Appro-
priate sports are fitted into the program.
f)flm. the psychological care of the patient
15 as important as the physical. Posture con-
scm\fsne.ss must become an jmportant part
of his life until correct habits are acquired,

DYNAMIC POSTURE

Definitions and Basic Principles. Dy-
namic posture is posture in motion or in
action or in preparation for action. It in-
cludes the transitions between the static posi-
tions of lying, sitting and standing and such
activities as walking, running, jumping,
climbing, pushing, lifting, dancing, swim-
ming, work and play. Dynamic posture
mncludes the uses of the upper extremities
and the trunk as well as the legs and the
feet, and the relationships between the vari-
ous parts of the body mn action. The feet
play an important part in many of these
activities. The common denominators of
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dynamic posture are essentially the same
whatever the activity, Dynamic posture
should not be limited to specific sports or
activities but should be understood and
applied to all our activities throughout our
lives.

Good dynamic posture implies the use of
the body or its parts in the simplest and the
most effective way, using muscle contrac-
tion and relaxation, balance, co-ordination,
rhythm and timing, as well as gravity, iner-
tia and momentum to maximum advantage.
The smooth integration of these elements of
good dynamic posture results in neuromus-
culoskeletal performance that is easy, grace-
ful, satisfying and effective, and represents
the best in the individual physical activity as
well as the physical activity of the individual.

Gravity pulls the body or its parts toward
the earth, Inertia tends to hold the body
still or to maintain its motions at a constant
speed, while momentum gives the body
added power or impetus. Friction, including
air resistance, tends to slow the body; fric-
tion is particularly applicable to the feet.
Gravity, inertia, momentum or friction may
be overcome or reinforced by muscle action.
Acceleration or deceleration may be caused
by an external force, such as gravity or fric-
tion, or by the iternal force of muscle
action.

A muscle may contract or relax, in whole
or in part. A contracting muscle may work
aganst gravity by hfting; it may aid gravity
by pulling downward. A muscle may relax
and thus by letting go allow gravity to
become more or less effective. Simularly,
inertia, momentum or friction may be re-
sisted or reinforced by the proper applica-
tion of muscle contraction or relaxation.

Maximum power is attained by the contrac-
tion of the muscle in the most favorable
relation to gravity, inertia and momentum,
with 2 mmmum of friction The contrac-
tion need not be sustained but should be
continued just long enough to produce the
desired effect  Thus, tension and fatigue are
avoided, and the muscle is free to perform
further work.,

Good balance is secured by maintaining
the center of gravity of the body over the
feet through co-ordination of the eyes, the
semicircular camals and the positton sense
of the muscles and the joints. When the
body is moving forward, the center of gravity
should be advanced to the balls of the feet
or in front of the feet so that gravity will
provide forward momentum. The trunk
should lead the action rather than try to
catch up with it.

Precision and smoothness are essential to
good muscle action and low energy output.
Timing is one of the most important and
delicate phases of movement, especially of
a complex one. Poor timing can reduce or
invalidate the effectiveness of movement.
Good timing makes the movement easier
and more effective. Alternating contraction
and relaxation with balanced timing pro-
duce rhythm in movement and increase the
capacity for repeated actrons. Co-ordina-
tion is the smooth relationship in proper
sequence of a group of muscle actions. Pre-
cision, smoothness, timing, rhythm and co-
ordination are the elements of good dynamic
posture. Al these principles apply to the
feet as well as to other parts of the body.

The Basic Dynamic Position. The basic
dynamic position is characterized by a slight
crouch, with the ankles, the knees and the
hips flexed, the trunk inclined forward and
slightly flexed, the arms relaxed and slightly
flexed, With the body in this position the
muscles are in mid-position with increased
tone, balanced and ready for instant and
powerful action in any direction. They act
also as springs, absorbing shocks and ini-
tiating movement, This basic position is
assumed in many sports, such as football,
track, tennis and skiing. Fore and aft sta-
bility 1s increased by advancing one foot,
whereas lateral stability is increased by sepa-
rating the feet sideways. Thus, the feet
secure a firmer grip on the ground than in
the erect position, preventing slipping and
increasing the thrust forward movement.
Basic dynamic posture is quite different from
poor posture,
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Fia. 16. Shoc, desir-
able features for adults
as well as chifdren.
(Howorth, M. Bechett:
Consumers® Research
Bullctin, May, 1943)

SNUG FIT
AT HEEL

LOW BROAD HEEL

BIG JOINT OF BIG TOE
LOCATED AV POINT OF
ROUNDING-IN OF SOLE

WALKING

Walking is one of our simplest and most
fundamental actions and is an excellent
example of dynamic posture. The body
should be tilted slightly forward from the
basic standing position and the weight
thrown on the ball of one foot, while the
oppostte thigh is lifted and the leg swung
forward. There should be a feeling of for-
ward falling, requiring that the weight be
caught on the advancing foot. Various mus-
cles, aided by inertia, maintain the body in
balance on the ball of one foot until the
opposite heel or foot strikes, when the
weight quickly advances to this leg with the
knee extended. Momentum carries the body
forward over the extended leg until it passes
the perpendicular, when the thrust of the
foot renews the action and the process is
repeated (see Fig. 15).

The quadriceps muscle contracts for only
a fraction of a second, with a sort of rip-
pling movement in swinging the leg forward.
The muscles in front of the ankle contract
briefly to prevent the foot from dragging just
as 1t swings across the ground.

As the heel strikes, all the thigh and the
ankle muscles quickly contract to stabilize
the knee and the ankle untl the weight is

EYELETS OF WHICH THE METAL
SHOWS INSIDE AND OUTSIDE

N

UPPERS PLIABLE

PLENTY OF TOE
ROOM FORWARD,
SIDEWAYS, AND

UP AND DOWN--
VERY IMPORTANT

/

INSIDE /EDGE
SLOPES ONLY
SLIGHTLY FROM
A STRAIGHT LINE

thrust forward again by the calf. The flexor
muscles in front of the hip swing the thigh
forward. Then, as the weight goes on the
leg, all the hip muscles contract to stabilize
the hip, particularly the abductors, to pre-
vent the pelvis from falling to the inner side.
The opposite arm swings forward with the
leg by contraction of the shoulder and the
elbow flexors, then swings back by the
action of their antagonists. These motions
are greatly aided by the pendulum effect of
the swing,

Correct walking is done with a smooth
rhythm, the muscles contracting gently with
a brief wavelike action and relaxing in the
interval. Tt is characterized by free muscle
and joint action, momentum, balance and
thythm. Effort becomes much greater if the
speed is increased or if the momentum and
the thythm are disturbed.

Walking is often done badly, with the
body erect and stiff, with sudden jerky move-
ments, tense muscles, precarious balance,
needless jolts and a lack of rhythm. The
steps lack spring and the flexibility needed
to meet unusual situations The good walker
should be able to change pace, stop, start,
turn, step up or down, twist or stoop, easily
and quickly, without losing balance or
thythm. A good dynamic posture and flexi-

Vs
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ble healthy muscles are the basis for correct
walking.

Shoes should be comfortable and of
proper shape and fit. High heels and pointed
toes or loose, flimsy shoes prevent good
walking. Crowded city pavements and dirty,
fume-laden air usually promote bad walking
posture; the varied topography and surfaces
and the clean air of the country make good
walking posture more natural

Speed may be acquired by increasing the
crouch and the forward tilt, thrusting harder
with the feet and developing a stronger arm
swing. The length of stnde should not be
too great, as the effort 1n forcing the body to
reach the forward leg would become exces-
sive, or too short, for energy 1s wasted in
swinging the legs too many times The same
principles apply in running.

CLIMBING

Walking uphull or upstairs may be made
easier, safer and faster by leaning forward
in a deeper crouch and forcing the body

Fic. 17. (Left) Tracing f
roentgenogram of average
in broad-toe shoe (Munson Iz
Toes lte straight without cro
mg, leaving room for movem
ventilation and circulation. $
is of proper length and wi
Shoes for young children usu
have these characteristics,
few shoes for adults do. (Rig
Tracing from roentgenogram
average foot in common t
of aduit shoe. Note crowding
toes, with overlapping, inter:
ence with circulation, press
on small bones of toes caus
soft corns, pressure of box of
causing hard corns, angulat

- A

ers’ Research Bulletin, M.
1943)

well forward on the higher step. Breathi
should be deeper rather than faster and
rhythm with the other movements. The
should be no tenseness of the muscles, f
this results in quick fatigue Nor shou
there by any disturbance in rhythm «
smoothness, as one would quickly lose rath
than gain in accomplishment.

Walking downhill also requires a forwai
lean and slight crouch to reduce the shoc
of each step as well as the chance of slif
pmg In this position the center of gravit
1s low, and the muscles are 1n position t
respond to any need, The weight come
down on the whole foot, the whole step i
used, and the foot grips well. Thus, one cai
double up and protect one’s self much easie
in case of a fall. On very steep slopes
slight turning to the side or zigzagging wil
help. Relaxation is most important in down
hill walking, especially “loose knees.” The
movement then becomes almost a dance
with light, quick steps, or a seres of slides,
similac to sking. Small jumps may ofter
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be used. The knees wswally ase lept clowe
together in this technic. The crouch brings
one closer to the ground, with the muscles
and the joints acting as springs, minimizing
the possibility and the danger of & fall, Most
falls are backward, with the body extended
in o blind dircction, the weight coming hard
on the coccyx or the wrists. These falls can
be avoided by the method deseribed.

The pace is varied according to the diffi-
culty of the terrain, the capacity of the
walker and the need for hurry. Most walkers
do better if they adopt an casy pace; thus
they can maintain rhythm and relaxation.
Speed is adapted to varying conditions, so
that the energy output is fairly constant.
Sometimes it is better on certain types of
terrain to rush a short bit, especially with
a heavy load, as considerable encrgy may
be wasted in forcing one’s self slowly up or
down. Similarly, in the face of a strong
wind, especially if it is laden with snow or
sleet, one may advance by quick rushes. A
rest period of § minutes every hour is usually
desirable, especially if the climbing is diffi-
cult or the load is heavy,

Normally, the whole foot should be placed
on the ground, Walking on the toes reduces
the strain on the quadriceps muscles but
increases that on the calves and on the
ankles. Toe walking is suitable for short
distances steeply uphill or on stairs, but
usually it js better to turn the fect to the
side, together or crisscross, and use the
whole foot. Proper placement of the foot
1s important, so that it will be as nearly hon-
zontal as possible, on a solid surface, one
which is not shppery.

The security of the foot may be increased
on a hillsde by increasing the area of con-
tact, pushing into the surface perpendicn-
Tarly or pushing the side of the foot against
an adjacent surface. On a rounded surface
the instep may be more secure than the ball
of the foot; the heel usually is less secure.
The hands may be used for balance, or even
for assistance, but, normally, the bulk of the

work should be done by the legs. Facing
out is usually best in climbing down, but in
difticult climbing it may be preferable to
face sideways or even inward, as in climbing
a ladder.

EFFECTS OF ABNORMALITIES

OF THE FEET AND THE LEGS

Weak arches relax and pronate on weight-
bearing, leading to casy fatiguc and cven
aches and pains in the fect and the legs.
The individual with weak arches usually toes
out in walking, with a mechanically incfec-
tive gait, the body moving forward while
one foot is directed to one side, the other
foot to the other side. Thus the strength of
the push-off from cach foot is diminished,
while the strain on the arch and the tibial
muscles as well as the inner side of the
knee is increased. Weak arches are fre-
quently associated with knock knecs, some-
times with external torsion of the tibias, and
the effect in walking is for each element of
the deformity to aggravate the other. With
knock knees the tendency is for the feet to
be separated further sideways on walking,
increasing the strain on the inner side of
the feet and the legs, or for the knees to
slide around each other, either tendency
being mechanically poor for walking. These
effects are aggravated in high-heeled shoes.
Weak arches and knock knees tend to pro-
mote, or are often associated with, poor
body posture, each aggravating the other.
All 100 often obesity becomes another seri-
ous factor. Treatment, then, must be directed
at all these factors-—each of which, fortu-
nately, can be improved or corrected—be-
fore much can be accomplished with the gait
ot the performance of the feet and the legs.

High arches have a very different effect,
In standing the weight is concentrated on
the heels and the balls of the feet, with a
tendency to calluses in these regions. The
calluses may become painful, especially in
the balls of the feet, and the pain will affect
the gait. The gait loses Iift and strength
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because of the partial nigidity of the foot
and, therefore, loses speed and power. This
effect is aggravated by high heels, and high
arches are apt 1o become worse with high
heels.

A short leg, if not too short, is usually
compensated for in standing by dropping
the pelvis on the affected side. If there is
much shortening, the knee is flexed on the
long side, or the foot of the short leg is
placed in the equinus position, This results
in a tendency to callus under the ball of the
foot. Otherwise, compensation may be
achieved with a built-up shoe. In walking

with a short leg, the body dips down on the
short side; there is little or no sway to that
side. Ordinarily, a child with a slightly or a
modcrately short leg, without other deform-
ity or restriction, has little or no handicap
in walking, in running or at play.

Bow legs usually do not interfere with the
mechanics of walking unless the deformity
is severe; in that case the knees are off
center and off balance, the feet pronate to
compensate and to remain straight on the
ground, and the gait is disturbed correspond-
ingly. Bow legs of such degree should be
corrected, especially in a child.

Fic. 18. (Left) Recurvatum of knees. The knees hypemxtepd to 210%, due
to stretching or relaxation of the posterior capsule and elongation of the ham-
strings This might be seen with general relaxation of the ligaments, or after
paralysis of the hamstring muscles. 1f the Achiles tendon 1§ contracted: the
effect 15 1ncreased Standing posture and gait are affected adversely. (Right}

Pronation, extreme degree

The heels are in valgus, but the foot is swung

further out n relation to the talus, and the arch is completely flat. The ankles
are almost 1n line with the knees, but the feet are turned far out. anc?(-knee
15 the common accompamment of weak arches, and both these deformities are
commonly associated with generally relaxed Ligaments and poor body Pos:ure:
Foot posture and gait are affected adversely. {Howorth, M. Beckett, ef al.:
A Textbook of Orthopedics, Phladelphia, Saunders)
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Internal torsion of the tibias or the femurs
causes an intocing gait, with a tendency to
rolt over the outer border of the foot and
the shoe, and, if marked, painful calluses
may develop under the fifth metatarsal. Ex-
ternal torsion is associated with pronation
and often with knock knces, and the foot
tends to roll over its inner side in walking,
with corresponding distortion of the shac.
Calluses may develop on the inner side of
the foot, especiatly at the navicular or alang
the great toc, sometimes becoming painful.
The cffectiveness of the gait is diminished by
any type of torsion. Sometimes there is
internal torsion of the femurs, external tor-
sion of the tibias, which may compensate
partially at least for each other in deformity,
less so in mechanical performance. Some-
times the hamstring tendons and the knee-
joint capsule posteriorly are so relaxed that
the knee hyperextends, even as much as 20
or 30°. This may or may not be associated
with a contracted calf or an Achilles tendon
and is aggravated by such a contracture (see
Fig. 18). Standing with the knces relaxed,
the posterior structures of the knee are

further stretched; in walking, especially if
there is weakness af the hamstrings, the knee
is thrown into recurvatum, causing undue
fatiguc of the flexor muscles, further stretch-
ing of the capsule and a peculinr and poor
gait,

Foot disarders such as corns and calluscs,
plantar warts, especially those in the balls
of the feet, and bunions tend to disturb gait
because of pain. Hallux valgus is often asso-
ciated with and related to pronation. Foot
deformitics, such as equinovarus club foot,
disturb the gait mechanically, sometimes
with pain as well. The varus foot tends to
roll over its outer border, the equinus foot
to have too much weight on the ball of the
foot. The arthritic rigid flat foot, usually in
some valgus, loses push and flexibility, often
aggravated by pain,

RUNNING

Running is much ke faster and faster
walking, but there is much more movement
in the ankle, a more vigorous thrust from
the ball of the foot, landing on the ball of
the foot instead of the heel, more up-and-

Fic 19. Pes cavus or high arch
plantar fascia 1s contracted  Wej
tending to formation of panful
with contracture of toe extens:
agpravated by high-heeled shoes,
pedics, Philadelphia, Saunders)

, seen with poliomyelitis or Friedreick” i

ght is concentrgmd or{ the heel anddt;xeelcll: 3t of the fant.
calluses. (Lefr) Toes straight.
or tendons and capsules (claw
{Howorth, M. Beckett, et al.

all of the foot,
{(Right) Toes cocked up,
foot). The deformity is
¢ A Textbook of Ortho-



92 Dynamic Posture in Relation to the Feet

down movement of the body, more action in
the legs and the arms, and deeper breathing,
Distance running requires an easy rhythm
that can be maintained with a minimum of
energy and yet a maximum of speed over a
given distance. Deep and well-synchronized
breathing is essential for the maintenance of
prolonged vigorous muscle action. Proper

pacing and allowance for the final effort at
the finish is important in racing. The shorter
distance sprinter tends to exert maximum
effort from beginning to end, without chang-
ing pace or style. Irregular or up and down
hill terrain requires greater flexibility in the
use of the feet and the legs in order to main-
tain speed and balance without sacrificing

FiG 20. Effect of short leg. (Lefr) Correction by dropping pelvis on short
side, especially 1f there is little shortening. (Right) Correction by placing foot

In_equinus , weight

ated on ball of foot, with tendency to

paimnful calluses The short leg causes a limp, with dipping down on the short

side, unless compensated by a bult-up shoe. (Howorth, M Beckett, e al.: A
1adelnhia. Saund
p

Textbook of Orthop Ph
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cnergy, Runming in ball games requires
great Rexibility of pace, direction and speed
for the exigencics of the game, calling for
more vigorous and varied use of alf the
muscles of the legs and the arms,

As the weight goes on the ball of the foot
in such activities as yunning and jumping,
the hip and the knce flex, the hip extensors
and the gundriceps contract strongly, but
the ankle semains near 90°. The body
weight is supported by o strong contraction
of the colf muscle, aided by the peroneals,
she pasterior tibial and the toe flexors, while
fateral balance i« maintained by the tibials
and the peroncals, The ankle plantar fiexes

with the pust-off and dorsiflexes on landing.
these same muscles supplying the needed
power, balance and spring,

JUMPING

Jumping has many varicties and parpos.
It may originate from a standing. sxgrrs
or running start, with a take-off from oz
or both feet, fanding on vithers or beek
Its object may be to cover distmze 3
obtain height or to clear an ob<xzie
jump from onc foot and landin:
other is commonly called a feap; Iandme
the same foot, a hop; two succes<h
jumps from the same foot, a skip: 2mf v




Fic. 22. Hammer toe (Left) Congenital fifth hammer toe with large callus. In
infancy the toe can sometimes be corrected by persistent stretching. At this stage the
toe is useless and surgical correction is difficult, but removal of the toe refieves the
symptoms  (Right) Second hammer toe, congenital or acquired, often because this is
the longest toe and the shoe is too short. May be corrected by wedge resection and
arthrodesis of the jnterphalangeal joint. Removal undesirable, as great toe then swings
into valgus. Such deformities affect gait chiefly by causing pain when ordinary shoes
are worn (Howorth, M. Beckett, et al.: A Textbook of Orthopedics, Philadelphia,
Saunders)

tmes there are combinations of these. The
usual jump is a leap, springing from one foot
and landing on the other, with a standing,
stepping or running start and a stepping or
running finish. The leap may be broad, to
clear a wide space, or high, to clear an
obstacle or to rise to a higher position.
When the forward motion is to be continued

Fic. 23 Plantar wart under first metatarsal
head, surrounded by callus. Such warts, espe-
aally when under a metatarsal head—a com-
mon location—are apt to be very tender and
pamnful on weight-bearing, thus affecting gait.
{Howorth, M Beckett, &2 af. A Textbook of
Orthop Philadelph ders)

FIG 24 (on facing page) Hallux valgus. (Top, left) Hallux valgus with medially prominent
first metatarsal head, or exostosts Great toe rotated mternally, nail diseased  Third hammer toe,
marked. Moderate pronation (Top, right) Moderate hallux valgus with second toe overlapping;
moderate exostosis, moderate pronation (Bottom, left) Marked hallux valgus, great toc rotated

94 (Connnued on facing page)



Fig 24 (Contnued from facing page)

internally; hammer toes with second toe overlapping the first. Many corns and
caftuses. This type of deformity is seen with rheumatoid arthritis; it is difficult
to correct, even with surgery. (Bottom, right) Marked hallux va\gus with
mternal rotation of great toe, overlapping the second toe. Exostosis is small.
Arch good, slight pronation. Pronation often accompanies hallux valgus, and
each aggravates the other, ndveme\y aﬁecnng gau (Howonh M. Beckctt et

al.. A Textbook of Orthop )

P
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on landing, the feet are used successively,
as in running, and the weight is kept for-
ward. When the landing 1s stationary or
uncertain, or after a downward leap, the
landing is often made on both feet simul-
taneously, with one foot slightly ahead for
greater stability and the weight slightly back
for stopping. Jumping from both feet is
possible, but more difficult, because there is
less spring and momentum, although the
initial footing is more secure. The arms aid
in lifing the body by leading the movement
from the crouch position, followed by the
trunk and, finally, the rear Jeg. Precise tim-

ing is most important. There is a strong
contraction of the plantar muscles of the
foot at the moment of take-off, and these
muscles act as springs at the moment of
landing.

An obstacle may be jumped, hurdled or
vaulted, depending upon its size and stability
and the capacity of the jumper. In hurdling,
the legs usually are drawn up and to one
side. Vaulting may be done with one hand
and arm on, and directly over, the obstacle
for balance and support, with a sideward
turn resulting in an about-face of the body.
In case of doubt it is safer to climb rather

[Iv
[

Fig 25 Equinovarus rocker foot The heel of the right foot does not reach
the floor, and the foot 1s bent in the middle (mid-tarsal joints_), resulting m
forefoot adduction as well as a rocker deformuty; the arch is high. Werght is
borne largely on the fifth metatarsal, where a callus tends to form, often
pamful The head of the talus projects toward the lateral side of the foot i
front of the ankle This type of deformity may be seen with congenrtal club-
foot, sometimes followrng poltomyehtis, or with cerebral palsy. In walkmg, the
foot tends to roll over its outer border, also deforming the shoe. The Jeft foot
15 pronated shghtly, the leg is shghtly bowed. (Howorth, M Beckett, et al..
A Textbook of Orthopedics, Philadelphia, Saunders)
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than to jump, or to go around an obstacle,
particularly if there is a definitc hazard
below or on the other side.

OTHER APPLICATIONS

The basic dynamic position is an excel-
lent one for many of the activities of every-
day life. It may be used in various ways in
the transitions from the lying to the sitting
and the standing positions. Rising from a
chair is casicr and more graccful when one
or both feet are moved back, under or beside
the chair, and the trunk is tilted forward.
The movements may be reversed in sitting
down. Steps and curbs arc ascended and
descended much more easily and safely in
this position. Heavy doors can be pushed
open or shut from this position with less
effort and better protection. Lifting, espe-
cially if it is done with the aid of momen-
tum, is much easier and safer. The weight
should be close to the body, with the trunk
erect and the lifting done with the legs.
Falls on slippery surfaces, waxed and slip-
pery floors and steps are nearly always

nght. The gait with such feet lacks

pamful, (Howorth, M. Beckett, et ql.:

phia, Saunders)

Fig. 26. Completely flat feet, with moderate pronati

) onat,
ngid OSquanhrntxs of great toe joint with hnlluf v:la o
hyperextension of toterphalangeal joint,

backward and often result in fractures of the
wrist, spinc, coccyx or ankle. In falling
backward one cannot see where one is going
or double up to protect one's sell. It is
almost impossible to slip on a slippery sur-
face in the crouch position because the feet
grip much more firmly. Falls from this posi-
tion arc forward, wherc one can see and
double up for protection,

The basic dynamic position is often used
in sports and is well known to coaches and
athletes, The track runner, jumper, football
or basketball player, tennis player, horse-
back rider, boxer and skier usc it regularly,
and it is frequently assumed by the gymnast
and the dancer and in the course of the vari-
ous ball games. In these various activities
the footwork is often intricate and skillful
and very important to the proper handling
of the rest of the body.

Good dynamic posture may also be used
by the housewife, the industrial or farm
worker and even by the surgeon and the
nurse. It is a method of action in which
inertia, momentum, power, balance, rhythm

arthritic, almost
gus and no extension,
Large d:rsa] adventitious bursa on the
ower and spring, and walking is often
A Textbook of Orthopedics, Philadel-



Fio 27 Dynamic posture  running and jumping. (Top, left) Runmng:
basic dynamic position with moderate crouch, weight forward on ball of foot,
supported by strong contraction of calf and accessory muscles, quadriceps and
hip extensors Weght 1s thrust forward from the ball of the foot for the
advancing opposite leg and foot, arms swung more forcibly, breathung deeper
Balance of foot mamtamned by tibials and peroneals (Top, right) Skipping

posttion and mechanics stmilar to those of running, except that two quick jumps
are made from the same foot each tume, while the opposite leg 1s held momen-
tanly suspended n the flexed posttion

(Continued on facing page)
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Fic. 28. Dynamic posture. (A) Rising
from chair, usual way: weight back of
heels, requiring strong thrust with hands
against chair or thighs that calls for much
effort and off balance. (B) Rising from
chair, good dynamic posture: feet back,
shoulders forward, moderate crouch,
balance over feet, little effort. (C) Open-
ing heavy door or pushing furmiture,
basic dynamic position: weight forward,
elbows flexed, little effort as the weight
of the body assists the effort. (D) Falling,
usual way: weight back on heels which
shp out from under body; body falls back,
subject cannot see belund or double up
to protect himself, falls on outstretched
arm and breaks wrist, or on buttocks, in-
juning coceyx or spine. (E) Falling, cor-
rect way: good dynamic position, weight
forward, body doubles up and rolls to
mimmize and cushion fall; subject can
see as he falls forward (Howorth, M.
Beckett. JLAM.A, 131:1398)

Fic. 29. Dynamic posture. (A) Basic
dynamic position: moderate crouch. (B)
Crouch and forward lean, as used for
quick forceful start by track runner or
football player. (C) Tennis player: strok-
ing in basic dynamic position, left leg
advanced, weight forward, the whole body
participating in the swing. (D) Boxer:
basic dynamic position with forward lean
and thrust with whole body as well as
arm. (E) Skier: basic dynamic posture
with moderate crouch and forward lean,
whole body participating in movements
for making turns. (F) Weight-lifting:
basic dynamic position, arms and weight
close to body, lifting done mainly by knee
action instead of straightening spine. (G)
Horseback rider: basic dynamic position,
moderate crouch; crouch intensified for
high-speed riding and jumping. (H)
Dancer: basic dynamic position, with
weight centered over one leg. (Howorth,
M. Beckett: JLAM.A. 131:1398)

Fi16 27 (Continued from facing page)

(Bottom, left) Jumping, standing start from both feet:
forward, arms swung forcibly forward almost extended, wi
but on both feet. (Bottom, right) Jumping for height: as

swung forcibly upward as body

Saunders)

1s extended from crouch, then the le
toward the hips (Howorth, M Beckett, e al.:

moderate or low crouch, weight
eight and balance as in runaing
at bottom, left, but the arms are
gs are brought y,

A Textbook of Orthopedics, Philadelphia,

1 Lo
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and co-ordination reach their optimum
development.

CONCLUSION

Movement is the basis of dynamic pos-
ture. Good dynamic posture is natural to
such animals as the cat and the horse, is
common in primitive man and often in chil-
dren, much less common in adult civilized
man. Usually it is not acquired easily and
instinctively but requires effort and training,
especially when applied to all one’s activities,
The feet play an essential and most impor-
tant part in good dynamic posture.

Good dynamic posture frees the individ-
ual from tension and gives the body a feeling
of lightness, of moving through space, rather
than being earthbound. The body then be-

comes the instrument of the individual rather
than the anchor dragging at the day’s activi-
ties. The tendency to fatigue is reduced, and
there is more energy left for other things.
Accidents are far less common and usually
less serious with good dynamic posture. The
principles of good dynamic posture, preci-
sion, smoothness, power, balance, good tim-
ing, rhythm and co-ordination may be used
not only for the physical body in action but
also as an approach to life itself.
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Dynamica Postural e le Pede

Summario in Interlingua

Postura static e postura dynamic es defi-
nite e distinguite. Le anatomia del pede es
summarisate brevemente con respecto 2 su
rolo in le postura static ¢ dynamuc. Le dis-
veloppamento e le uso del pede infantil es
delineate, Le posturas static in jacer, seder,
e star es describite. Mal habitudes postural,
lor causas, effectos, e correction es discutite.

Postura dynamic es postura in action o
preparation al action. Le denominatores
commun de omne formas de bon postura
dynamic es applicabile a multe diurne
activitates, occupationes, € sports. Postura
dynamic es relationate al fortias externe
de gravitate, iertia, momento, e friction.

Contraction del musculos e lor relaxation,
lor balancia, lor coordination, lor rhythmo,
e la synchronia de lor activitates es le ele-
mentos de un satisfacente postura dynamic.
Le pedes es Ie base e le puncto de initiation
mn multes del actwitates relationate al pos-
tura dynamuc, e le appropriate uso del pedes
es essential pro un conducta efficace e salve.

Le applicationes de postura dynamic in
ambular, currer, saltar, inchnar, levar, €
altere activitates es presentate. Bon postura
dynamic pote contribuer multo al salve e
efficace execution de multes de nostre activi-
tates durante omne periodos de nostre vitas.
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Acquired Metatarsalgia in Women

S1UART A. TaomMmsoN, M.D.§

INTRODUCTION

Down through the ages the female has
been victimized by fashion, Grotesque foot-
wear has been the most enduring of the
dictates. The resulting foot destruction and
misery are seldom blamed on the shocs;
women choose rather to attribute their woes
in this rcgard to heredity, arthritis, occupa-
tion or inherent foot qualities such as high
or low arches, or bony or flexible feet.

The basic destructive qualities of women's

shoes are simply the clevated heel combined
with the narrow ill fit at the metatarsal head
level. Thus, body weight is transmitted
through the sloping foot, but most of the
weight and the anchoring are bome.ut the
metatarsal area. Major weight-bearing on
the metatarsal area alone might not be so
bad were 1t not for the inability of this part
of the foot to spread to its normal maximum.
However, in the narrow shoe (most of them
are found to be ¥4 1n. to 1 in. narrower
than the expanded foot), the first and the
fifth metatarsal heads are anchored, thus
forcing the central metatarsal heads into a
plantar convex position. Therefore, the sec-
ond, the thrd and the fourth metatarsal
heads begin to assume weight-bearing quali-
ties (Fig 1) The ensuing pathologic
changes are progressive and characteristic,
although occasionally remote signs and
symptoms ar¢ promnent.

* The author 15 indebted to the staff of the ortho-
paedic workshop in the Hospital for Sick Chil-
dren for their co-operation and help in this diffi-
cult problem

1 Toronto, Canada.

DEFINITION

In the past, innumerable terms have been
used for symptoms and signs in the meta-
tarsal area, both proper names and local
anatomic ones. However, most of these
have described local segments of a basic
problem.

The term metatarsal arch probably should
be avoided, as its existence has been doubted
and argucd about for years. The area with
which we are concerned is the region of the
metatarsal heads on the plantar surface of
the female foot. Metatarsal bursitis might
be a very acceptable term, since the onset
of an adventitious bursa seems to be the
beginning of all the trouble. Accessory cal-
luses, bursac and corns develop gradually,
and the clinical picture soon becomes more
complex. Even plantar warts or sensitized
small calluses may predominate. Therefore,
it was felt that the well-known term meta-
tarsalgia might be an acceptable and over-all
title for this problem. The adjective acquired
has been chosen, because in the vast major-
ity of cases there is a recent history with no
trouble in adolescence. The congenital cases
are recognized readily, and usually they are
seen during adolescence or earlier. Occur-
rence in the male may be of congenital or
acquired origin. The incidence of meta-
tarsalgia in the male is about 1 or 2 per cent
as compared with that in the female.

THE PROGRESSIVE CLINICAL
PICTURE

. The early symptoms are aching and pain
in the metatarsal area on standing and walk-
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WEIGHT

Metatarsal
insole

ing. Remote symptoms are not as common
in these young women. The signs are loss
of the metatarsal concavity with thickening,
redness and tenderness of the skin. There
may be no callus or bursa formation at all.
Dorsal edema directly over this area may be
poted toward the end of the day. In a few
of the acute early cases, peroneal spasm
with synovitis and clinical swelling behind
the external malleolus has been noted. On
the other hand, when 1t is associated with a
breakdown in the longitudinal arch, poste-
rior tibial tendon synovitis has been noted
with swelling and pam behind the mternal
malleolus. It is a common experience to
find that patients with these swellings about
the ankles have been treated for rheumatoid
arthritis. The majonty of patients, however,
present themselves with a much more ad-
vanced prcture. Usually they insist that they
have always worn “good, expensive shoes™
and that they were of adequate fit, Not in-
frequently the presenting symptom is consid-
erably remote from the metatarsal area,
such as the dorsum of the foot, the ankle

2nd

F16. 1. (A) Showing the ef-
fects of weight-bearing 1 a high-
heel shoe, making the metatarsal
heads a terminal stump with the
formation of an adventitious
callus. (B) Cross section at the
metatarsal head level showing
how the central metatarsal heads
become depressed and reversed
in position when the first and the
fifth heads are prevented from
expansion by the narrow shoe.
(C) Showing partral restoration
to normal by a lower heel and
wider shoe and the insertion of
a metatarsal insole.

and the calf or the hip. Spontaneous changes
in weight-bearing and compensatory meth-
ods of walking and standing account in good
part for many of these secondary signs and
symptons.

The metatarsal area in the well-advanced
case will present either a large diffuse circu-
lar skin bursa or a small oblique hornified
cornlike bursa (Fig. 2). Tenderness in these
bursae varies, depending on the acuteness
of the condition or on local skin changes
within the bursal skin.

The satellite or compensatory bursae
may be prominent in some and absent in
others. The common location for accessory
bursa formation is on the medal plantar
surface of the proximal and distal phalanx
of the great toe and under the head of the
first metatarsal bone (Fig. 2, top, & bottom,
left). Less often a bursa may develop under
the head of the fifth metatarsal bone (Fig.
2, bottom, left).

As the process advances, clawing of the
four lateral toes is noted, the little toe taking
the lead. This condition then 1s complicated



Fic 2. (Top) Huge metatarsal bursae with accessory bursae under first metatarsal
heads and on medial plantar surfaces of the great toe. (Hottom, left) Medium-size
metatarsal bursa with accessory ones under the first and the fifth metatarsal heads.
(Bottom, right) Small hornified metatarsal bursa, which usually 1s hypersensitive,
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metatarsal

and the calf or the hip. Spontaneous changes
in weight-bearing and compensatory meth-
ods of walking and standing account in good
part for many of these secondary signs and
symptoms,

The metatarsal area in the well-advanced
case will present either a large diffuse circu-
lar skin bursa or a small oblique hormified
cornlike bursa (Fig. 2). Tenderness in these
bursae varies, depending on the acuteness
of the conditien or on local skin changes
within the bursal skin.

The satellite or compensatory bursae
may be prominent in some and absent in
others. The common location for accessory
bursa formation is on the medial plantar
surface of the proximal and distal phalanx
of the great toe and under the head of the
first metatarsal bone (Fig. 2, top, & bottom,
left). Less often a bursa may develop under
the head of the fifth metatarsal bone (Fig
2, bottom, lefr).

As the process advances, clawing of the
four lateral toes is noted, the little toe taking
the lead. This condition then is complicated



Fic. 2. (Top) Huge metatarsal bursae with accessory bursae under first metatarsal
heads and on medial plantar surfaces of the great toe. (Bottom, left) Medium-size
metatarsal bursa with accessory ones under the first and the fifth metatarsal heads.
(Bottom, right) Small hornified metatarsal bursa, which usually is hypersensitive,
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and the calf or the hip. Spontaneous changes
in weight-bearing and compensatory meth-
ods of walking and standing account in good
part for many of these secondary signs and
symptoms.

The metatarsal area in the well-advanced
case will present either a large diffuse circu-
lar skin bursa or a small oblique hornified
cornlike bursa (Fig. 2). Tenderness in these
bursae varies, depending on the acuteness
of the condition or on local skin changes
within the bursal skin.

The satellite or compensatory bursae
may be prominent in some and absent in
others. The common location for accessory
bursa formation is on the medial plantar
surface of the proximal and distal phalanx
of the great toe and under the head of the
first metatarsal bone (Fig. 2, top, & botfom,
left) Less often a bursa may develop under
the head of the fifth metatarsal bone (Fig
2, bottom, left).

As the process advances, clawing of the
four lateral toes is noted, the little toe taking
the lead. This condition then is complicated
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is a laced Oxford with a medium Cuban heel
(Fig. 3).

The size, the shape and the position of
the metatarsal pad on the insole is of vital
significance in minute proportions and vaties
with cach foot. Awareness of the fact that
correction of as little as Y& inch is para-
mount. The pad should be placed so that

it skirts the proximal margin of the skin
bursa. It should be as wide as the bursa and
yet not impinge under the first or the fifth
metatarsal head. In the case of the smaller
cornlike bursa, the pad stould be similar in
size and fit to that mentioned above, There
need be no posterior extension of the pad;
not only is it unnccessary, but invariably it

Fic. 4. (Top) Soft, flexible
(Center) Dried fitted leather
(Bottom) Undersurface of su

showing Fiberglas base.

Fiberglas cloth before treat
with Fiberglas base read
pport after timming (wit

ment with sofutions,
ly for final tnmming,
hout leather covering)
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F16. 3. Type of shoe or pump recom-
mended for initial treatment.

further by corn formation on the dorsal
aspects of the proximal interphalangeal
joints. The clawing of the toes is due most
likely to prolonged spasm and ischemia of
the lumbrical and the interossei muscles.
Many of these patients are plagued with
violent cramps in the feet, which might be
attributed to the above phenomena.

Hallux valgus and bunion formation may
be a complicating factor but will not be dealt
with here.

TREATMENT

A woman may refuse to pocket her pride
and follow good orthopaedic advice, but
usually she will report back in a year or
so after countless visits to podiatrists and
shoe stores. In regard to podiatrists, it will
be found generally that their number in any
given community is in direct ratio to the
lack of interest in and knowledge of the foot
by the local medical doctors. It 1s a common
experience to see patients who were sent by
their doctors to corrective shoe stores or
cobblers for custom-made shoes Frequently
also many are referred to podiatrists not
only for skin care but also for arch supports.

This is a deplorable situation, not only
amongst orthopaedic surgeons, but particu-
larly amongst general practitioners.

The surgeon or the physician who sends
his patient to a professional orthopaedic
department of a hospital for the manufac-
ture of arch supports would seem to be
going in the right direction. However, if he
personally does not supervise the fitting and
the adjusting of those supports, the result
most likely will be failure. Of course, no
matter how good the arch support, it too
will fail if the shoe does not adequately fit
the foot plus the support. Therefore, the
doctor must supervise the fitting of both the
supports and the shoes. This supervision is
rarely accomplished at one visit; it is more
likely to be a matter of several visits, requir-
ing considerable time and patience

Admittedly, in many women the finding
and the fitting of an adequate shoe present
difficulty, but it is not a hopeless situation.
The wearing of ugly “boots” is unnecessary
and need happen only in a few of the older
age group with advanced pathology and
broad bunion and hallux valgus formation,
plus fixed clawing of the toes.

The first requisite in shoe fitting is ade-
quate width at the metatarsal head level.
This is not determined by fluoroscopy but
by the simple expedient of a tape measure
and common sense. It may be necessary to
have a shoe stretched before satisfactory
fitting is achieved It is not uncommon to
have patients report that they have been
through all this treatment before to no avail.
However, careful analysis in such cases
reveals lack of supervision and, more often
than not, atrocious and highly expensive
“orthopaedic equipment.”

This part of the treatment is an extremely
personal and vital one. Whether the patient
lives in town or 100 miles away, she must
be prepared to return for adjustments ane to
three times in the following month. These
visits must be made to the orthopaedic work-
shop where the doctor and the workman
together can see the patient. The ideal shoe
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is a laced Oxford with a medium Cuban heel
(Fig. 3).

The size, the shape and the position of
the metatarsal pad on the insole is of vital
significance in minute proportions and vaties
with each foot. Awareness of the fact that
correction of as little as Y inch is para-
mount. The pad should be placed so that

it skirts the proximal margin of the skin
bursa. It shoutd be as wide as the bursa and
yet not impinge under the first or the fifth
metatarsal head. In the case of the smaller
cornlike bursa, the pad should be similar in
size and fit to that mentioned above, There
need be no posterior extension of the pad;
not only is it unnccessary, but invariably it
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showing Fiberglas base.
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FIG. 5. A combination support showing
how cork reinforcements are added to
the metatarsal pad

is uncomfortable. The thickness of the pad
varies with the stage of treatment: it in-
creases n thickness and moves distally as
the bursa decreases gradually in size. Fail-
ure of the bursa to disappear or its recur-
rence means faulty position or size of the
pad.

Metatarsal bars are for temporary emer-
gency use in severe cases, both while waiting
for the insoles and during the early treat-
ment These bars must also be inspected
by the surgeon to make sure that weight-
bearing has been removed, or at least
decreased, at the metatarsal heads.

APPARATUS

There are countless models of arch sup-
ports, both commercial and professional.
Many of them have admirable points, but
very few are made specifically for the indi-
vidual foot

Metal arch supports have not been used
for many years. The best platemakers are
unable to meet the rigid and the changing
standards now required. However, the basic

F16. 6. Two views of a metatarsal sup-
port. The lateral view demonstrates the
contour of the shoe.

material of the arch support must be as
rigid as metal if 1t is to remain in a constant
position in the shoe. Softer materials and
those modified by moisture and weight will
shift posteriorly and curl up at the heel.
Various types of treated leather with or
without metal inserts have supplanted metal
supports

During the past four years a very satisfac-
tory combination of materials has been psed
that appears to meet most of the desirable
standards. These materials are leather and
Fiberglas.

A stock of wooden lasts are available in
various sizes, and, in the case of the female,
these lasts are also formed on a medium
Cuban elevation for the heel.

The leather used is spoken of as “shoe-
makers’ shoulder” and 1s top-grain leather.
This comes in 20-0z. thickness and is split
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Fig. 7. Combination
support with longitud-
pal  and  metatarsal
raises.

{0 a 9-0z. thickness, which is about % inch
thick. This leather is cut roughly to size and
soaked in water. Next it is fitted and nailed
to the wooden last and allowed to dry.
When perfectly dry, it has amazing rigidity
and strength. However, in order 1o
strengthen it doubly, Fiberglas is used as a
reinforcing undercoat. The Fiberglas s
soft, curtainlike material until it is treated
specially (Fig. 4, top). Varying thicknesses
are used, depending on the individual needs.
The Fiberglas is cut to size, and, usuatly,
about three to five thicknesses are used. The
Fiberglas cloth is manufactured from spun
glass fiber and is hardened with two special
solutions. The first solution is an epoxy
resin* and is used as a jelling mixture. The
second agent is an epoxy hardener.* The
ratio used is 4 parts of the resin and 1 part
of the hardener. After impregnating the
Fiberglas with this mixture, it is fitted over
the leather mold and allowed to harden for
24 hours (Fig. 4, center).

The Fiberglas falls short of the leather
margins and also stops just behind the meta-
tarsal pad area. This relationship of the
leather and the Fiberglas prevents any sharp
edges and allows slight movement at the
junction of the main support and the meta-
tarsal area (Fig. 4, bottom). The necessary
additions now are made to this amazingly
rigid splint. The leading edges of the leather
all round the splint are shaved thin, which
makes a pliable, nonirritating margin. Firm
rubber metatarsal pads then are glued to the

* Manufactured by the Bakelite Co.

leather, and, similarly, a longitudinal pad
may be used if required. When the pads
need further additions, Jaminations of thin
cork or firm sponge rubber arc uscd, this
material being more lasting and rigid (Fig.
5). These cork or rubber inserts are ghied
on and filed into proper contour and size.
The top and the bottom of the support are
covered with a thin leather called English kip.

It should now be noted that the arch
support has been made not only to fit the
foot but also to conform to the shoe last
and the heel elevation. These precautions
avoid any movement or rocking of the sup-
port in the shoe (Fig. 6).

Many years of wear may be expected
from these supports, with minor repairs to
the outside leather and pads (Fig. 7).

SUMMARY

This method of manufacturing arch sup-
ports was started exactly 4 years ago, and
since that time 1,250 pairs have been pro-
vided. However, when one realizes the con-
stant individuality of the two feet in this
disease and the resulting attention required,
it is more accurate to say that 2,500 arch
supports have been made in the past 4 years
and supervised by the author.

The results have been most gratifying with
early loss of symptoms and gradual disap-
pearance of both primary and secondary
signs.

In conclusion, the importance of frequent
personal adjustments and meticulous follow-
up cannot be overemphasized,
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Acquirite Metatarsalgia in Feminas

Summario in Interlingua

Le termino “metatarsalgia” es usate pro
designar Je commun alterationes pathologic
que occurre in le area metatarsal in feminas,

Nihil novo e nihil original es intendite sed
simplemente un appello pro reactivar le inte-
resse del orthopedistas in le diagnose e le
ntelligente tractamento a longe vista de iile
conditiones.

Un sensibile bursa metatarso-plantar (con
associate symptomas) es le causa a commun
pro consultar un medico. Iste condition es
le resultato de incorrecte calceatura (alte
talones ¢ compression del pede anterior).
Le tractamento de iste condition consiste in

le fabrication de accuratemente adjustate so-
leas interjor metatarsal ¢ postea le meticu-
lose selection e adjustation del calceatura,
Tamen, le plus importante phase del tracta-
mento es le attentive e continue re-examine
del patiente qui debe facer frequente visitas
al officina orthopedic ubi le dispositivos de
supporto es modificate in lor dimensiones ¢
le sito de lor application. Un ben observate
programma de tractamento de iste genere
resulta intra alicun menses in le complete
alleviamento del symptomas e le disparition
gradual del bursas.
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Hallux Varus and

Metatarsus Varus

A Tive-Year Study (1954-1958)

STUART A. THO

INTRODUCTION

This work was prompted by the frequent
appearance of residual deformitics io}lowing
variations of “medial release™ operations for
hatlux varus and metatarsus varus. These
operations concentrated on fascia and hga-
ments and usually removed part of the ab-
ductor hallucis muscle but rarely down to
its insertion As a result, the great toe
deformity persisted.

The abductor and the adductor hallucis
represent two of the most important primi-
tive muscles and really are not necessary to
the human foot. One thinks of the great toe
joint as having movement in one plane only;
ie., plantar- and dorsi-flexion. Therefore,
either these two muscles lose their functions
or their insertions have drifted to aid i the
normal plane of movement.

It is on this basis that these two muscles
have been studied and operated upon. At
the onset, not much attention was paid to
the adductor hallucis, but, when its over-
activity began to appear as a complication,
1t became apparent that its presence was of
atavistic importance as well,

The Abductor Hallucis Muscle. This
muscle is said to arise from the medial proc-
ess of the tuberosity of the calcaneus, the
plantar aponeurosis and the intermuscular
septum between 1t and the flexor digitorum
brevis It inserts by a tendon, with the
medial head of the flexor hallucis brevis,

* Toronto, Canada.
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into the tibial side of the basc of the first
phalanx of the great toe.

Dr. J. V. Basmajian, professor of anatomy
at Queens University, Kingston, Ont., to-
gether with his research fellow, Dr. J. W.
Kerr, kindly submitted the following addi-
tional interesting information on the abduc-
tor hallucis muscle on adult cadavers:

Twenty-two adult feet were dissected with
particular emphasis on the insertion of the
abductor hallucis muscle.

The abductor hallucis is the largest and
strongest intrinsic muscle of the great toe. The
tendon of insertion lies superficially and is
formed approximately half way along the foot.
At the level of the medial sesamoid the tendon
measured ¥ to ¥ inch i width.

It was significant to note the great variation
n the mode of insertion of the abductor hal-
lucis tendon. In only § per cent of the speci-
mens did the tendon lie on the medial border
of the foot, and insert into the medial side of
the base of the proximal phalanx as an obvious
abductor.

At the other end of the scale in 19 per cent
of the specimens the abductor hallucis and
medial head of the fiexor brevis had a common
insertion into the base of the medial sesamoid,
with the abductor tendon lying on the plantar
aspect of the foot as an obvious fiexor.

Between these two extremes we found that
mn 19 per cent the abductor tendon was on the
plantar aspect of the foot and passed over the
medial portion of the sesamoid, without attach-
ment to it, and on 1nto the base of the proximal
phalanx. In 25 per cent of the cases a slip of
msertion was given off the lateral side of the
abductor to the medial sesamoid before its
insertion on the phalanx.
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In another 25 per cent there was a common
slip of insertion with the medial head of the
short flexor into the sesamoid

On an anatomic basis it was concluded that
in only 19 per cent of the cases was the abdue-
tor hallucis so placed as to be capable of true
abduction. In 83 per cent of the specimens
the abductor acted at the metacarpophalangeal
jount to flex the great toe.

There was equal variation in the attachment
of the medial head of the flexor brevis to the

&.. Normal
insertion of
abducter
hallucis mm.
into medial
sesamoid bone and
base of lst phalanx

D.

Abductor hallucis is
digsected free and
detached at 1ts
msertion

i

L
"

Tendon of W(
medial head of
flexor hallucis
brevis with

sesamoid bone

e

abductor tendon. There was found to be an
attachment between the two muscles proximal
to the sesamoid in every case. The insertion
of the medial head of the short flexor was
always into the ventral surface of the abductor
hallucis tendon.

The abductor hallucis was always closely
attached to the capsule of the metacarpopha-
langeal joint as it crossed it. In over 80 per
cent of cases a slip was given off the abductor
Ballucis tendon superficially to insert into the

i

B.

Abnormal insertion
o} muscle on
medial side of
Ist phalanx only

E. Muascle is

dissected

back to its
origin

S/

Neurov‘ascular
bundie

FIGURE 1
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Fia. 2, T.H. (Top) Righl-sidcd
deformity at 1 year of age. (Bat-
tom) Showing the correction 2

years after operation.
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medial side of the tendon sheath of the flexor
hallucis fongus.

Prof. Basmajian and Dr. Kerr conclude
that the abductor hallucis muscle acts more
in stabilizing than in producing mobility of
the great toe.

In the operating room dissections at the
Hospital for Sick Children, the main part of
the tendon of the abductor hallucis invari-
ably nserted on the medial surface of the
base of the proximal phalanx. Furthermore,
passive contraction of the tendon produced
a minimum of 75 per cent abduction move-
ment, the balance being in flexion. How-
ever, when light pressure was placed on the
great toe and the sole of the foot, the move-
ment was 100 per cent abduction.

After detachment of the abductor hallucis
tendon from the proximal phalanx it was
found that the remaining fibers of the medial
head of flexor brevis could still produce
abduction of the great toe 1n a few cases.

All the foregoing observations would
make one conclude that the congenital de-
formity of hallux varus and to a lesser
degree metatarsus varus is due in part to
the primitive relationship and insertion of
the abductor hallucis muscle and its acces-
sories.

DIAGNOSIS

There are two types of hallux varus and
metatarsus varus:

1. The primary type, which may be
readily recognized soon after birth in severe
forms, or when weight-bearing begins in the
less severe forms. Usually, there is no other
congenital anomaly.

2. The secondary form, that associated
with congenital equinovarus deformity and
generally not recognized until the club foot
is fully corrected. This form, therefore, usu-
ally receives attention much later, on the
average, than the primary type, and, as
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Fia. 3, P.S. (Top) Left-sided
hallux varus at 1 year of age.
(Bottont) Showing fesult 2 years
after operation.

would be suspected, the results of treatment
are not as good. The plantar surface of the
foot betrays the characteristic “comma”
shape or “monkey” foot appearance. The de-
formity is more evident with weight-bearing.

In the primary cases the first ray and
hallux are notably involved, whereas in the
secondary cases all the rays are inclined to
be influenced in a varus position. Besides
knowing about the overactivity of the abdue-
tor hallucis muscle, it is important to deter-
mine if the adductor hallucis has a primitive
potential as well. This 1s sometimes difficult
to tell, but, 1n most cases, by tickling the
plantar surface of the great toe joint, abnor-
mal adductor power may be detected

THE OPERATION (FIG. 1)

Hallux varus has been the primary reason
for surgery m this sertes, in the hope that
the metatarsus varus will be minimized or
cured. As mentioned above, because of pre-

vious failures, 1t was decided to resect the
entire abductor hallucis muscle.

A slightly carved skin incision is made
along the entire media) side of the heel and
the foot to the middle of the proximal pha-
lanx on its medral side. The skin Baps are
retracted so as to expose the complete extent
of the muscle and its tendon. The tendon of
insertion then 1s dissected off the medial side
of the proximal phalanx, and, as it is dis-
sected proximally, one may unavoidably
open into the great toe joint, which is of no
consequence. At this pomt a dissection must
be made between the abductor and flexor
brevis muscles, after which the entire abduc-
tor is readily resected, care being taken to
avoid the plantar neurovascular bundle on
its deep surface near the proximal end.

It will be noted now that the great toe
has fallen back into normal position. How-
ever, the remaining fibers of the medial head
of the flexor brevis must be checked by
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Fia. 4, WH. (Top) At9 months
old, showing bilateral mctatarsus
varus and hallux varus. {(Botront)
4v4 years after operation. Right
foot showed overactivity of addue-
tor hallucis, and a tenotomy was
donc 2 years ago.

pulling on them, If this results in any slight
abduction of the great toe at all, then the
entire fiexor brevis must be removed as well.

The need for a tenotomy of the adductor
hallucis was decided upon beforehand. If it
was deemed necessary, it has been found
convenient to approach it through a separate
1-inch dorsal incision on the lateral side of
the great toe joint.

The incisions then are closed while the toe
and the forefoot are held in the overcor-
rected position. Suitable dressing and pad-
ding are used, and a light below-knee plaster
cast is applied.

There may be some doubt as to the need
for a cast; its main virtue is in keeping the
dressing secure and clean for 1 month. At
the end of that time, the cast and the sutures

HALLUX VARUS AND METATARSUS VARUS. 5-YEAR SERIES. 82 CASEs—114 FEeT

NUMBER oF AGE  CompL1- RESULTS IN 100 Fr.
CasEs Fegt MaLe - FeMaLe RANGE  cATIONS  FAIR Goop
Primary 2 mos.
cases . 40 59 25 6 ‘y‘;s 9 1 49
Secondary 10 tmos.
cases 42 s 2 2 °
5 9 12 10 yrs 6 9 41
Total ....... 82 114 54 28 15 10 90
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Hallux Varus and Metatarsus Varus

Fic. 5, BW. (From fop) A—
Age 7 montbs, showing a left hal-
lux varus. B-—Showing the plantar
view. C and D—1% years after
operation.
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Fic. 6. M.F., age 612 months.
(Top) Showing left metatarsus
and hallux varus. (Bottom) 5
years after opcration. For roent-
genograms of both, sce Figure 7.

are removed, and the patient is allowed to
carry on in a normal fashion without any
corrective measures so far as the toe or the
forefoot 15 concerned.

DISCUSSION (TABLE 1)

Durnng the past five years, 82 cases have
been operated upon. Fifty cases were uni-
lateral, and 32 cases were bilateral, making
a total of 114 feet in all. The etiology was
evenly distributed, there being 40 primary
and 42 secondary cases. Of the primary
cases, 59 feet were operated upon and, of
the secondary cases, 55 feet.

The sex differential was noticeable, there
bemg 54 males and 28 females. The age at
the time of operation ranged from 2 months
to 10 years, although 29 cases were 1 year
and under. In the primary cases, the age

ranged from 2 months to 7 years, while in
the secondary cases it ranged from 10
months to 10 years.

There were two types of complications
following surgery. The more frequent one
was the development of a hallux valgus due
to an overactive adductor hallucis muscle.
This occurred 9 times in primary cases and
once in a secondary case. They all re-
sponded well to adductor tentotomies. This
complication can be avoided if the adductor
hallucis is assessed beforehand. The other
complication was the development of a trou-
blesome keloid formation along the line of
the incision. This occurred three times, two
of them in secondary cases and the other in
a primary case. All required careful excision
and Z-plasty procedures by our plastic divi-
sion. The results were excellent. Two addi-
tional secondary cases required further sur-
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gery for progressive forefoot deformities;
ie., a McCauley release and an anterior
tibial transplant,

The results in the remaining 100 cases
were recorded as good in 90 and fair in 10.

et

Of the 10 cases with fair results, 1 was a
primary case and 9 were in secondary cases.
Good results were considered to be those in
which there was a normal restoration of
position and function of the great toe, to-

Fic 7. Roentgenograms of M F., Figure 6.
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Fia. 8 M.M. (Top) At | month
of age, showing right equinovarus
deformity. (Center) Age 1V3 years
following corrcction of right club
foot but now showing residual hal-
fux varus deformity. (Bottont) 4
years after operation on right foot.

T 1

gether with a loss or a decrease of forefoot
adduction. Fair results included some resid-
ual varus or valgus, together with some degree
of metatarsus varus, none of which was con-
sidered to be to a degree requiring further
surgery.

CONCL.USIONS

1. The abductor and the adductor hallu-
¢is are large primitive muscles of the foot

that on occasions may be responsible for
abnormal human positions and movements
of the great toe and the forefoot.

2. It is important to assess any potential
activity of the adductor hallucis muscle
before operating on the abductor.

3. Hallux varus, both primary and sec-
ondary, is about twice as common in males,

4. Better results may be expected in the
primary cases,
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Fl(_;. 9, V.R. (Top) Age 2 years,
showing bilateral primus and hallux
varus. (Bottom) 4 years after op-
eration, showing correction.

Halluce Var e Metatarso Var

Summario in Interlingua

Le similitude de iste deformitate in le
pede human con le non deformate pede
simian ha suggerite le suspicion de un activi-
tate atavistic del parte del musculo abductor
del halluce. Drssectiones in le sala de opera-
ton & m le curso de necropsias ha confir-
mate iste suspicion e justificate le tracta-
mento delineate in le presente articulo. In
le pede human normal, le abductor e le

adductor del halluce age probabilissime-
mente como stabilisatores durante que in
casos del deformitate sub discussion ilos es
vermente abductores e adductores

Le operation de excision total del abduc-
tor de) halluce, a judicar per le resvliatos de
iste operation in 114 pedes, pare esser un
satis satisfacente manovra que produce pauc
non-successos ¢ complicationes.
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The Author's Bunion Operation
From 1931 to 1959

PAUL W. Laripus, M.D.*

The author's bunion operation was first
performed at the Hospital for Joint Discascs
on April 8, 1931, and thus far has stood the
test of time; it is still being done successfully.
The details of it were published as a pre-
liminary communication in February, 1934.

The purpose of this chapter is to describe
our present-day approach to the bunion
problem. Since the earliest days of his ortho-

* New York, N. Y.

FiG. 1, Tracing of the roent-
genogram of the skinned foot
of an adult female mountain
gonilla (beringei) showing the
location of the section through
the yoint of the hallux and the
first cuneiform. Figures on
the right are accurate coptes
of these sections through the
first cuneiform bones of vari-
ous higher pnimates Line A-B
represents a section through
the center of the first cunei-
form-metatarsal joint in the
plane roughly parallel to the
sole of the foot. Line C-D 1s

]

R Cureforme | of Gonlla gor

pacdic practice, the author has been aware
of the frequent association of the metatarsus
varus primus with bunions. What he was not
aware of at that time was the fact that the
same obscrvation was made by anthropolo-
gists long before orthopaedic surgeons
thought of it. Alrcady in 1882, Leboucq
pointed out that the divergence of the first
metatarsal was due to the extreme angle
made by the plane of the distal articular
facet of the first cuneiform bone with the

A .
0 ]
Gorlagor R Metatorsal § Hearo

s wows rin
e 4

o
Orang uton Ch\mg_unm Chimpanzee  Gordla Gorlla

drawn through the middle of
the joint between the first and
the second cuneiforms and
was found always to have

d [} Lro qord
e e (LT ] m rau
A /b /‘b
Gontla Gonilla Gonlla Gonlla Negro’ Negra
s grd grd  brmged  bengeg o d

TRACING o
X pa7 POt

Gorily beringey @ ¢

practically the same direction as the morphologic axis at the foot. The le B-
orangutan) determmes the mediol stant of the plane of the first cun nenctatrenl jome

The greater this angle the less the slant and, likewise,
According to Schultz, 1n man ths angle is 56 to 50°;

: erform-metatarsal joint.
the divergence of the first metatarsal.

cor n 3 in the terrestrial gorilla beringei it i

35°; in the arboreal Gorilla gonilla it is 30 to 18°; and in monkeys x% is 24 to l.gsl !lt‘hlz ?Jlga;;
semicircle represents the shape of the first cunerform-metatarsal joint, which is more ball-and.
socketlihe 1 movable hallux of the lower primates an ; Fimate and

especially in man, with the loss of mobility of the

d becomes flattened in higher primate and

first 1 i
Buology, vol. 2, no 3 [chapter entitled “The Skele o the Tk pmied from Human

Primates,” by Adolph H. Schultz] by permission of t

ton of the Trunk and Limbs of Higher
he Wayne State University Press)
ne
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FiG. 2. Note the shortening of
the hallucial ray from man to
orangutan and also the increased
divergence of the big toe in pre-
hensile foot of Jower primates as
compared with man (upper
row). The difference between
the big toe in gorilla beringe:

! ] 2 and tl_xat of the Gorilla gorilia‘is
ORMNG UTAN  CHINPANZEE GORLLA(GDRILLA)  GORILLA (BERNGL]) most interesting  Although they
are very closely related, the first

HOWLER MONKEY WHITE MAN spends a great deal of time walk-

i

ABH D

-t .

ADULT FETUS QOMM SH)

.
TETUS (3611 5 H)

ing on the ground; therefore, his
big toe resembles very closely
that of man, while the hallux of
the prevailingly arboreal Gorilla
gorilla still retains simian fea-
. tures and is more Iike that of the
chimpanzee. In the lower row is
a semidiagrammatic drawing of
feet of fetal and adult man, and
howling monkey, showing onto-
genetic reduction of the lesser
digits in adult man and their in-
crease in a grown-up monkey.
Also note that the hallucial ele-

AbULT

ments are almost similar in both embryos, but the first ray of the adult man becomes stouter and
loses 1ts divergence while the reverse growth changes take place in the monkey’s foot. Distance
from heel to second metatarsophalangeal joint 1s same absolute length in all 4 drawings. (Schultz,

A H.: Quart Rev, Biol 1:465)

long axis of the foot This angle approaches
that found 1n the prehensile arboreal foot of
the primates (Fig. 1). In 1927, Straus, an
anthropologist, who probably never saw a
patient with bunions, stated.

In the adult human, the long axis of the
basal phalanx of the hallux is not, as a rule,
in line with the long axis of the first metatarsal
The phalangeal pertisn 1s bent toward the
other digits Adduction of the hallucial pha-
langes 15 the rule for all human development,
bemng quite as marked mn the fetus as i the
adult This condiion cannot be ascribed to
wearing boots, for it 1s general among the lower
primates and was present in a howler fetus as
well. In man it persists most likely as a relic
of the days when the foot was a grasping organ
and the haflux was bent as a hook toward the
other toes

Figure 2 (Schultz, 1926} illustrates the

trend of ontogenetic development of the foot
in the howling monkey and man, and also

shows the changes of the big toe as it gradu-
ally lost its prehensile functions from ape to
man.

Figure 1 (Schultz, 1930) shows the
changes of the first cuneiformometatarsal
joint, also from ape to man The two cardi-
nal features are (1) diminution of medial
slant of the first cuneiformometatarsal joint
and, consequently, also of the medial diver-
gence of the first metatarsal, and (2) the
flattening of the first cunerformometatarsal
articulatron, which 1s more ball-and-socket-
Iike in the mobile hallux of the lower
primates.

The following table (Straus, 1927) brings
out the fact that the varus of the first meta-
tarsal, measured by the angle between the
long axes of the first and the second meta-
tarsals, 1s more marked in the human
embryo, being 32.0° in an eight-week human
fetus, and diminishes to 6.2° in an adult
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Alsberg 1924 "

Dvecrona 1925,

\
\
y

Hueler 1877
Mayo 1903
R Jores
Mubsam

Reverdin 1381 =
Barker 1384
Lobmann 1924

Loisen 1901
Belacesey 1903
Juvara 1922

> Albrecht 1311

mmm -Brenner 1909

)

Fig. 3 Schematic drawing of varwous
operative procedures devised for correc-
tion of bumon The name of the author
a{nd the year of description of the opera-
tion are indtcated. (Timmer, H.: Die Be-
handlung des Hallux valgus, Leipzig,
Barth)

As already stated, the degree of diver-
gence of the first metatarsal away (tibial-
ward) from the second depends upon the
shape and the range of motion in the first
metatarsocuneiform joint. The long axis of
the first metatarsal forms an obtuse angle,
open tibialward, with the long axis of the
first cuneiform; the apex of this angle is at
the first cuneiformometatarsal jownt,

Osteotomy to correct an angulation
deformity of any long bone is performed
usually at the apex of the angulation, and
not distally or proximally to it; otherwise, a
bayonet-shaped deformity 1s produced An
ankylosed knee jomnt with genu valgum or
with flexion deformity 1s best corrected by
an osteotomy placed right through the
former line of the jomnt and not over the
femur or the tibia. Therefore, it is the

author's preference to correct the metatarsus
varus primus at the first cuneiformometatar-
sal joint; numerous and vartable osteotomies
of the first metatarsal shaft, and particularly
so over its distal part, never have seemed to
the author to be mechanically sound (Fig, 3).

Furthermore, any osteotomies require
adequate and prolonged immobilization to
prevent displacement of fragments and to
ensure their firm bony umon. This, agam,
makes them undesirable. In another group
of operative technics, attempt is made to
utilize soft tissues (muscles, tendons or
fascia) to approximate the first metatarsal
head to the second and, thus, to correct the
metatarsus varus primus. For a number of
years it has been our preoperative routine in
bunion cases to take dorsiplantar roentgeno-
grams of the foot tightly bandaged across
the metatarsal heads in addition to other
routine exposures. We learned that in some
cases we were unable to approximate
closely the first and the second metatarsal
heads, with some persistence of metatarsus
varus primus even on tight bandaging. This
was obviously due to a fixed tibial abduction
contracture at the first cuneiformometatarsal
joint, Consequently, is jt reasopable to
expect a small intrinsic muscle of the foot,
as, for instance, the abductor hallucis, when
it is transplanted onto the first metatarsal
neck, to adduct the first metatarsal fibular-
ward, and especially when there is fixed
tibral abduction contracture present in the
joint? Fascial or tendmous transplants an-
chored to the metatarsal necks to correct
their spreading, advocated by some surgeons
today, have also been tried by the author
(1933) but were abandoned in favor of the
bony fusion of the first metatarsocuneiform
joint with creation of a bone bridging the
first and the second metatarsal bases. Of
course, 1t goes withont saying that when
correction of the first metatarsus varus Is
indicated, it is always combmed with the
correction of the valgus deformuty of the big
toe itself. In the latter procedure, not only
do we depend on passive re-establishment
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of balance between (tibial) abduction and
(fibular) adduction of the big toc, but also
we utilize the abductor hallucis muscle to
supply the active power to maintain the big
toc in proper alignment with the first meta-
tarsal, as will be described below (Fig. 4).

Another group of operative technics con-
sist of rescction of the first metatarsopha-
langeal joint itsclf. The old Mayo-Kiittner
resection of the first metatarsal head never
appealed to the author, and he is even
more convinced now than he was in 1934
that “any operation creating shortening of
the first metatarsal, or of the big toe, is
emphatically condemned as unphysiological,
and causing static and dynamic disturbance
of the foot.”

The resection of the base of the proximal
phalanx according to the Keller-Brandes
procedure has gained some popularity re-
cently, mainly because of its simplicity and
allegedly short postoperative  disability.
However, not infrequently after this pro-
cedure the big toe becomes a short, dangling
appendage held above the ground, and the
important “shove-off” function of the big
toe may be lost permanently. Consequently,
if one wishes to obtain as close as possible
restoration of normal anatomic and physio-
logic relations, one cannot accept the Keller-
Brandes operation.

INDICATION FOR OPERATION

Bunions are very common, especially in
females, who, using their feet primarily for
sex appeal, locomotor function being given
only secondary consideration, succumb to
the dictates of fashion and develop the de-
formity. The poorly fitting, narrow woman’s
shoe with a high heel 1s a factor in develop-
ing the malformation in a foot, which most
of the time possesses a congemital and often
hereditary predisposition toward bunion for-
mation. In this respect, the shoe may be
compared with a developing solution that
only brings out the picture in a previously
exposed photographic film.

We have operated upon a large number

of female fcct. Only a few male patients
have sought surgical correction. A large
percentage of bunion feet give very little, if
any, discomfort, and can be treated ade-
quately with properly fitted shoes. On the
other hand, even mild bunions, especially in
females, may produce a great many com-
plaints, especially while “breaking in” a new
shoe,

In addition to actual functional disturb-
ances and disability, quitc a few patients
request the operation for cosmetic reasons.
As a rule, we limit our surgical cotrection
to sclected cases in which functional and
cosmetic consideration scem to warrant it.
Therefore, although for the past many years
we have operated upon a large number of
patients, they represent only a small per-
centage of extremely numerous patients with
bunions treated conservatively. Further-
more, if surgical procedurc is undertaken,
we do not attempt to correct the metatarsus
varus primus as frequently as we did origi-
nally. We must admit that with the accumu-
lation of larger experience through many
years, we have become more conservative
and in a number of cases have limited our
procedure to correction of the hallux valgus
alone. It has been our observation that
after satisfactory correction of hallux valgus,
using our modification of the Silver proce-
dure, the varus of the first metatarsal may
diminish simultaneously, provided that there
is adequate mobility of the first cuneiformo-
metatarsal joint to allow the approximation
of the first and the second metatarsal heads.
This mobility is estimated on roentgeno-
grams with tight bandaging across the meta-
tarsal heads, as already described. It has
been our impression that in spite of the fact
that metatarsus varus primus may be the
main factor, hallux valgus developing sub-
sequently, in a number of cases successful
correction and maintenance of this correc-
Eion of the big toe deformity are more
important and often may be performed
alone. On the other hand, additional correc-
tion of the first metatarsus varus, when it is
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pronounced, with first and second metatar-
sals forming an angle of 10° to 12° or more,
may ensure better results in the long run,

A survey of end-results of various opera-
tive procedures for correction of haliux
valgus performed at the Hospital for Joint
Diseases during 10 years (1931-1940) has
scemed to indicate that better results were
observed when metatarsus varus primus also
was corrected.

We have operated upon a considerable
number of patients under local anesthesia
when we limited ourselves to correction of
the hallux valgus alone. There is no need
for a tourniquet in this procedure, which
also reqiures less time to perform, and the
postoperative recovery may be a few days
shorter. On the other hand, when correction
of metatarsus varus is undertaken, a tourni-
quet is used, and, therefore, general anes-
thesia is required The decision, of course,
should depend on the judgment and the
personal experience of the surgeon, as well
as on the condition and the requirements of
each patient. If the patient is not too old
and 15 robust, and is willing to nvest an
extra week or two 1n anticipation of a some-
what better eventual result, and if the sur-

Fi6. 4. Operative tech-
nic. (Lapidus, P, W.:
Surg. Gynec. & Obst
58:183.) Note the plan-
tar displacement of the
abductor hallucis in
bunions and its action
as a plantar flexor. It is
relocated along the me-
dial aspect of the first
metatarsal, and its ab-
duction action is re-es-
tablished.

geon is quite confident in his hospital facili-
ties and is fully familiar with the foot, the
combination of both procedures may be
indicated. Otherwise, mere correction of
hallux valgus alone will be a preferable and 2
safer undertaking, and may also give a very
satisfactory final result.

OPERATIVE TECHNIC

The present operative technic remains es-
sentially the same as described originally in
1934 (Fig. 4). If the correction of meta-
tarsus varus primus is planned, the operation
is performed under general anesthesia. An
Esmarch rubber bandage is first applied
from the toes up to the Jower quarter of the
leg, where jt is bandaged tightly over a
towel and is used as a tourniquet.

The operation over the big toe joint is per-
formed first A straight longitudinal incision
about 3% to 4 mches (9-10 cm.) long is
made along the medial aspect of the big toe
and the first metatarsal. The subcutaneous
veins are ligated. The medial cutaneous
nerve frequently seen in the wound is iden-
tified and retracted. The bursa over the
bunion is opened, and further dissection is
carried proxumally in the same plane, as the



Fias. 5 to 8, 3 cases (LK., BK. & AS.) following correction of
metatarsus varus primus in hallux valgys (LK. and A S. also had
bilateral second hammertoe operations; in Case A.S., the second toes
also overlapped the big [see Fig, 7, 10p)). Fre. 5, LK (Top) Before
operanon. {Bottom) About 6 years after operation.
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tissues here have very few blood vessels.
The fascia covering the abductor hallucis
muscle is incised longitudinally just below
the insertion of this fascia along the first
metatarsal shaft, A muscular belly of the
abductor hallucis pops out into the wound.
Its loose connection with the first metatarsal
shaft may be separated by blunt dissection.
As a rule, in nearly all bunions the abductor
hallucis is found displaced plantarly, blend-
ing with the medial belly of the flexor hal-
lucis brevis and acting as a plantar flexor of
the big toe rather than its abductor (Fig. 4).
These muscles are separated from each other
also mostly by blunt dissection. The slender
tendon of the abductor hallucis is then fol-
lowed distally and separated from the cap-
sule of the metatarsophalangeal joint down
to its insertion onto the base of the proximal
phalanx, care being taken not to sever this
tendon or to open the joint capsule. The ten-
don is retracted plantarly, and a U-shaped
flap is made in the medial capsule, with its
base attached to the proximal phalanx. This
flap usuvally is about 34 inch (2 cm.) long
and 3 inch (1 c¢m.) wide at its distal base,
tapering proximally to the neck of the first
metatarsal, The capsular flap is reflected dis-
tally, care bemg taken to dissect it from the
medial aspect of the first metatarsal head,
preserving its full thickness, Usuvally a small
artery is cut over the metatarsal neck. The
joint now is opened by reflecting the flap dis-
tally. The neck of the metatarsal is exposed
The “sagittal groove,” so well described by
Haines and McDougall (1954), is noted It
runs in dorsoplantar direction, separating
the normal lateral cartilaginous articular
surface that remains in contact with the
laterally subluxated proximal phalanx from
the fibrously degenerated cartilage of the
medial part of the head. This groove often
1s quite deep 1n marked cascs of bunion and
is reddish, contaming denuded rough bone.
The “bunton” itself 1s represented uysually by
the dorsomedial prommence of the first
metatarsal head This prominence is shaved

off so that the medial, the dorsal and, to a
certain extent, the medioplantar flare-up of
the first metatarsal head is removed Now
the medial part of the head is in the same
plane and s the continuation of the cortex
of the neck and the shaft of the metatarsal.
Occasionally there is a dorsal prominence
over the first metatarsal head, which like-
wise has to be shaved off, Small wood-
carving chisels obtainable in any hardware
store in a set, together with a sharpening
stone, have been used by the author for
many years and are indispensable, particu-
larly for resection of the first metatarso-
cuneiform joint. They are sterilized, to-
gether with the stone, and sharpened just
before the operation. When resecting the
medial part of the first metatarsal head, care
should be taken to preserve its round shape,
and especially jts part covered with the
normal cartilage, without excising too much
bone.

We usually replace the capsular flap and
the skin and palpate through them to be
sure that no bony prominences are left.

The subcutaneous tenotomy and capsulot-
omy then are performed over the fibular
aspect of the first metatarsophalangeal jomnt
from a dorsal approach, while the big toe 1s
forced gently into varus (10°-15°) position
A stout sharp tenotome should be used for
this, and it should be inserted to hug the
bone and the joint closely, as the blood
vessels and nerves pass more superficially to
bone in surrounding soft tissues. The medial
tongue-shaped flap of the capsule s sutured
to the tendon of the abductor hallucis
Jongus with considerable tension, several
No. 00 chromic stitches being used. The
plantar and the dorsal capsular wounds are
also closed. At the same time the abductor
hallucis belly, together with its tendon, 1»
shifted dorsally, runming mow along the
medial aspect of the first metatarsal instead
of plantarly to it, and its action as an
wabductor” (tibialward) instead of a plan-
tar flexor of the big toe now is re-estab-

(-



Fic. 6, BK. (Top) Before operation. (Bottom) About 6 months after

operation.
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lished (Fig. 4). The closing of the capsule
should be performed carefully and judi-
ciously. All capsular slack produced by
resection of the medial part of the head
should be removed, but at the same time
the capsule should not be sutured too
tightly as later to cause limitation of
motion of the big toe; a good balance
between abduction and adduction and dor-
sal and plantar flexion should be created.
As a rule, the big toe in hallux valgus js
in internal rotation, so that both big toe-
nails face each other. This also should be
corrected. In ordinary cases no removal
of the bursa is ever attempted unless sup-
purative bursitis is present. In a few of our
patients, there was communication of the
infected bursa with the joint. In these
cases, after thorough débridement of the
infected tissue, we were able also 10 per-
form the bunion operation with primary
union of the wound and used antibiotics
postoperatively. Occasionally there is com-
munication of the bursa with the joint also in
cases without infection, In one case there was
a very extensive deposition of uric acid in
the bursa, and the joint surfaces were
canary yellow, all impregnated with uric
acid crystals, Perfect primary healing was
also obtained in this 69-year-old man. The
skin is closed without suturing the subcu-
taneous structures, If the procedure is car-
ried out adequately, the big toe remains
well corrected without any external support.
As already stated, in a number of our
cases we were able to obtain very satis-
factory and lasung results after this pro-
cedure alone. If, however, the correction
of the metatarsus varus primus is indicated,
it is carried out as a second step following
completion of the operation on the big toe.
A longitudmal inciston about 312 inches
(9 cm.) is made along the dorsum of the
first metatarsal and the first cuneiform. The
first cuneiformometatarsal joint is exposed

by retracting the tendon of the extensor
hallucis longus medially and that of the
extensor hallucis brevis laterally, The cuta-
neous nerve branches are identified and
protected. The V-shaped space between the
first and the second metatarsal bases is
exposed by dissection, hugging the first
metatarsal closely. The perforating plantar
branches of the dorsalis pedis vessels are
retracted distally and fibularward with the
soft tissues when exposing the second meta-
tarsal base. Occasionally the veins are rup-
tured, but we have never had any complica-
tions from that.

The cortex from the adjacent surfaces of
the base of the first and the second metatar-
sals is removed, leaving the bone chips in situ.
The first cuneiformometatarsal joint is
opened on its dorsal aspect. The adjacent
cartilaginous articular surfaces of the first
metatarsal and the first cuneiform are shaved
off. Here a small wood-carving chisel about
5 jnches (13 ¢m.) long and about % inch
(about 1 cm.) wide, is indispensable! We
learned that no real wedge resection was
necessary, that mere shaving off of the artic-
ular cartilage down to subchiondral bone was
not only enough but also essential in order
to produce close linear coaptation of the
resected joint surfaces and ensure prompt
“primary unjon” of the bones.

One has to become familiar with this
bean-shaped joint, which measures almost
1% 1nches (2.9 cm.) wn dorsoplantar direc-
tion, and approximately ¥2 inch (1.3 ¢em.)
from side to side in its widest dimension. It
also faces plantarward and medially (Fig. 1)-
The articular facet of the first metatarsal
is slightly concave, while that of the first
cuneiform is correspondingly convexed in
sagittal plane. There is also a similar con-
cavity of the first metatarsal and convexity
of the first cuneiform in the horizontal plane.
A snug fitting and close approximation of
the resected surfaces should be obtained. A
hole is then made with a shoemaker’s aw]



FiG. 7, AS. (Top) Before operation. (Bottom) About 6 weeks

post-

operatively.
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over the dorsolateral part of the first meta-
tarsal base, and No. O chromic catgut is
passed through it, using a curved needle,
Proximally, the needle is introduced through
the strong dorsal ligamentous structures be-
tween the first and the second cuneiforms.
When this stitch is tied, a close approxima-
tion is maintained. The pieces of bone ob-
tained from the first metatarsal head are
denuded from soft tissue and cartilage and
cut in very small bone chips, which are
inserted abundantly between the denuded
bases of the first and the second metatarsals,
They later form a bony bridge that main-
tains permanently the correction of the first
metatarsus varus. Skin is closed with silk
without suturing the subcutaneous tissucs.
A 5-inch (about 12 cm.) long and 5/16~
inch (7 mm.) wide steel corset stay is used
as a splint and 1s inserted along the medial
aspect of the first metatarsal over well-
padded dressing, The big toe is strapped to
it at about 10° of varus and in slight external
rotation. The first dressing should be done
snugly, but not too tightly. After adequate
correction, one will find on postoperative

roentgenograms complete  correction  of
metatarsus varus primus without tight band-
aging across the forefoot. Likewise, the
splinting of the big toe should be done most
carefully in order to avoid pressure over the
suture line. This is very important. One
should depend primarily on an adequate
surgical correction, the splinting being aimed
only at maintaining it, rather than on in-
creasing the correction,

Since the introduction of the antibiotics
we have applied an antibiotic ointment rou-
tinely to the suture line* and also given the
patient an antibiotic starting from one day
before the operation and continuing for
about 1 week postoperatively. It was noted
that better wound healing was gained with
prophylactic use of the antibiotics. Particu-
larly, the wound over the bunion showed a
more frequent tendency to form stitch ab-
scesses and to separate in our early cases,
and that tendency appeared to be greatly
decreased by the antibiotics. There was not
a single case of true infection in our latest

# Lately we have been using only Telfa.

FiG. 8 Result at the time stated after operation.



Fics 9 and 10, H.H,, a 52-year-old female with metatarsus varus
primus of 26° on the right and 24° on the left, and right hallux valgus
of 48° and left of 58°. Fic. 9 (Top) Preoperative roentgenograms
of both feet showing very marked deformity. (Botfom) Same feet
about 214 years after the operation performed on November 4, 1953.
Note the heavy bone bridge between the first and the second metatar-
sals. Lateral prominence of both fifth metatarsal heads was also
removed (arrow). (Lapidus, P. W.: Bull. Hosp. Joint Dis. 17:404)



132

The Author's Bunion Operafion From 1931 to 1959

S|

Fia. 10. Both feet on February 13, 1956,
2Y3 years after the operation. Patient still
has very satisfactory correction at the present
time. (Lapidus, P. W.: Bull. Hosp. Joint
Dis 17:404)

(treated with antibiotics) cases. In two cases
there was pressurc necrosis of the soft tissue
over the bunion; 1 one of these (not done
by the author), a satisfactory result and
complete healing were obtained 4 months
after the operation, The second case sub-
sequently developed involvement of the bone
of the base of the proximal phalanx of one
big toe that later required resection of the
Keller-Brandes type. The postoperative dis-
ability lasted on and off for about 1 year,
and the final result after the Keller-Brandes
operation on one foot was considered to be
unsatisfactory by our standards. Although
we had only two cases with this complication
in our large semes, we recommend most

careful postoperative after-care, especially
during the first postoperative week. Usually
we change the dressing on the second or the
third postoperative day and replace carefully
the steel corset stay, maintaining the big toe
at 10° of varus. A great number of our
Fatients have been able to go to the bath-
room bearing weight on their heels on the
second or the third postoperative day and
were discharged from the hospital at the
end of the first week after operation. Only
a few patients required the use of crutches
for the first week or two, A number of
housewives were able to begm some light
housework 2 or 3 weeks after the operation,

The stitches usually are removed at the
end of 2 weeks, and snug bandaging and
adhestve strapping across the metatarsal
heads over an adequate padding are con-
tinued for about 4 to 6 weeks. The splinting
of the big toes may be discontinued 3 or 4
weeks after the operation, depending on the
amount of correction. During the first 2
weeks_ there may be slight overcorrection
with a few degrees of varus of the big toe.
This should not be allowed to remain perma-
nently. Control postoperative dorsoplantar
roentgenograms are taken to ascertain
the amount of the approximation of the
first and the second metatarsal heads and
the relation of the big toe to its meta-
tarsal. Also, they show the amount of bone
bridge formation between the first and the
second metatarsal bases and the degree of
fusion of the first cuneiformometatarsal
joint. Both are usually quite solid at the end
of 3 months, with subsequent roenigenc-
grams showing further consolidation of the
intermetatarsal bridge.

At first, special canvas shoes or wool
socks with leather soles are worn During
the second postoperative month, the patient
may wear wide soft shoes or sandals. After

Fic 11 (on facing page), CJ., a 16-year-old girl. About 2 years previously, she had been

operated upon elsewhere

performed (Mitchell's procedure) in addition to buntonectomy; also su

Bilateral osteotomy (large arrows) at the first metatarsal base was

ccessful correction of

second and third hammertoes had been performed (arrows). There was prompt recurrence of



FiG. 11 (Continued from facing page)
bunions and extensive keloid formation over the Postoperative scars
(skin outline retouched over the bunions).

(Top) 1 year and 8 months follown,
(Bottom) 32 months after the second
the distance between the first and the secand metatarsal heads ang

bony bridging already present between their bases. Excellent correc.-
tion 1s still maintained.
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that time he is able 1o use regular well-fitted
but perhaps slightly larger shoes. House-
wives, as a rule, can resume their usual
work about 2 months after the operation;

patients having to do a great deal of walking _

or standing may require another week or
two before going back to their 8-hour
workday.

Hammertoes and overlapping hammer-
toes, frequently associated with bunions,
usually are corrected at the same sitting.
Essentially, the technic used is that described
by the author in 1939, except that now he
also resects the distal 3 mm. of the proximal
phalanx, care being taken to remove all
prominent bone edges and to establish
proper alignment of the toe. He has been
able to reduce the sometimes present fixed
dorsal subluxation of the basal phalanx of
the lesser toes by a thorough dorsal subcu-
taneous tenotomy and capsulotomy. After
correction of the hammertoe deformity, the
toe is immobilized with gently applied ad-
hesive strapping, maintaining the plantar
flexion at the metatarsophalangeal joint and
dorsiflexion at the interphalangeal joints,
care again being taken not to produce any
ischemic changes.

SUMMARY

A very large number of our bunion cases
were treated conservatively and required no
surgery.

When surgical correction was indicated,
we used cur moadification of the Silver pro-
cedure, consisting of anchoring the abductor
haltucis tendon into mediocapsular flap and
thereby supplying active muscular power in
addition to a passive correction of the val-
gus of the big toe. This operation can be
performed easily under local anesthesia and
needs no tourniquet. It may give a very
satisfactory result in cases without metatar-
sus varus primus or when the varus of the
first metatarsal is not very extensive and 1s
correctible.

In cases with pronounced and unreducible
metatarsus varus—in other words, when

there is a fixed abduction (tibialward) con-
tracture of the first cuneiformometatarsal
joint—better results were obtained following
resection of the first cuneiformometatarsal
joint and creating a bony bridge between the
first and the second metatarsal bases in order
to maintain permanent correction. This pro-
cedure is especially advisable in robust and
not too old individuals.

Our present-day operative technic has
been described in detail, Our operation,
first performed on April 8, 1931, has been
given adequate trial over the years, and our
results—particularly in recent years—have
been most gratifying and warrant continua-
tion of our surgical approach in bunion
problems. The popular Keller-Brandes type
operation is a much simpler procedure, but
it seldom, if ever, results in restoration of
practically normal anatomic and functional
refationship. Although our technic is some-
what more complicated, it certainly is within
easy reach of any qualified orthopaedic sur-
geon with knowledge of the foot.

An additional week or two of postopera-
tive recovery seems to us to be a very sound
investment for the ultimate results in our
cases reviewed years after the operation.
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Summario in Interlingua

Es discutite le tractamento del tumescentia
in le bursa mucose del eminentia al pollice
del pede que es hic designate per le termino
anglese “bunion.”

Un grande numero de nostre casos de
buniones esseva tractate conservatorimente
e requireva nulle intervention chirurgic.

Quando un correction chirurgic esseva
indicate, nos ha servite nos de nostre modi-
fication del technica de Silver que consiste
in ancorar le musculo abductor del halluce
n un panno del capsula medie pro provider
active fortia muscular in uitra del correction
passive del pollice valge. Iste operation es
facile e effectuar sub anesthesia local e non
require le uso de un tourniquet. Illo produce
multo satisfacente Tesultatos in casos sin
metatarso prime varo in que le aspecto var
del metatarso prime non es extense ¢ pote
esser corrigite.

In casos con metatarso marcatemente €
irreducibilemente var—in altere parolas: in
casos con fixate contraction abductional
(verso le tibia) in le prime articulation
cuneiforme-metatarsal—melior resultatos es-
seva obtenite per primo resectionar le prime
articulation cuneiforme-metatarsal e crear
un ponte ossee inter le prime ¢ le secunde

base metatarsal pro assecurar le permanentia
del correction. Iste technica es specialmente
recommendate in subjectos robuste e de
etate non troppo avantiate.

Le technica chirurgic que nos usa cur-
rentemente cs describite in detalio. Nostre
operation—primo effectuate le 8 de april
1931—ha essite testate satis perennemente,
e nostre resultatos (particularmente in re-
cente annos) ha essite multo incoragiante e
justifica le continue uso de nostre methodo
operatori in casos de bunion problematic.
Le frequentemente usate typo de operation
secundo Keller-Brandes es multo plus sim-
ple, sed illo resulta rarmente—si del toto—
in le restauration de practicamente normal
relationes anatomic e functional. Ben que
nostre technica es un pauco plus complicate,
illo certo non excede le capabilitates de un
qualificate chirurgo orthopedic qui possede
un bon cognoscentia del pede.

Un o duo septimanas additional de recu-
peration postoperatori impressiona nos como
un molto sage investimento de tempore si
on considera le ultime resultatos que nos ha
obtenite per nostre methodo a judicar se-
cundo un revista del casos annos post le
execution del operation mesme,
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Surgery of the Forefoot
in Rheumatoid Arthritis®

Mack L. CLAyToN, M.D.y

In chronic rheumatoid arthritis, deformi-
ties of the forefoot are often painful and
disabling. These deformities give pain on a
mechanical as well as an arthritic inflamma-
tory basis. They present difficulty whether
the arthritis is active or “burned out.” The
most common combination of deformities is
hallux valgus and bunion, with depressed
metatarsal heads and varying degrees of
cockup deformity of the toes. Some toes
are slightly flexible, others rigid with dorsal
subluxation or dislocation of the proximal
phal at the metatarsophalangeal joints.
Some also have painful corns over the
dorsum of the middle joint. Pain arses from
abnormal pressure of weight-bearing on the
sole or against the shoe on the dorsum. In
the very early involvement, proper shoeing
and arch supports may help. In advanced
cases, relief of abnormal weight-bearing
pressure can be obtained by surgery The
marked contraction of soft tissues accom-
panying these deformities demands adequate
bony resection for correction and pain relief.
These joints are damaged, and these feet are
already “weak.” The toes have Jost their
usual function not only do these patients
lack the “take-off” to their gait, they even
avoid pressure on the forefoot. Surgery on
the forefoot does not further weaken the

* Paper presented before the American Rheuma-
fism Associatron at San Francisco, Calif, June 21,
1958, and before the Western Orthopedic Assocta-
tion, Denver, Colo, October 18, 1959

+ Chmcal 1nstructor in orthopaedic surgery, Dijvi-
sion of Orthopaedic Surgery and the Arthnts
Climic, Umversity of Colorado School of Medi-
cine, Denver, Colo
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damaged arthritic foot or further impair the
patient’s gait; in fact, his gait is improved.

Aufranc and Larson presented a series of
chronic rheumatoid arthritic feet at the Bos-
ton_ Orthopedic Club in 1949, Surgery had
been performed with varying degrees of
metatarsophalangeal joint resections, with a
resection of the proximal portion of the
proximal phalanx of the great toe. It was
done through multiple longitudinal dorsal
incisions; the head of the first metatarsal had
not been removed.

Hoffman, in 1911, Thompson, in 1938,
and Key, in 1950,% also reported a number
of procedures applicable to the arthritic foot.

RECENT OBSERVATIONS
OF 25 FEET

Painful weight-bearing in spite of conm-
servative therapy has been the indrcation for
surgery. The usual procedure employed in
these cases has been metatarsophalangeal
jomt resections of varying degrees, with or
without resection of the first metatarsal head.
In the later cases, the tendency has been to
resect all the metatarsal heads and a portion
of the necks. A portion of the proximal
phalanges 15 also removed. The distal joints
of the toes have been mampulated straight
to correct “cockup” deformities, Ten foes
have been corrected at one operative pro-
cedure m a number of the patients. Some-
times a metatarsal head that does not have
a callus must be resected because 1t would
remain too promnent after the offending
adjacent head was removed. The tendency
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Figs. 1 to 4, LF., aged 32
FiG. 1. Operative incision and
cyposure, It is easier to do the
second toe first and then proceed
laterally with the third, the
fourth and the fifth, leaving the
great toe to the last.

has been to operate on more toes at one
time. The first cases were done through
multiple longitudinal dorsal incisions, but
now it is considered to be preferable to
operate on all toes through one transverse
dorsal incision at the base of the toes (Fig.
1). Depressing the cocked-up toes tends to
open the incision, and the bases of the proxi-
mal phalanges are excised and the toes
manipulated into the desired position. Then
the metatarsal heads are easily delivered and
adequately resected, and the plantar aspect
1s beveled to give a smooth weight-bearing
surface. The tendency has been to remove
increasing amounts of bone Through the
single meision the exact contour of the distal
metatarsals can be determined and adjusted
as desired. After the bony resection is fin-
ished, the toes can be shifted into the
desired position and the wounds closed, the
subcutaneous tissues and the skin only being
sutured. The postoperative dressing is most
important and 1s applied to give a large com-
pression dressing holding the toes in the
desired position This dressing is undis-

turbed until sutures are removed after about
2 weeks. All the wounds have healed kindly.
Patients have been ambulatory between 5
and 7 days. Usually they are discharged
from hospital between 1 and 2 weeks. The
calluses and the corns disappear with relief
of abnormal pressure, and a weight-tolerant
foot has been obtained.

“These feet do not stand surgery well” is
a common statement, but it is contrary to
the author’s experience. All patients have
been able to wear regular, basic Oxford
shoes (medium or low heels). Often a
metatarsal bar or a light inner arch support
is added as indicated. There was one definite
recurrence under a third metatarsal head,
due to a bony spur on the distal volar aspect.
These should be resected adequately and
beveled at the time of surgery.

In this small series of 25 feet operated
upon, the functional and the cosmetic results
have been gratifying to both patient and
surgeon (Figs. 2-5). All patients have been
satisfied with the results, and usually they
are very grateful for the relief of pain.
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Fia. 2. (Top) Before
operation.(Bottom) Aft-

In 1911, Hoffmann reported an operation
for “severe grades of contracted or clawed
toes.” Some of these cases were “infectious
arthritis.” He resected all metatarsal heads
through a single plantar incision and out-
lined the basic principles for this type of
forefoot surgery:

In lus [Hoffmann’s] first cases, timidity, due
to uncertainty of the outcome, prompted him to
remove barely enough bone to allow the articu-
lar surface of the phalanx to come in contact
with the cut end of the metatarsal bone. Expe-
rience taught that 1t 1s better to remove the entire
metatarsal head and enough of the neck to per-
mt the phalanx to drop nto hine with the result-
ing metatarsal stump without crowding against

it This always resulted in freely movable and 3. Th

serviceable jonts, and in feet that were painless
and, functionally, surpnisingly good.

er operation

1t is preferred to excise a portion of the
proximal phalanges as well as the metatarsal
—this may prevent recurrences—and to op-
erate from the dorsum, but the basic prin-
ciple of adequate bony resection remains
unchanged in correcting fixed arthritic de-
formities of the forefoot in order to obtain
a weight-tolerant foot.
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Fi6. 3. (Top) Before
apcralion. (Bottom) 9
months after operation,

FiG 4. (Top) Before
operat.on (Bottom)Aft-
er operation, The small
toe was so well aligned
with removal of the
metatarsal head that
the proamal phalanx
was not resected. This
represents the minimal
amount of bone to be
resected from the meta-
tarsal heads. In fact, at
the present time we
would probably resect
more from Metatarsals
2, 3 and 4 in a similar
case,




Fia. 5, D.H,, age 33. (Top)
Before operation. (Bottom) Aft.
er operation. No surgery on
Toes 4 and 5 in this case, as
there was normal mobulity with-
out deformity.
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Chirurgia d¢l Parte Anterior del Pede in Arthritis Rheumatoide

Sununario in Interlingua

Deformitates del parte anterior del pede
es commun e grandemente invalidante in
chronic arthritis rheumatoide, sin reguardo
a si le arthritis es active o “consumite.”
Varie grados de tumescentia metatarsopha-
langee ¢ de halluce valge, digitos “altiate,”
e deprimite capites metatarsal se¢ incontra
usualmente. Penose callositates es presente
in le prominentias ossee como effecto de
anormalitates in le absorption del pressura
de peso o como effecto del pression del cal-
ceatura. Anormalitate de pression, usque al
puncto de dramage e de nfection, es notate
frequentemente.

Correcte calceatura e supportos pote esser
de adjuta in casos precoce, sed tal mesuras
es de pauc effecto quando le deformitate ha
jam devemte fixe Dolores sub peso, non
alleviabile per mesuras conservative, es un
indication pro le correctton chirurgic del
deformitate.

Le mesuras chirurgic usate ha essite ade-
quate resectiones de osso e articulationes-——

capites metatarsal e phalanges proximal—
insimul con manipulation del articulationes
distal jn le digitos minor e resection del base
del phalange proximal, con o sin le capite
metatarsal, in le grande digito. Le requirite
mesuras chirurgic pote esser executate in un
sol processo—usque a dece digitos ha essite
corrigite al mesme tempore sin difficultate
durante le operation o durante le periodo
postoperatori. On audi frequentemente le
assertion que le pedes de iste genere non es
ben capace a supportat un interventon chi-
rurgic, sed isto non es de accordo con le
experientia del presente autor. Le technica
chirurgie es stmple.  Per medio del hic-
describite nove methodologia, ambulation ha
essite possibile pro le patientes mtra duo
septimanas post le operatton.

Le resultatos functional e cosmetc in le
casos reportate esseva satisfacente € gratifi-
catori ab le puncto de vista del patiente ©
del chirurgo.
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The Foot in Chronic Arthritis

Joun G. Kunns, M.D.*

INTRODUCTION

The feet are affected in almost all paticnts
suffering from chronic arthritis. With per-
sistence of weight-bearing when active dis-
ease is present, deformity and permanent
articular damage often occur. Treatment of
the feet frequently is delayed unduly because
the progression of the discase is insidious,
and the early disabilities are disregarded.
While disabilities occur in all types of arthri-
tis, the most serious and disabling ones are
observed in the presence of rheumatoid
arthritis. They resemble static disabilities at
first, but they progress rapidly to degrees of
deformuty and dysfunction never observed in
static disability. In osteoarthritis, the disa-
bility and the symptoms are rarely severe.
In gout and in the so-called collagen dis-
eases, it is the complications of the disease
rather than the disease itself that produce
the dysfunction.

The part that faulty statics and trauma
play in the evolution of defornity often is
difficult to measure, but these influence the
development of certain types of deformities
and accelerate their progress. What part
trauma plays in the development of these
changes 1n the feet usually cannot be meas-
ured with any degree of certainty. It is
necessary to try to assess its influence after
certain injuries, particularly industrial ones.
Very rarely is inflammation of the foot alone
found in chronic arthntis In most instances
there are other deformities and faulty me-
chanical use in the weight-bearing portions

* Boston, Mass.
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of the body. Often deformities at the hip
and the knee lead to disturbances in weight-
bearing that aggravate disability in the foot
despite the absence of arthritis.

The aims of orthopaedic treatment in the
arthritic foot are (1) the prevention of
deformity with preservation of function and
muscular strength, and (2) the correction of
deformity and the recovery of function as
much as this is possible. In general, the care
of the feet in arthritis differs from care in
static disability, in that arthritis shows gen-
eral inflammation, severe damage and rapid
progression of deformity. Severe articular
damage and ankylosis of joints are not found
in static disabilities.

RHEUMATOID ARTHRITIS

The most serious disabilities are found in
rheumatoid arthritis. Here the advancement
of the disease and the progression of patho-
logic changes usually take place slowly. The
first observable change is transient swelling
of the articulations, seen most readily at the
ankle and the toes. After a few months this
becomes persistent and is accompanied by
pain and limitation of motion. (Fig. 1, 10p)

With pain, muscular spasm occurs as a
reflex phenomenon to protect the joints.
Muscular spasm leads to deformities usually
in flexion. In early inflammation of the
joints, there are thickening of the synovial
membrane and the growth of panmus over
the hyaline cartilage of the joint. Muscular
atrophy and progressive muscular weakness
develop. Muscular weakness leads to in-
crease of any static deformities that may be
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Fia. 1. (Top) Early
theumatoid  arthntis
with swelling about the
ankle and on the dor-
sum of the foot, There
is beginning flexion of
the toes. (Bottom) Rigid
valgus, with hallux val-
gus and hammertoe de-
formity in a 50-year-old
patient who has had
rheumatoid arthritis 17
years.

present. Relaxation of the articular capsule
and ligaments may take place with early
subluxation of metatarsophalangeal joints.
The foot usually is rolled into valgus with
spread of the forefoot. This is followed by
limitation of motion with equinus and rigid
valgus. (Fig. 1, bottom)

If weight-bearmg continues, changes take
place in the forefoot, hallux valgus, subluxa-
tion at the metatarsophalangeal joints and
hammertoe deformities (Fig 2). In the
healing of the inflammation, partial destruc-
tion, subluxation and ankylosis of the ankle
and the tarsal and the phalangeal joints may
result. Less common pathologic changes
occur in the tendon sheaths with rheumatoid
arthritis. Here granulomatous growths, ad-
hesions, degeneration and rupture of the

tendon may result. Rheumatic nodufes and
inflamed bursae may be found on the foot,
most often near the attachment of the tendo
achillis and along the outer side of the foot.
In these locations they may cause pain in
weight-bearing or from pressure of the shoe.
Vascular changes are sometimes seen These
are of two types. Firstly, the more common
1s venous congestion, sometimes accompa-
nied by varicose veins. Ulcerations often
are seen. They come as the result of limita-
tion of motion and deformity. Secondly,
with dependency of the legs without mus-
cular activity most of the time, arterial
1 occur in 1l id arthritis and
allied collagen diseases, the so-called rheu-
matoid vasculitis with decreased lumen and
lessened blood supply to the extremity.
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Fic. 2. Roentgenogram of fect
of patient with arthritis of 15
years' duration. Atrophy of
bones with beginning fusion of
tarsal joints. There 1s spread
of the forefoot with hallux val-
gus, subluxation at the metatar-

phal ! joints and ! -
toc deformity.

Deformity can be prevented, but the
symptoms that one finds in arthritis of the
foot often are ignored. It is most unusual
for an individual with pain and swelling in
multiple joints to discontinue weight-bear-
g, even when symptoms are far advanced.
If there is no static disability and the patient
wears good, well-fitting shoes, symptoms
often are mild, and deformity develops
slowly. Arthritis rarely begins in the foot,
and usually the patient is aware that he has
rheumatoid arthritis long before the feet
show evidence of it. It is essential to treat
static disabilities of the feet in all patients
with rheumatoid arthritis to prevent or to
lessen the later development of arthritic
deformities in this region. The first symp-
toms are swelling below and around the

malleoli and around the metatarsophalangeal
and the phalangeal joints. This is the time
to protect the foot and to decrease activity.
Later, there is pain on motion and on
weight-bearing. With this there comes limi-
tation of motion, first seen in the ankle joint
and later in the toes and in the tarsal joints.
Within a few weeks there are loss of strength
and muscular spasm. The arches of the feet
no longer are maintained by the muscles,
and the arches become depressed. In the
forefoot, a hallux valgus begins to appear
with depression of the metatarsal heads, a
hyperextension of the first phalanx and
flexion of the other phalanges (Fig. 2).
There is tenderness about the ankle and
the dorsum of the foot. This usually is
accompanied by muscular spasm and pain
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on motion, If there is no protection, the
foot generally goes into equinus with con-
tracture of the tendo achillis. With involve-
ment of the tarsal joint the foot assumes a
valgus position, and eventually cavus also
develops.

Walking becomes painful and may not be
possible. As adhesions and stiffening de-
velop, the foot usually becomes Iess painful
on weight-bearing, and deformities become
more resistant to correction. If perineal
spasm develops, one sees a rigid flat foot,
With cavus and rigidity, weight-bearing on
unpadded areas of the foot leads to the
development of painful calluses and bursae.
Ulceration develops at these areas of pres-
sure, and localized osteomyeltis may occur.

Early treatment attempts to bring the
arthritis under control and to prevent or to
relieve any disability in the feet. Unfortu-
nately, this usually is difficult to carry out
because the patient is unwilling to decrease
or to discontinue weight-bearing. At the
beginning, proper shoes with firm soles and
adequate rqom for the swollen forefoot and
a reduction in weight-bearing will relieve
symptoms. If symptoms are severe, the pa-
tient should not be permitted to walk until
swelling and pain have subsided. If there
are muscular spasm and pain on motion,
support should be provided for the foot.

For milder symptoms when weight-bear-
ing still 1s permitted, the foot 1s protected
by a firm bandage or by adhesive strapping.
‘When symptoms persist and there is pain on
all motions of the foot, a plaster cast is
apphed from the toes to the knee, the foot
being held at right angles to the leg, with
the arches of the feet well molded into the
cast. This cast is worn constantly at first
and is bivalved for other treatments—heat
and exercises—as soon as the patient can
move the foot without much pain The
patient 1s given heat, preferably foot soaks,
twice daily for periods of one half hour
each. This is continued until the swelling
and the soreness have subsided about the
joints of the feet.

To lessen the atrophy and the weakness
that always accompany inactivity, exercises
are started as soon as these can be done
without discomfort. These exercises start
with muscular setting of the flexors and the
extensors of the ankle and the toes, and
proceed to exercises in balance of the foot
and finally in weight-bearing. When the
arches can be held properly in walking, no
further formal exercise program is needed.
The habit of good walking mechanics is all
that is needed to maintain strength in the
feet. While any inflammation is present,
fatigue and pain should be avoided. A sup-
port for the arches of the feet is of value at
this period. We never have scen lasting
benefit from the use of massage or from
vibrator machines on the feet. We prefer
active exercises, but the use of these milder
forms of physiotherapy in the aged and the
debilitated may be helpful sometimes.

If the patient has deformity at the hip and
the knee, 1t is common to find circulatory
disturbances below the knee and around the
foot. This usually is venous stagnation. If
it is allowed to progress, it produces trophic
ulceration on the dorsum of the foot or
above the ankle. It is helped by recumbency
and by elevation of the foot, A pressure
bandage or an elastic stocking is used if th'e
patient must walk. A Unna paste boot is
applied. Exercises to improve the circula-
tion are given.

When deformity has developed, this
should be improved or corrected. In the
muldest type, proper shoeing, supports for
the arches of the feet and exercises may be
enough. If the deformity does not respond
to these, then weight-bearing should be
stopped. Weight-bearing should not be re-
sumed until swelling has subsided and
motions of the foot are painless, In most
instances, nflammation subsides most
quickly if the foot 15 kept at rest 1 a well-
fitting plaster cast. As soon as muscular
spasm begms to subside, the cast is c.h'nnget‘i,
and a cast in an improved position IS
applied If the deformity cannot be cor-
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Fio. 3. Arthritic feet after re-
moval of metatarsal heads for
subluxation and deformity at
metatarsophalangeal joints.

rected by casts, manipulation is attempted.
This is performed under an anesthesia. The
fower leg is held firmly, and the deformity
—most commonly valgus with spasm-—is
corrected. Then a cast is applied in the cor-
rected position. When the soreness from the

manipulation has subsided, the cast is bi-
valved, and physiotherapy is resumed. Trac-
tion never has proved to be an effective
means of correcting arthritic deformity in
the foot.

Surgery is reserved for those feet with
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recurring valgus or ankylosis in bad position
for walking that do not respond to the
previous measures. The aim of surgery is
not a return of normal motion but a stable,
weight-bearing support. The ankle is fixed
at a right angle or, if there is slight flexion
at the hip or the knee, at about 10° of
plantar flexion. Fixation in the tarsal joints
is not disturbed if the heel and the hind part
of the foot are in good alignment for weight-
bearing. With arthritis, one of the common-
est deformities is rigid valgus with cavus,
Here fusion of the astragaloscaphoid joint
may relieve symptoms and prevent recur-
rence of the deformity. With severe deformi-
ties, most often a wedge osteotomy through
the tarsal region is performed. The foot is
held in a good weight-bearing position with
a cast'until the osteotomy has healed. Fusion
of the ankle joint is indicated when the
ankle has been seriously damaged by ar-
thritis. This operation usually gives a pain-
less stiff ankle.

Another severe deformity is a spread of
the forefoot with depression of the meta-
tarsal heads. Severe calluses develop under
the metatarsal heads, and hammertoe de-
formity develops. The simplest and the
most effective treatment is to remove the
metatarsal heads through a dorsal incision
(Fig. 3). For hammertoe deformity, two
simple procedures are effective in the ar-
thritic foot. The deformed toe can be
straightencd. The cartilage is removed from
both sides of the proximal interphalangeal
joint. A firm wire then is dnlled longitudi-
nally through the phalanges. This wire is
allowed to remain until the toe is fused in
full extension This operation 1s most accept-
able cosmetically. It relieves symptoms and
deformity, unless there 1s much destruction
and subluxation at the metatarsophalangeal
joint. With severe subluxation at the meta-
tarsophalangeal joint, removal of the distal
one half of the proximal phalanx is the pre-
ferred procedure. If the axis of the proximal
phalanx is almost vertical from hammertoe
deformity, it 1s better to remove this bone
entirely

For hallux valgus it is often adequate in
arthritis to remove the exostosis. When the
hallux is in severe valgus, the deformity can
be corrected most effectively by an osteot-
omy through the neck of the first metatarsal,
followed by medial displacement of the
distal metatarsal fragment. Fusion of the
first metatarsophalangeal joint in slight
dorsal extension is of value when there is
much arthritic damage in this joint. There
are many intricate procedures for splay foot
and hallux valgus, but these have no place
in the correction of deformities following
rheumatoid arthritis. Occasionally one finds
bony spurs or exostoses on the foot caused
either by pressure or from the calcification
of rheumatic nodules. When these cause
pain, they should be removed. After surgery
of any type on the foot, proper shoes should
be worn, and support for the arches should
be used. Training in proper foot balance
and strengthening of the muscles is carried
out until satisfactory strength and function
result.

Various lesions are found in the soft tis-
sues of the foot in rheumatoid arthritis. The
most common of these is a fungus infection
(epidermophytosis) between the toes and
around the nads. The nads frequently be-
come very hard and deformed. Treatment is
the same as that prescribed for fungal infec-
tion without arthritis. Static ulceration often
is found when the patient sits for prolonged
penods of time, with stiffness at the hip or
the knee. Phlebitis and eczema are other
common complications associated with im-
paired venous crculation. This impaired
venous circulation improves as the deformi-
ties at the knee and the hip are corrected.
1t can be helped temporarily by recumbency
and elevation of the leg and by the use of a
pressure bandage or an elastic stocking.
When it is necessary for the patient to con-
tinue walking, 2 Unna paste boot is applied
to the lower leg. Healing usually progresses
under this. The boot generally is changed
every 2 weeks.

Rheumatoid tenosynovitis is found occa-
sionally in the tendon sheaths and mvading
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Fig. 4. Severe rheu- m—
natoid arthritis of tar- '
al joints, especially
stragaloscaphoid joint,

- —

s

the tendons to the toes, most commonly the
extensor tendons. There is first a thicken-
ing of the tendon sheath with rheumatoid
granulomas. Increased fluid and cystic en-
largement of the tendon sheath are seen fre-
quently. Later there are invasion, degenera-
tion, adhesions and rupture of the tendon.
Steroids usually are injected into the swollen
tendon sheath as an early treatment, with
subsidence of the swelling in about one half
of them. If a large mass develops on the
tendon sheath, this mass is removed surgi-
cally. If invasion of the tendon by rheuma-
toid granulations lead to rupture, the ten-
don is repared. Often repair of the diseased
tendon 1s helpful only temporarily, and
fusion of the toe may be required later.
Snapping tendon from thickening and fray-
ng of the tendon and from thickening of the
sheath just behind the head of the metatarsal
bone is seen occasionally, but this rarely
requires surgical correction. Dupuytren’s
contracture sometimes is found in the foot
with rheumatoid arthritis. Its relation to the
arthritis 15 not known. Rarely is it suffi-
ciently severe to require treatment.

OSTEOARTHRITIS

The second most common cause of ar-
thritic deformity in the foot is osteoarthritis.
This is almost a universal finding in feet after
the age of 60, but in only a small number
(about 5%) are symptoms of sufficient
severity to require medical attention. The
changes that take place in the tarsal joints
are, first, a decreased elasticity in the articu-
lar cartilage, which tends to make the gait
slow and less springy. There are fissuring
and gradual degeneration of the cartilage,
followed by bony overgrowth about the
margins of the joints. Bony overgrowth
around the margins of the tarsal joints and
the metatarsophalangeal joints also interferes
often with the normal range of articular
motion (Fig. 4). This is noticed most often
at the dorsum of the first metatarsophalan-
geal joint, where the bony ridges may inter-
fere with dorsiflexion particularly and lead
to what is called hallux rigidus. At the
insertion of the tendo achillis and at the
insertion of the plantar fascia just beyond
the tubercles of the os calcis, calcification
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Fig. 5. Hallux rigidus, severe
osteoarthritis of first metatarso-

may occur along the ligaments (Fig. 5).
These areas sometimes show as bony spurs,
but at operative exploration one rarely finds
anything more than soft masses of calcium
along and within the ligaments.

Early treatment is recommended to pre-
vent further sprain and deformity. The aging
process, of which osteoarthritis in the foot is
a part, cannot be prevented, only delayed.
Proper shoes and good foot hygiene are
necessary. If static disabilities are present,
these should be corrected or the arches of
the foot should be protected and supported.
Foot soaks should be prescribed and exer-
cises given to strengthen the supporting
muscles of the foot. If there is much arthri-
tis at the ankle joint, a firm elastic bandage
or strapping should be used until symptoms
subside. For osteoarthritis in the forepart of
the foot and for hallux rigidus, a shoe with
a firm sole or a long plate within the shoe
will prevent hyperextension of the toes in
walking and in this way prevent most of the
symptoms.

Mention should be made of intra-articular
injections, which are employed more fre-
quently 1n osteoarthritis than in other types
of arthrits These injections are given pri-

phalangeal joints.

marily for the temporary relief of pain, but
they also reduce articular swelling. Inject-
able steroids of the cortisone group are used
most commonly in suspension. These are
injected directly into the joints of the foot
and in rare instances into the tendon sheaths.
From 25 to 50 mg. of the steroid in suspen-
sion is injected at one time under sterile
precautions. The antiphlogistic and sedative
effect of the drug disappears in 2 or 3 weeks.
Repeated injections sometimes are needed.
However, if several injections do not lead to
relief, permanent support to the joint or
surgery usually is required.

Little surgery is required for osteoarthritis
in the feet, but orthopaedic treatment is
required in all those with pain and disability.
The usual findings are sprain and himitation
of motion. Most of them are relieved by
proper shoes—firm Oxfords with low, broad
heels. Excessive weight should be decreased.
Heat ts used in the form of foot baths when
symptoms are acute, Exercises are given
to secure better weight-carriage and to
strengthen the muscles of the feet. Occa-
sionally mild support—a firm bandage, an
elastic anklet or support to the arches—
may be required. Moderate use, with avoid-



Osteoarthritis 149

Fta. 6. Scvere gout with large
tophi at first melatarsophalan-
geal joint, The one on the left
became uleerated and required
surgical removal, The tophus on
the right almost disappeared with
the prolonged use of wricosunc
agenls.

ance of fatigue in the foot, and leamning to
live within the Hmitations imposed by the
ostecarthritis arc an cssential part of the
treatment,

Surgery is employed chiefly to remove
bony spurs when these cause pain on weight-
bearing and to fuse severely damaged, pain-
ful joints. Bony overgrowth or long spurs
may occur at any joint, but they are found
most frequently at the first metatarsopha-
langeal joint (hallux rigidus) and at the
margins of the tarsal jonts on the dorsal
and the medial sides of the foot. At the
first metatarsophalangeal joint, removal of
the spurs on the dorsum of the proximal
one fourth of the proximal phalanx usually
Wﬂl.relieve symptoms and permit painless
motion. An alternate and cosmetically supe-
fior pracedure is to fuse this joint in very
slight dorsal extension, Simple removal of
other osteoarthritic spurs is adequate. More
often in osteoarthrins than in static disabili-

ties, they will form on the inferfor surface or
side of the proximal phalanges. Bursa will
form on the under side of the spur, and soft
corns will appear on the side of the toe
opposite the bony spur, Here removal of
the spur will lead to the disappearance of the
bursa or of the soft corn. Mention should
be made of the so-called calcaneal spurs
seen on the undersurface of the os caleis
near the attachment of the plantar ligament.
Removal of these never is necessary in
osteoarthritis. Operation will reveal only
soft, amorphous calcium deposits at the
attachment of the plantar ligament. Treat-
ment of the sprain in this region will lead to
gradual disappearance of the calcium de-
posit. Sometimes a very painful ankle joint
or astragaloscaphoid joint cannot be made
comfortable in weight-bearing by conserva-
tive measures. In such instances, fusion of
the ankle joint 1n slight (10-15°) equinus
has been the treatment of choice. With
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Fic. 7. Foot in severe scleroderma.
Cavus deformity with contracture and
dorsiflexion of the toes.

severe osteoarthritis of the astragaloscaph-
oid joint, fusion of this joint with the arch
in normal alignment produces a satisfactorily
functioning foot.

GOuUT

The third type of articular disease causing
serious disability in the foot is gout. In this
disease there is often a precipitation of
sodium biurate in the pedal extremity, par-
ticularly about the great toe. This deposit
of urates occurs chiefly in the periarticular
fibrous tissue of the first metatarsal phalan-
geal joint. In the acute attack, there are
often very severe pain and swelling, and
walking is 1mpossible. Later there is dis-
comfort, but walking can be performed if
pressure does not fall on the inflamed area.
At times, deposits of urates are found on the
dorsum or other areas of the foot. Occa-
sionally, surgery is required for the removal
of these deposits 1f they become ifritated or
interfere with function. The mass is removed
as completely as possible. Tendons, blood
vessels and nerves often are involved in the
urate deposit. They should be spared if this
can be done The treatment of gout is almost
entirely medical, and most large tophi can
be removed or reduced greatly n size by
the prolonged use of uricosuric drugs, such
as probenecid

COLLAGEN DISEASES

Orthopacdic problems are presented by
most patients with collagen diseases, par-
ticularly scleroderma. In this disease de-
formitics usually are found in the hands and
the feet. There is slowly increasing indura-
tion of the skin and deeper structures, often
followed by atrophy and deposition of cal-
cium jn the aifected tissues. The chief
symptoms in the fect are stiffness and tight-
ness. Walking becomes increasingly difficult.
While there is no cure for the collagen dis-
eases, the stiffness and the deformity can be
delayed by proper support of the foot,
physiotherapy and the use of steroids. With
stiffness and deformity of the foot, shoes
must be fitted loosely, and supports for the
foot usually are required. When the progress
of the disease is slow, the patients with good
orthopaedic care often may continue to walk
and to be active for years.
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Le Pede in Arthritis Chronic

Sunumnario in Interlingua

Le pedes exhibi invaliditate in quasi omne
patiente con arthritis chronic. Iste invalidi-
tate es aggravate per vitios in le absorption
del pressura de pesos e etiam per trauma
acute. Le plus sever grados de deformitate
in Ie pede es incontrate in casos de arthritis
rheumatoide. Hic le pede exhibi deformi-
tates flexional, adhesiones, subluxationes

articular, ¢ ankyloses. Le majoritate de istos
polc esser prevenite per un precoce tracta-
mento. In casos in que le deformitate ha
devenite fixe, intervention chirurgic es fre-
quentemente i. Minus prc i

grados de invaliditate es observate in osteo-
arthritis, gutta, e le morbos de collageno.
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Torsion of the Legs in Young Children

J. HiraM KITE, M.D.*

INTRODUCTION

Torsion of the legs refers to a twisting of
the entire leg or a part of the leg on its
longitudinal axis. If the torsion involves
the entire leg, the rotation is in the hip
joint. Torsion may involve only a part of
the leg. In this case it is usually between
the knee and the ankle. It may be a lateral

* Atlanta, Ga.

or a medial twist. The torsion may be con-
genital or acquired.

In lateral torsion of the entire leg, the leg
is rolled out at the hip, so that the patella
and the toes point outward, away from the
mid-line 45° or more. In these cases the
fect vsually are flat,

In medial torsion of the legs, usually the
parents complain that the child is pigeon-
toed or bowlegged. The patellas and the feet

Fic 1, RB To show that sleeping in a fr

allows the legs to turn out at the hips to a

turn out wn a flat-foot position
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og posttion on erther abdomen or back
laterally rotated posttion. The feet also
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Fio. 2, P.P. (Left)
When this 8-month-old
child pulls wup and
stands, the legs roll out
at the hips, The patellas
and the feet point out-
ward about 70°, (Right)
The only treatment that
this child had was the
turning of the legs me-
diaily by the mother
and” the wearing of
swung-in shoes. The
child walks with the
feet straight at the age
of 2

point toward each other 30° or more. These
feet usually have a good arch.

History. Fifty years ago, when a child
was either knock-kneed or bowlegged, it was
said that he had rickets. If the usual roent-
gen picture of rickets was not present, it
was still assumed that he had had rickets
and that the lesion had healed. When the
roentgenograms failed consistently to show
the lesions of rickets, it was necessary to
search for some other cause for the de-
formity.

Etiology. The parents nearly always try
to explain the deformity by saying that one
or the other of them has the same deformity.
In most cases, examination of the parents
shows that this is not so. Occasionally a
child may be born with medial torsion, but
it 1s my belief that in most cases torsion,
both lateral and medial, is acquired.

LATERAL TORSION

Lateral torsion of the legs usually is pro-
duced by the infant’s sleeping constantly on
his stomach in a frog, or spread-eagle, posi-
tion. However, this is the safest way for a
baby to sleep, in case he regurgitates. When
placed on the stomach, many babies will

spread the legs out 90° from the trunk. If
they do not do so spontaneously, the diaper
that is too large holds the legs at a right
angle to the pelvis, as does a Frejka pillow,
for the correction of a congenital dislocation
of the hip. The baby soon becomes accus-
tomed to this position and does not like to
change to another (Fig. 1). The knees flex
to a right angle, and this rolls the legs out
90° at the hips. The muscles and the liga-
ments about the hips soon become stretched
and fixed in this position of outward rota-
tion.

This position causes the baby to develop
another deformity. The great toe and the
medial border of the foot rest on the mat-
tress, and the foot is pushed out gradually
in an everted, or pronated, position. The
baby soon begins to pull the feet out and up
in a calcaneovalgus position. This is the
only way the foot can go; the mattress blocks
inversion. The anterior and the posterior
tibial muscles are stretched, and the peronei
muscles are shortened. The muscles, which
once were nicely balanced, are thown out of
balance.

Physiologically, the muscle that is
stretched loses a little power, and the one
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that is contracted gains a little power. Me-
chanically, the muscle that has 1o pull from
around the corner, works at a mechanical
disadvantage, while the muscles that pult in
a straight line gamn an advantage. It is prob-
ably for this reason that the peronei are able
to continue to pull the foot out and up into
a flat-foot position.

When the baby is placed on his back, the
same frog position is assumed. The thighs
are kept at a right angle to the pelvis, the
knees are fiexed, and gravity pulls the feet
out in a flat-foot position.

When the child becomes old enough to sit
along, he sits tailor fashion with the thighs
still rolled outward. When he stands, the
entire leg is rolled out at the hip, so that the
knee and the toes point outward from the
mid-line 60° or more. He will walk with
the feet in this same outwardly rotated posi-
tion (Fig. 2).

RoTATION TEST

The rotation test is done with the child
lying flat on his back (Fig. 3, rop, right}.
The legs are grasped by the feet (Fig. 3,
bottom, lefr), and an attempt is made to
rotate the legs in and out at the hips. Nor-
mally, the legs can be turned out arnd in
about the same amount. I lateral rotation is
present, the legs can be rolled outward until
the patellas and the feet both point outward
about 90°. When one tries to rotate the
legs medially, they can be turned medially
only a little past the mid-position.

TREATMENT

Lateral rotation of the legs can be pre-
vented by teachmng the baby to sleep in
several positions. He may sleep on the ab-
domen, but not always in the same position.
Also, he may be placed first on one side
and then on the other, alternating with the
feedings. When he is on his side, with the
knees flexed, the fegs will be in a neutral
position as regards rotation, This 1s true for
both legs. The infant may not feel secure

on his side and will try to turn. It is neces-
sary to give his back good support3 A
rolled-up baby blanket will provide a firmer
support than a pillow. He may be placed on
his back for exercise.

When the outward rotation becomes fixed,
treatment will be needed to correct this, The
baby is placed on his back, and the mother
grasps both legs at the knees and rolls the
legs medially. At first the patellas cannot be
made to point medially much past the mid-
ling. She holds them in this position for
about 5 minute, relaxes for a few seconds to
rest the baby and herself, then turns them in
again and holds them. She does this for 5
minutes morning and night. It is suggested
that she make this a part of her routine
when giving the baby a bath or putting him
to bed.

Usually this is the only exercise that the
mother is shown on the first visit. When she
returns in about 6 weeks, she 1s checked on
her stretching, and, if she is not doing it
correctly, she is given another demonstra-
tion. If the child is standing and the feet
are flat, the mother is shown how to turn
the feet down and in to correct flat-foot
deformity.? The child is ordered the lightest
of the swung-in shoes available. Later, after
he is walking, he can have heavier swung-in
shoes with a Thomas heel and a long medial
counter.

If the mother fails to rotate the legs
medially, the lateral rotation can be cor-
rected by sleeping in a brace (Fig. 4). This
brace consists of a bar placed across the
shoes that can be adjusted to rotate the legs
in at the hips. Usually this will be successful
in from 3 to 9 months, depending on the
age of the child and the severity of the
deformity. Generally it takes longer to cor-
rect the fiat-foot deformity than 1t does the
lateral rotation of the legs.

If the older child with the rigid flat feet
does not respond to this treatment, a short
course in casts will correct the Rat-foot
deformity. In only an occasional case will



FiG 3, BM (Top, left) A 3-year-old boy who had always walked with his legs
turned out and was flat footed. (Top, right) The legs assumed spontaneously an
outwardly rotated position when he was relaxed. (Bottom, left) The “rotation test” was
done by trying to turn the legs medially. In lateral torsion cases, the legs can be turned
i until the patellas point straight forward but cannot be turned in much farther.
(Bottom, right) Shows the result 6 months later, after the legs had been rotated medually
and the boy had worn swung-in shoes.
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Fia. 4, M.M. Lateral rotation of the
legs s corrected by letting the child sleep
in shoes attached to a bar. These should
be swung-in shoes, and they can be ad-
justed on the bar to turn the legs m more
as the child becomes accustomed to the
more medal position.

casts be needed. Casts are followed by
swung-in shoes, and in severe cases a metal
or a rubber arch support is used.

MEDIAL TORSION OF THE LEGS

Medial torsion may be divided into two
types—congemital and acquired.

Congenital medial torsion was described
by Nachlas,* who thought that it was an
atavistic trait or that it was a delay in the
development of the leg The deformity in

these babies is noticed at birth, and it is
more difficult to correct than the acquired
type.

Acquired medial torsion is the type seen
most frequently. Immediately after birth
this baby also is placed on his stomach. Ap-
parently he is uncomfortable uatil he gets
his knees up under him in the feral position.
‘Then he will drop off to sleep. His hips and
knees are flexed, and the feet are turned in
toward each other, so that his weight is on
his feet. He doubles up as though he were
cold When he is older, he gets into this
position and rocks back and forth on his
feet. When he is still older and is sitting
alone, he flexes his knees and sits back on
his feet with his feet turned in, or he sits
between his feet, as shown in Figure 5.

In studying medial torsion, we must place
the children in three groups as to the loca-
tion of the medial torsion. At times the
torsion predominates at a single location,
but usually it is a combination of two loca-
tions.

1. Medial torsion may be chiefly in the
hips. We detect this by the rotation test
mentioned above, The legs are grasped at
the feet and gently rolled in and out at the
hips. If medial torsion 15 present, the legs
can be rotated medially until the patelias

¥ic. 5, LD, When the chid
sits on her feet, it puts a medial
twist between the ankle and the
knee. When she sits betsween her
feet, each thigh 1s turned medt-
ally, and the entire leg 13 rolled
1n medsally at the hip ~ (See also
Fig 6}
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Fio. 6, S.D. (Left) Child 2
years old sitting comfortably be-
tween her feet, This turns the
thighs medially at the hips, so
that the anterior surfaces of the
thighs face each other. She also
sat on her feet. {Right) Shows
how she stands and walks,

face each other, but the legs cannot be
totated outward much past the mid-position.

This medial torsion in the hips is acquired
by the child sitting between his fect, as in
Figure 6. He ficxes his knees and places the
feet opposite each hip. This rolls the legs
medially until the anterior surface of one
thigh faces the other. The legs are rolled
medially 90° in cach hip. This becomes the
child’s position of comfort. Every time he
crawls over to get a new toy, he always sits
back between his feet in this same position.

2. Medial torsion may occur between the
knee and the ankle. This is detected by
letting the child sit on the edge of the table
with his feet dangling (Fig. 7). Normally,
the forefoot points straight forward. If there
1s medial torsion in the lower leg, the feet
will point toward each other from a few
degrees to as much as 45° or more. This
deformity is first produced by the infant’s
sleeping with his hips and knees flexed and
his feet doubled up under him. Later, when
he is old enough to sit, he flexes his knees
and sits back on his feet, with his feet both
turned toward each other (Fig. 5). At times
he sits first on one foot and then on the
other. He sits more often on the left than
on the right foot.

In the older child, we can tell that he sits
on his feet by looking at his foot (Fig. 8).
When he has been sitting on his feet, he has
a bony promimence over the head of the

talus and the anterior, external corner of the
calcancus, His weight comes on these two
bones, and we get an enlargement of the
bones from pressure similar to the hyper-
trophy of the head of the first metatarsal
from the pressure of a narrow woman’s
shoe. The skin gradually becomes thick and
calloused over these points of pressure.
Occasionally girls are taken to the doctor by
the mother with the complaint that the
daughter has ugly knots on the side of her
feet.

Fic. 7, L.D. To test for medial torsion
between the knee and the foot, let the
child sit with the legs dangling and notice
whether the feet point straight forward or
turn in toward each other,
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Fic. 8. When the child sits on his feet
with the feet turned in under him, he
develops an enlargement over the head of
the talus and the anterior external corner
of the calcaneus.

Sometimes -a child is seen with a very
short heel cord, so that the foot cannot be
dorsillexed above a right angle. At first this
was difficult to explain when there was no

" $ign of paralysis or other trouble. Watching
the child sit and play with toys, supplied the
answer. When he sits on his feet with the

Fics. 9 and 10, R. N.
FiG. 9. When the boy
sits on his feet with
them straight back
an equinus position, he
develops a short heel
cord.

Fia. 10. His weight comes on the dor-
sum of the foot, and he develops a promi-
nence that has been called overbone.

feet pointing straight back, the pressure
comes on the dorsum of the foot, and he
develops an enlargement on the dorsum,
which has been called overbone. The
Achilles tendon becomes contracted, as it
does when a female wears high heels con-
stantly (Figs. 9 & 10).

3. The third type of medial torsion
occurs between the toes and the heel. This
is metatarsus varus and is mentioned only
for differential diagnosis. This deformity is
in the foot itself (Fig. 11)}. The forefoot is
adducted and inverted. There is a higher
arch than normal. The great toe is widely
separated from the second toe. The lateral
border of the foot is convex instead of being
straight. A prominence is present at the
base of the fifth metatarsal and cuboid.

Occasionally it is difficult to tell at first
glance whether the turning in of the feet is
acquired from sitting on them or whether 1t
1s a congenital adduction of the forefoot.

The test to separate these two conditions
is to hold the heel firmly and abduct the
forefoot. In the case of medial torsion, the
forefoot can be abducted a little past the
mid-line of the foot in the normal manner.
In metatarsus varus, the forefoot is stiff and
cannot be abducted to the mid-line. In
medial torsion, the child voluntanly adducts
and abducts the foot normally In metatar-
sus varus the forefoot is constantly adducted
and supinated.
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Fre. 11, C.A. Typical cangenital meta-
tarsus varus deformity. This should be
differentiated from the turning in of the
forefoot from sitting on it.

SYMPTOMS

In addition to the child’s being pigeon-
toed, the mother frequently complains that
he is bowlegged. This deformity is more
appatent than real. The child tries to cor-

F16. 13, R L. (Left) A 2-year-
old who stands with feet straght,
and he does not appear to be
bowlegged. (Righ) When he
walks, his feet turn in, and he ap-
pears to be bowlegged.

Fia. 12, SW. (Left) To show that the
bowlegged deformity is more apparent
than real. When the feet point straight
forward in medial torsion of the lower
legs, the knees must point laterally. The
medial side of the leg faces forward, and
the legs appear to be bowed, (Right)
When the knees are made 1o point jor-
ward, as they will do in walking, the feet
will be placed in a mediaf position. In this
position the legs appear to be a little
knock kneed, as they should be at this age.

rect the medial torsion by walking with the
fect straight. In order to do this he must
turn the entire leg outward at the hips. This
makes the patellas point laterally. The me-
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dial side of the leg faces forward. When the
feet arc placed with their medial borders
touching, the knees appear to be two or
three fingerbreadths apart. However, if the
legs are turned medially until the patellas
point straight forward, the knees are closer
together than the ankies, This makes him a
little knock-kneed, as he should be at this
age (Fig. 12).

Usually in cases of medial torsion the
child appears to be more pigeon-toed and
bowlegged when he walks than when he
stunds (Fig. 13).

All these medial torsion cases have more
lateral convexity of the lower leg than
normal. This tends to make the legs look
more bowed. This lateral convexity may
be more severe in the congenital than in
the acquired case.

F

For accurate diagnosis it is desirable to
distinguish between the congenital and the
acquired types. A helpful test is to do again
the rotation test. If the legs can be turned
in and out alike at the hips, the deformity
probably has existed from birth. If the legs
can be rotated medially until the pateilas
face each other, but cannot be turned out
past the mid-position, the chances are that
the deformity was acquired.

ROENTGENOGRAMS

Many years ago jt was taught that bow-
legs and knock-knees were the result of
rickets. The roentgenograms in cases of
med:al torsion never show the changes in
the epiphyseal lines that were considered to
be typical of rickets; they show a curve in
the shadow of the soft parts, but the shafts

Fic 14, MH (Lefr) The roentgenograms in these medial torsion cases do not pre-

sent the appearance of rickets There is a

stde. The soft parts show the curve, but the shafts of |
The curve 1s produced by the slant of the epiphysial line,

runmng over of the metaphysis on the medal

f the tibia and the fibula are straight.
which is tilted toward the

concave side of the curve (Right) When the deformity 1s corrected, the epiphysial
Iines agamn become transverse to the mid-lne of the shatt.
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of th €2 znd the &bula are straight (Fig.
14). The changes in the bones oocur only
at the epiphvees] lines, There is a tiliing of
the Tine tomard the concave side of the
curve, There & some running over of the
metaphvec on the madial side. When the
deformin Bac been correctad. the epiphyseal
fines 2c2in become transverse to the mid-
line of the shaft.

TREATMENT

The prevention of medial torsion should
be begun when the baby is first taken home
from the hospital. The safest position for
the baby is on his stomach. He should not
always ‘s!'::p with his knees doublad up
under him but part of the time with the
legs in the frog position. I he is alternated
between the knee-chest position and the
frog position. he wilt develop normally. Side
sleeping will also help to prevent any fixed
Totation deformity of the legs.

The child who sits between his feet
should be made to sit part of the time tailor
fashion, so as to rotate the legs laterally.
This will prevent any fixed deformity. Sit-
ting in a chair or riding a Kiddic Kar will
keep the hips in 2 neutral, or normal, posi-
tion.

If the deformity is severe and fixed, the
mother is taught to grasp his knees and roll
the legs laterally as far as they will go
She is to hold them in this position for 12
minute; a few seconds will do no good.
This stretching exercise is done for at least
5 minutes every morning and night. 1t may
also be done for a short while when the
mother changes the baby or holds him in
her arms, If there is no response in several
months, or if the mother does not do the
manipulations, the deformity can be core
rected by having the child sleep in shoes
with a bar across the shoes, with the shoes
turned out on the bar.

To correct the medial torsion between the
knee and the foot. the habit of sitting on the
feet must be overcome. This usually can be
accomplished by the mother's reminding the

F16. 15,J S, Doubleley braces are usad
to corrent the madial 1orsion in the Nery
resistant cases. The lateral hars are ai-
tached to the pelvic band in suzh a manner
as o tum the entire log outward, There
i 3 pad at the madial sidz of the knce and
astrap round the madial malteols and the
fateral bar. This fives each end of the
lower feg. There is a strap round the lat-
eral side of the lower leg that is attachad
to the medial bar. This corrects the lateral
convesity,

child every time he sits on his feet to et
off his feet and place them in front of him,
At times a bracelet with large links is put
around the ankle. ‘This makes sitting on the
feet uncomfortable, N

When the medial torsion s well estab-
lished, the same treatment is given for both
the congenital and the acquired types. The
mother is taught how to grasp the ankle on
the medial side with one hand and the lateral
side of the knee with the other, and 1o
unatwist the leg, much as she would do in
wringing clothes.® This

again is not a wiggle
but 2 steady hold to st tt

retch and untwist the
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Fic. 16, MLP. (Left) To show another type of deformity in a 6-year-old boy

3

who sits

between his feet with his feet turned out in a flat-foot position. {Center) When he is
allowed to sit to test for torsion in the lower legs, the feet turn outward. This is the result

of the outward twist from sitting this way.

(Right) He is able to walk with his knees

pointing straight forward, but the feet turn out in an abducted or a flat-foot position

medial torsion, She does this at ¥2-minute
intervals for 5 minutes twice a day.

To correct the lateral convexity, the
mother should stand at the side of the lower
leg, grasp the ankle and the knee, and with
her thumbs make pressure on the lateral side
of the leg over the fibula, at about the
middle of the leg. This is done in much
the same way that one would straighten a
wire. This position is held about ¥ minute,
as in the other exercises.

A few of the cases in the congenital group
will respond to this treatment, especially
when the treatment is begun shortly after
birth. The acquired group responds more
promptly.

In those cases that do not respond or
those in which the mother does not carry out
these exercises, the deformity can be cor-
rected by double leg braces. The mother is
encouraged to use the exercises until the
child is 15 to 18 months old and then get
the braces if necessary. After the child is
2¥5 years old, the braces are slow to cor-
rect the deformity

The double Jeg braces are attached to a

pelvic band (Fig. 15). The lateral bar of
the brace is attached to the pelvic band so
as to rotate the entire leg laterally, There
are hinge joints at the knee. The bars be-
tween the knee and the foot are also set to
turn the feet out a little farther. To correct
the lateral convexity, there is a pad at the
medial side of the knee, and at the ankle a
strap around the medial malicolus and the
lateral bar. This fixes each end of the leg.
At the middle of the lower leg there is a
broad strap around the lateral side that is
attached to the medal bar. By tightening
this strap, pressure is made on the lateral
side of the leg to correct the lateral convex-
ity. The brace has a normal joint at the
ankle and is firmly attached to the shoe.
These braces are worn only during the day,
when strain is coming on the leg. The braces
usually correct the deformity in from 6 t0 12
months, depending on the severity of the
deformity and the age of the child.

SHOES

In the cases of medial torsion, the feet
turn in and usually have good arches and a
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normal imprint. These children will not
need special shoes. A few such children will
sit between the feet and turn the fect out
into a flat-foot position (Fig. 16). These
feet should receive the samc treatment as
recommended above for flat feet.

REFERENCES
1. Kite, J. H.t Treatment of flat feet in chil-

dren, M. Ann. District of Columbia 21:
316-319, 1952,

2, : Torsion of the Jower extremitics
in small children, 1. Bone & Joint Surg.
36-A:511-520, 1954.

: Flat fect and lateral rotation of

legs in young children, J. Internat. Coli.

Surgeons 25:77-84, 1956,

Nachlas, 1. W.: Medial torsion of the leg,

Arch. Surg, 28:909-919, 1934,

>

Torsion del Gambas in Parvulos

Summario in Interlingua

Torsion del g es un displaci J
circum le axe longitudinal e affice o le
gamba integre o un parte del gamba. Sile
torsion interessa le gamba integre, le rota-
tion occurre in le articulation del coxa,
Quando Ie torsion interessa solmente un
parte del gamba, il se tracta usualmente del
segmento inter le genu e le cavilia. Le
torsion pote esser lateral o medial. Illo pote
esser congenite o acquirite.

Torsion lateral es acquirite si le baby
dormi super su stomacho con le gambas
rectangular al trunco. Iste position promove
etiam le deformitate del pede plan. Quando
tal infantes prende un position sedite, illes
lo face como sartores, con le gambas rolate
extrorsemente,

Torsion medial pote esser presente al
nascentia € es un deformitate congenite
quando illo excede per multo lo que es

normal. Torsion medial pote esser acquirite
si le baby dormi super su abdomine con le
genus flexite e le gambas plicate in le posi-
tion de “genu a thorace.” Usualmente le
pedes es tornate al interior, con le effecto
que le infante va marchar “halluce super
halluce.” Quando tal infantes prende un
position sedite, illes reposa super lor pedes
€ inter illos, con le resultante production de
un torsion del gamba inferior o del gamba
total.

Deformitates non occurre si le infante
non prende semper le mesme position in
seder se. Si un del positiones describite
deveni un “position de conforto,” il es diffi-
cile rumper le habitude. Le tractamento
consiste in alterar le position del dormir e
del seder € in contratorquer le deformitate
manualmente o per medio de un apparato
de supporto.
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Arthrodesis of the Foort

Harry D. MorR1s, M.D.*

Since the earliest ankylosing procedure on
the foot was recorded by Albert,® of Vienna,
in 1878, orthopacdic surgeons have noted
that arthrodesis of various joints of the
foot and the ankle has proved to be increas-
ingly useful in the treatment of paralytic
and congenital deformities of the foot, pain
and disability of the foot after fractures
involving the articular surfaces of the joints,
and static conditions of the foot due to liga-
mentous relaxation. The joints most fre-
quently arthrodesed are the calcaneo-astrag-
aloid or subtalar, the astragaloscaphoid and
the calcancocuboid. Arthodesis of these
three joints is known popularly as triple
arthrodesis, and addition of the tibio-astraga-
lar joint constitutes panarthrodesis. Indica-
tions for arthrodesis of the ankle and the
tarsal joints, as pointed out by Caldwell,”
may be considered broadly to include mus-
cular imbalance after paralysis of or injury
to the muscles controlling the foot and the
ankle, and pamnful motion followed by 1rrep-
arable articular damage and bony deform-
ity, esther congemtal or acquired

A brief istorical review of the various
procedures that have led to our present con-
cept of arthrodesing operations about the
foot should be of interest to every ortho-
paedic surgeon. Much of the following
information was obtained from Bick’s* excel-
lent Source Book of Orthopedics Albert®
generally 1s given credit for conceiving the
idea of stabilization for relief of paralytic
deformities of the foot, and in 1878 he de-
scribed his method of denuding the articular

* The Department of Orthopaedic Surgery, Ochs-
ner Climie, New Orleans, La
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surfaces of the tarsal bones and allowing
fusion to occur during a period of immobili-
zation. In 1889, Golding-Bird,'® the English
surgeon, reported several cases in which he
had performed astragaloscaphoid fusions
and also removed the navicular and, in some
cases, the head of the talus for severe flat-
foot deformities, and he is credited with the
first surgical efforts of an arthrodesing nature
to correct flat feet.

Although astragalectomies were reported
to have been performed for paralytic foot
deformities in the 1880's by Albert, Lorenz,
Schonborn and Helferich, it was Whitman,3
in 1901, who popularized this procedure, and
he has been credited by most authors with
introducing it. Whitman established definite
indications and formulated a technic for
this operation, with the omginal intention
that it should be used for calcaneovalgus
deformities in children between the ages of
5 and 15 years. This operation, though not
an arthrodesing procedure, when performed
within its wdicated limitations resulted in
improved function in many cases. Today,
most orthopaedic surgeons believe that all
the benefits of astragalectomy 1 paratytic
feet can be obtamned by much less mutilating
procedures of arthrodesis and tendon trans-
plantation, and 1n the young perhaps by
utilizing the technic of Grice.** Whitman
deserves much credit for stimulating interest
in correction of paralytc deformities of the
feet, and undoubtedly he hastened develop-
ment of the arthrodesing procedures that
are commonly in use today.

Apparently dissatisfied with the operation
of astragalectomy, n 1908 Jones* described
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Fio. 1. Panastragalmd asthrodesis, de-
scribed by Lorthoir i 1911,

a two-stage operation for panastragaloid
arthrodesis for calcaneovalgus and calcaneo-
cavus feet, and a similar operation. described
by Goldthwait,'? was recommended for vari-
ous types of paralytic deformities. Neither
procedure gained widespread usage. In
1911, Lorthoir®® reported 8 cases in which
the astragalus was removed, and all carti-
Jage was denuded and then replaced, in an
effort to obtain multiple arthroses of the
involved joints. In 1911, Davis'® introduced
an operation that he advocated for correc-
tion of calcancovalgus deformity in paralytic
feet and termed transverse horizontal sec-
tion. Cook,® who was a member of the
committee appointed by the American
Orthopaedic Association in 1920 to investi-
gate the best methods of obtaining stability
of the foot in paralytic conditions, described
Davis’s second operation in the following
way:
Transverse horizontal section consists of a
subastragalar arthrodesis plus a very free sub-
cutaneous dissection of the soft structures about

Fic. 2. Hoke's original stabilization of
the foot, described in 1917, did not include
the calcancocuboid {oint,

the ankle joint from the external and internal
malleoli and from the bones of the foot
whereby the foot may be displaced backwards,
or the tibia, fibula, and astragalus displaced
forward. No bone or cartilage is removed
from the wound, The foot is moulded into the
desired position and placed either at a right
angle or in moderate equinus, Later, when
ankylosis has taken place, and if the bones of
the foot are normal, and there is no lateral
motion at the ankle joint, lateral motion is pre-
vented. The results of the operation should be
a well-balanced foot, the foot displaced back-
wards on the tibia, fibula, and astragalus, oblit-
eration of lateral motion, and a certain amount
of definitely limited ankle motion.

This operation gained popularity in both
the United States and England because it
was less deforming than astragalectomy, but
it had the disadvantage of requiring incisions
on both sides of the foot and blindly driving
Instruments transversely across the articu-
lations.

Technics for panastragaloid arthrodeses
(Fig. 1) were described independently by
Lorthoir,™® Albee® and Steindler®? in the
12-year period after introduction of Davis’s
operation, and in 1917 Hoke? devised a
technic for subastragalar arthrodesis (Fig.
2) that is the basis of the operative technic
used by most orthopaedic surgeons in the
United States today, owing principally to
the influence of the men who trained under
the Hoke regimen. Hoke’s original technic
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Fi6. 3 Ryerson’s triple arthrodesis op-
eration, described in 1923, is probably the
technic 1n most general use today.

consisted of removal of the head of the talus
with reshaping and replacing as the correc-
tion of the deformity required, and denuding
cartilage from the navicular and the sub-
astragalar joints, Hoke was convinced that
stabilization should precede tendon trans-
plantation in the paralytic foot, since tendon
transplantation alone had resulted in many
failures. It is interesting to note his remarks
on the qualifications that an operated para-
Iytic foot should possess:

Furst, they must look natural m shoes; sec-
ond, they must be so stable that they will not
turn laterally on the long axss of the foot when
the patient 1s standmg and walking; third, they
must be so stable m the natural or nearly natu-
ral attitude that they do not need braces to hold
them so, fourth, when barefoot they should
look natural, or if that be mmpossible, nearly
enough so to present no gross deformity.

Arthrodesis of the calcaneocuboid joint
was added to Hoke’s double arthrodesis by
Ryerson,* who cotned the term triple ar-
throdesis, and the operation is still so desig-

nated (Fig. 3)
In 1916, Dunn'* devised a slightly differ-

ent procedure for correction of calcaneoval-
gus deformities. In 1921, Lambrinudi®
devised a special type of triple arthrodesis
designed to correct paralytic equinus feet.
This technic is used frequently today when
no dynamic muscle transplant is available to
dorsifiex the foot. In 1927, Miller™® devised
an operation for correction of flat feet in
adolescence. This consisted of arthrodesis
of the scaphocuneiform joint and the joint
between the first cuneiform and the base of
the first metatarsal. Hoke*® treated the same
condition by arthrodesis of the scaphocuner-
form joint (Fig. 4) with a bone graft. This
procedure was described in 1931.

It was not until about 1935, after reposts
by Speed and Boyd,* Watson-Jones* and
Steindler,®? that tibiotalar arthrodesis for
relief of pain after malunited fractures about
the ankle became widely used, and following
the work of Conn,? in 1935, on the treat-
ment of os calcis fractures and, later, that of
Gallie,’* of Toronto, that the principles of
arthrodesis used for so many years in the
treatment of paralytic deformities were ap-
plied to painful articulations of the foot after
fractures with resulting traumatic arthritis.
Among the more recent technics that deserve
mention is the tibiotalar arthrodesis of Blair®

Fic 4 Hoke’s scaphocuneiform ar-
throdesis for relaxed flat foot, mtroduced
e 1931,
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and the ankle fusion of Adams' utilizing a
transfibular approach and the fibula as a
fixation graft, The extra-articular arthrod-
esis of the subastragalar joint for the cor-
rection of flat feet in children was described
by Grice'® in 1952, and the modified tech-
nic for posterior arthrodesis of the ankle and
the subastragalar joint was described by
Staples® in 1956.

Although many surgical technics have
been devised for arthrodesing the ankle and
the tarsal joints, the technic in general con-
sists of removal of the cartilage and excision
of sufficient bone to correct the existing de-
formities, and use of either chips or bone
grafts, with or without internal fixation of
various types, in order to promote the most
rapid fusion and hold the position of the
articulation involved. Certain fundamental
concepts should be borne in mind before
arthrodesis of the foot or the ankle is con-
templated if the deformity is severe. As is
frequently the case in congenital deformities
and neurogenic disorders with muscular im-~
balance, preliminary correction of the soft-
tissue deformities, either by wedging in a
plaster cast or by section of soft tissue, is
indicated in order to prevent removal of a
large amount of bone at the time of stabili-
zation, In paralytic conditions, arthrodesis
generally should precede any tendon trans-
plantation, since correction of the deformity
is essential to successful function of the
transplant and cannot be accomplished by
the transplant itself; nor, in most instances,
can transplantation of tendons alone be
relied upon to secure stability. The only
exception to this rule, in my opinion, is in
extremely young children who have not
acquired sufficient bone age for an arthro-
desing procedure 1n which an unopposed

tendon is constituting a deforming factor.
Tu this instance, transplantation can be done
preceding stabilization if the foot cannot be
held satisfactorily in an apparatus until the
optimum time for stabilization has been
reached. Arxthrodesis of the tarsal joints can
rarely be performed satistactorily before the

age of 8 years, and onc should be cognizant
of the cpiphysial lines, particularly in the
lower tibial cpiphysis in anhrodesis of the
ankle in children, although central bone-
grafting technics™ have been devised that
climinate the fear of arresting cpiphysial
growth even in this situation, Procedures
for arthrodesing the joints about the foot
can be classificd easily into five groups:

1. Tibiotalar arthrodesis (ankle fusion)

2. Triple arthrodesis (talocaleaneal, talo-
navicular and calcaneocuboid)

3. Pantalar arthrodesis {panarthrodesis)
(tibiotalar, talonavicular, talocalcaneal and
calcaneocuboid)

4. Navicular cuneiform arthrodesis (flat-
foot operation)

5. Arthrodesing operations with special
indications: (a) tibiotalar arthrodesis of
Blair; (b) extra-articular arthrodesis of the
subastragalar joint of Grice.

ARTHRODESIS OF THE ANKLE
(TIBIOTALAR ARTHRODESIS)

Arthrodesis of the ankle is indicated to
relieve the pain and the disability of trau-
matic arthritis, generally the result of mal-
united fractures, or dislocations about the
ankle joint, occasionally to relieve the dis-
abling pain of other types of arthritis and
tuberculosis, and to correct paralytic calca-
neous valgus equinus, which will be dis-
cussed under panarthrodesis. I prefer an
anterior approach between the tendons of
the extensor hallucis longus and the extensor
digitorum longus, the anterior tibial vessels
being retracted laterally, Reflection of the
periosteum and capsular division provides
adequate exposure, including the articular
portions of the malleoli. Removal of a slid-
ing bone graft from the lower end of the
tibia across the articular surface of the tibjal
portion of the joint enhances the exposure.
All cartilage is removed from the superior
surface of the talus and the inferior articular
surface of the tibia, including the cartilage on
the articular surface of both internal and ex-
ternal malleoli, A slot then is cut in the supe-
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rior portion of the talus to receive the sliding
bone graft. The graft is reversed end on end
and driven into the prepared bed in the talus,
with the ankle in the desired position for
fusion. Excellent internal fixation can be
obtained by use of two stainless steel staples
inserted from both medial and lateral mal-
leoli into the talus (Fig. 5). Cancellous
bone chips secured from the tibia are used
to pack the spaces between the joint and
between the denuded malleoli and the talus,
In children whose epiphyseal hne is stll
open, the central bone graft technic, as
devised by Hatt,* is effective and will not
cause premature closure of the epiphysial
lIine. If possible, it is most desirable to wait
until the epiphysial fine has closed. The
transfibular technic described by Adams is
excellent. However, I have encountered
considerable difficulty in correcting a valgus
or a varus deformity of appreciable degree
by this technic. The compression arthrodesis
of Charnley® seems unnecessarily compli-
cated, as a high percentage of successful
arthrodeses can be secured by the other
methods described. Equinus of 5° to 10°
generally is considered to be the best posi-
tion for a fused ankle, although some believe
that arthrodesis at a right angle, particularly
for men, will give a better gait. Women who
wear high heels require more equinus than
men. Hallock!® suggested 5° of equinus for
each % inch of heel height. Postoperatively
the leg is encased in a plaster cast extending
above the flexed knee. This usually can be
replaced with a walking boot after 4 10 6
weeks. External fixation may be discarded
after 12 weeks, depending, of course, on
demonstration of satisfactory roentgeno-
graphic evidence of fusion,

TRIPLE ARTHRODESIS

Taple arthrodesis is a basic operation
indicated 1n lazeral instability of the foot and
deformity after poliomyelitis and other
neuromuscular disorders. It 15 particularly
effective when subsequent dynamic tendon
transplantation can be employed to eliminate
a deforming factor or to substitute inverters

or everters of the foot to assist in plantar
flexion or dorsiflexion of the foot after sta-
bilization. It is indicated for resistant con-
genital deformities and in cases of severe
relaxed feet that have failed to respond
favorably to conservative care, and it can
be performed as prophylaxis against dis-
abling pain in the feet in adults as a result
of such conditions of the feet during adoles-
cence. It can be used in primary disabling
arthritis of the tarsal bones and traumatic
arthritis of a secondary nature, especially m
complicated fractures about the os calcis
involving the subastragalar and the calcaneo-
cuboid joints.

I prefer a modified Hoke procedure, as
taught me by Clarence Crego, Relton Mc-
Carroll and, later, Guy Caldwell, the last
named one of Hoke’s trainees. Thisrconsists
essentially of an oblique lateraf incision ex-
tending across the subtalar fossa, removal of
the adipose and the ligamentous tissues from
the fossa, osteotomy of the talus at the base
of the neck with removal of the head and
the neck of the talus, which js the principal
factor in securing adequate exposure, Oste-
otomy of the anterosupetior lip of the os
calcis to allow access to the calcaneocuboid
joint, denuding the calcaneocuboid joint or
removing suitable wedges for correction of
the deformity, removal of cartilage from the
subtalar joint, denuding the posterior articu-
lar surface of the scaphoid and replacing the
denuded talar head at the close of the pro-
cedure The fact that the replaced head and
neck of the talus can be shortened or modi-
fied, according to the demands of correction
of the structural deformity, is one of the
outstanding advantages of this tec}mic/ I
have had no difficulty in revascularization of
the replaced talar head. The straight lateral
approach minimizes skin slough if reason-
able care 15 taken to prevent trauma to the
cutancous edges, especially with the use of
sharp rake retractors. Langenbeck per_ios-
teal elevators, bent with a small bending iron
to increase the curve at the end of the instru-
ment, can be slipped readily behind the neck
of the talus to protect the soft tissues on the



Fic. 5. Arthrodesis of ankle with sliding bone graft and staple
fixation. {Zop) Preoperative fracture of talus with early aseptic
pecrosis of body. (Center) Immediately after operation. (Bottom)
Four months postoperatively arthrodesis is complete.
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medial side and give exposure while the
osteotomy is being performed through the
neck. The same instrument can be passed
posterior to the subtalar joint and inserted
far enough on the medial side of the joint
to protect the posterior tibial artery when
bone resections are made through the sub-
talar region.

The Hoke technic can be modified to give
all the advantages of the Lambrinudi opera-
tion, and 1t permits backward displacement
of the foot if desired, Internal fixation with
staples'® (Fig. 6) or Kirschner wires (Fig. 7)
across the denuded surfaces of the articula-
tions maintain the desired position of the
foot while plaster is being applied, and it is
beheved that in many instances more rapid
consolidation of the denuded surfaces is
brought about by the closer approximation
that can be secured by this supplemental
fixation. However, such internal fixation has
the disadvantage of making it impossible to

i,
Wy
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change the position of the foot, if such is
desired, at the first plaster change. A single
staple across the calcaneocuboid frequently
is necessary to facilitate application of plas-
ter and pernuts some laxity in repositioning
the foot, if necessary. I am convinced that
after operation a long leg plaster with the
knee flexed adds greatly to the patient’s
comfort and aids in preventing loss of posi-
tion of the foot, and a short plaster boot
can be substituted 10 to 14 days postopera-
tively when sutures are removed from the
cutaneous ncision, If necessary, the posi-
tion can be corrected at this time—in most
instances without anesthetization,
Recurrence after stabilization in paralytic
feet has been discussed in considerable detail
by Crego and McCarroll,** who reviewed
1,100 triple arthrodeses performed at
Shriner’s Hospital in St. Louis from 1924
through 1937. Recurrent deformities were
noted in 212, or approximately 20 per cent

Fi6, 6 Modified Hoke arthrodests.
a satisfactory method of fixation, but 1t

Internal fixation with staples. This 15

has the disadvantage of preventng

repositioning of the foot postoperatwvely.
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of the operative cascs. Recurrence ‘was duc
to abnormal muscle pull in 73 per cent of
the cases. These were unopposed lateral
muscle groups that were Ieft intact, and
these authors recommended transplantation
of all lateral muscles in the mid-linc ante-
riorly or posteriorly, or resection to remove
a possible deforming factor, Associated
deformities in the remainder of the extremity
accounted for 20 per cent of the recurrences,
and were manifested principally by uncor-
rected tibial torsion, genu valgum or varum,
or distal bowing of the tibia and the fibula.
Crego and McCarroll emphasized the fact
that in stabilization the foot should be placed
in correct relationship to the ankle joint
without regard for the associated deformity
of the remainder of the extremity and that
the associated deformity should be corrected
subsequently by osteotomy.** The remaining
7 per cent of recurrences were due to per-
formance of stabilization on too young a
patient or to some cause other than one of
the previous factors. Eight years was con-

F16. 7. Modified Hoke arthrodesis.

sidered to be the minimal age for stabiliza-
tion in paralytic fect.

I am convinced, from postoperative obser-
vation of approximately 400 paticnts who
had foot stabilizations, that close adherence
to the principles laid down by Crego and
McCarroll will reduce the number of recur-
rences to a minimum and prevent many dis-
appointing results. Patterson and associ-
ates,** in reviewing 305 foot stabilizations,
reported 82 per cent successful results based
on anatomic and functional principles. Most
of the failures were due to undercorrection
of the deformity at the time of operation,
and the remaining failures were due to per-
formance of the operation at too young an
age (younger than 9 years), pseudarthrosis,
particularly at the talonavicular joint, mus-
cle imbalance or uncorrected deformities of
the remainder of the extremity, Again, Pat-
terson and associates stressed the importance
of aligning the stabilized foot with the ankle
joint and correcting other deformities of the
extremity by subsequent osteotomy. Their

Internal fixation with Kirschner wires,
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cases were for other conditions besides para-
Iytic feet, including Friedrerch's ataxia, and
this may account for some of the failures,

PANARTHRODESIS
(PANTALAR ARTHRODESIS)

Panarthrodesis has its greatest usefulness
in the paralytic flail foot or calcancovalgus
foot, especially if associated with quadriceps
weakness in the thigh. With sufficiently
strong musculature around the hip, the sta-
ble foot and ankle fixed in slight equinus by
this procedure may be rendered brace free.
The procedure is also useful after failure of
posterior bone block or the Lambrmudi
operation, in which no muscle power has
been available to transplant anteriorly to
assist in dorsiflexion. Conversion to pan-
arthrodesis by stabilizing the ankle will
enable these patients to walk without a
brace. We are using this procedure more
and more in the treatment of foot deformi-
ties of patients with meningomyelocele and
associated spina bifida, since the paralytic
patiern frequently mnvolves only extensive
motor paralysis below the knee in many
cases, and panarthrodesis enables these
patients ta discard a brace after the bladder
difficulty has been corrected. In spite of the
sensory deficit always present, we have had
Iittle difficulty with postoperative healing or
pressure sores in plaster, but one must be
doubly cautious in these patients.

Pantalar arthrodesis should be performed
in two stages. If the deformity is severe,
better correction can be obtammed by triple
arthrodesis at one stage and ankle fusion at
another stage. Moreover, operative trauma
and sloughing of the incisional wound have
been excessive at times when the procedure
was done at one stage. Of the 20 panarthrod-
eses reported by Patterson and associates,”
7 were performed i one stage with severe
sloughing m 3 of these, 1 necessitating a
pedicle graft to repair the soft-tissue deficit.
Ankle fuston can be performed 6 to 8 weeks
after the triple arthrodests, or 1t can even be
delayed until the eptphysial line mn the lower

tibia has fused; this permits use of a sliding
tibial graft without hazarding the epiphysial
line.

NAVICULOCUNEIFORM ARTHODESIS

In 1931, Hoke®* described this operation
for correction of extremely relaxed flat feet
in children between 11 and 14 years of age
in whom lateral radiographs in the standing
position revealed a definite sag at the navic-
ulocuneiform joint. He advocated lengthen-
ing the Achilles tendon in all children in
whom this was shortened structurally. The
technic must be performed with precision.
The joint between the navicular and the
cuneiform bones is exposed through a medial
longitudinal incision, and the articular sur-
faces of the pavicular and the medial cunej-
form are excised. An assistant holds the foot
frmly in the corrected position, and a slot s
cut in the navicular and the cuneiform bones
across the joint into which is countersunk
firmly an accurately cut cortical and cancel-
lous graft secured from the upper third of
the tibia. The excised articular space is
packed with cancellous bone chips Post-
operatively, the foot is immobilized in a well-
molded, snug plaster cast, holding the longt-
tudinal arch in full correction. The plaster is
worn for a minimum of 12 weeks, and it is
necessary to use shoe corrections or Jongi-
tudinal arch supports for a long period post-
operatively.

Butie,® in 1937, reported approximately
50 per cent satisfactory results m 76 fcgt
operations by this technic. In 1953, Jack®™
reported satisfactory results in 84 per cent
of 46 operations performed between 1946
and 1949 on cmidren between the ages of
11 and 14; many of the cases had been fql-
lowed for 5 years. He did not perform Achil-
les tendon lengthening m any patients, and
he does not consider this an essential patt of
the operation Both Butte and Jack st{essed
the importance of confining the operation to
patients n whom the sag could b.e demon~
strated at the naviculocuneiform joint. Crego
and Ford,*! reporting 111 surgical proced-
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ures on children with an average age of 12
years, concluded that arthrodesing thc.t?lm
navicular and the naviculocunciform joints
gave better results than the original Hoke
procedure, but the best results were obtan}cd
by including the subtalar joint and doing
essentially a triple arthrodesis from the
medial approach. In my own expericnce,
and that of my predecessor, Dr. Guy Cald-
well,? the Miller modification of the Hoke
procedure has given fairly satisfactory results
in limited application. If relaxation and pro-
nation are extreme, and weight-bearing
roentgenograms  demonstrate talonavicular
sag as well as naviculocunciform sag, sub-
talar arthrodesis certainly should be added
to the procedure to ensure a favorable resuit.
Arthrodesing operations for flat foot never
should be performed until all conservative
measures have been exhausted, and then
they should be reserved only for relief of
disabling pain. Arthrodesing procedures
never should be done on an adolescent flat
foot for cosmetic reasons only, and both par-
ents and patient must be willing to co-oper-
ate for a long period postoperatively with
use of corrective shoes and supports. Even
in its limited applications, results of flat-foot
operations of this nature frequently are dis-
appointing because the rigid indications out-
lined have not been adhered to or co-opera~
tion of the patient has not been wholehearted.

ARTHRODESING OPERATIONS
WITH SPECIAL INDICATIONS

Tibiotalar arthrodesis, described by
Blait® in 1943, is reserved for comminuted
fractures of the body of the talus or aseptic
necrosis of the body after a fracture. Most of
these injuries (Fig. 8) seen in World War II
were the result of “belly” landings of air-
craft. Frequently, these injuries were com-
pound, with the body of the astragalus being
extruded posteromedially through the com-
pound wound, and the body was removed at
the time of débridement or shortly afterward
to prevent skin necrosis. After the compound
wound has healed, the remaining viable head

Fic. 8. Tibiotalar arthrodesis (Blair).
(Top) Compound fracture dislocation

of talus. (Center) After removal of
body of talus at original débridement,
.(Bot!om) After arthrodesis of remain-
ing head and neck of talus to tibia by
means of sliding bone graft.

a.nt.l neck of the talus are arthrodesed to the
tibia through an anterior approach by sliding
a graft from the anterior of the tibia into a
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slot cut in the remaining talar neck. The
upper end of the graft is fixed in the tibia
with the ankle in 10° of equinus. The same
technic can be used by excising a fragmented
or necrotic talar body through the anterior
incision without disturbing the head and
neck fragment and sliding down an anterior
tibial graft in the same manner, The advan-
tages of this procedure over the only alterna-
tive——complete talectomy and calcaneotibial
fusion—are that the outward appearance of
the foot is not changed, backward displace-
ment is not necessary, there is no shortening
of the extremity, and the relationship of the
foot and the ankle remain reasonably normal
with the weight thrust on undisturbed joint
tissue. Some flexion-extension of the foot on
the leg remains, owing to preservation of the
talonavicular joint and the subtalar facets.
Our experience with about 12 cases bears
out the advantage of the procedure as pointed
out by Blair, and I do not believe that this
operation has received the application in its
rather limited field that it richly deserves,

Extra-articular Subastragalar Arthod-
esis. Grice,’® in 1952, described extra-
articular arthrodesis of the subastragalar
joint, limiting the indications principally to
paralytic flat feet, the principal advantage
over other procedures being that it can be
performed as early as the age of 4 years, and
it does not interfere with subsequent growth
of the foot.

A short, lateral curvilinear icision is
made directly over the subastragalar joint.
The sinus tarsus is dissected free of adipose
tissue and ligamentous structure, and, with
the foot in equinus, the calcaneus is easily
placed beneath the astragalus by mverting
the foot. A thin Jayer of cortical bone is
removed from the inner surface of the astrag-
alus and the superior surface of the cal-
caneus, and, through a second incision over
the upper portion of the tibia, a picce of cor-
tical bone Jarge enough to provide two grafts
is removed with a motor saw. These grafts
are countersunk into the sinus tarsus with
the foot held in shghtly overcorrected posi-
tion, the grafts bemng locked by slight ever-

sion of the foot. Stability of the foot can be
demonstrated after insertion of the grafts,
and a toe-to-groin plaster cast is applied with
the foot in maximum dorsiflexion and the
knee flexed to 60°, If the equinus of the foot
can be corrected at the time of operation,
one of the peroneal tendons is transplanted
either to the second metatarsal area or
beneath the talonavicular joint. If equinus
cannot be overcome, then the foot can be
wedged postoperatively, and tendon trans-
plantation must be done as a subsequent
procedure. In 1955, Grice reported 52 cases
in which follow-up had been completed, and
there is considerable evidence to indicate
that the procedure probably can be used in
adult feet with minimal deformity.

SUMMARY

The success of any arthrodesing operation
about the foot, as is true of any other joint
in the body, depends on certain fundamental
principles: (1) selection of a suitable opera-
tion to meet the individual case; (2) com-
plete removal of cartilaginous surfaces of
involved joints; (3) removal of sufficient
bone to correct the deformity; and (4) accu-
rate apposition of the denuded articular sus-
faces and firm fixation until arthrodesis has
taken place. Various types of arthrodesing
procedures about the foot, and therr indica-
tions have been discussed The particular
technic for the operative procedure that in
my experience has resulted in the greatest
sumber of successful outcomes with the few-
est complications has been outhined briefly.
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Arthrodese del Pede

Summario in Interlingua

Le indicationes pro arthrodese del articu-
lationes talar e tarsal pote esser summarisate
in terminos general como (1) imbalancia
muscular post paralyse o vulneration del

musculos que determina le movimentos del
pede ¢ talo ¢ (2) movimento dolorose in
consequentia de irreparabile lesiones articu-
lar e deformitates Ossee, tanto congenite
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como etiam acquirite. Le successo de omne
operation arthrodetic m le pede—precise-
mente como in altere articulationes del cor-
pore—depende de certe principios funda-
mental. Istos require (1) le selection del
appropriate operation pro le caso individual,
(2) le elimination complete del superficies
cartilaginose del articulationes in question,
(3) Ie ablation de un sufficiente quantitate
de osso pro corriger le deformitate, e (4) le
accurate approximation del disnudate super-
ficies articular e le firme fixation de illos
usque Ie arthrodese se ha effectuate.

In casos de sever deformitate, le correc-
tion preliminari del deformitate de tissu
molle—per suppression in un apparato de
gypso o per section chirurgic del constric-
tion in Je tissu molle—reduce Je grado del
resection ossee que es requirite al tempore
del arthrodese. In conditiones paralytic, arth-
rodese debe generalmente preceder omne
transplantation de tendine. Proque stabilitate
es essential in un articulation que debe sup-
portar pesos, transplantation de tendine sol
es rarmente satis.

In patientes pediatric, arthrodese de pede

es rarmente indicate ante le etate d octo
annos. Essayos d effectuar lo a etates troppo
precoce ha essite un causa frequente de mal-
successo e de recurrentia del deformitate.

Le operationes arthrodetic in le articula-
tiones del pede pote esser classificate m
cinque  gruppos:

1. Arthrodese tibiotalar (fusion al talo).

2. Arthrodese triplice (talocalcanee, talo-
navicular, ¢ calcaneocuboide).

3. Arthrodese pan-talar, ie. pan-arthro-
dese (tibiotalar, talonavicular, talo-
calcanee, e calcaneocuboide).

4. Arthrodese naviculo-cunciforme (oper-
ation de pede plan).

5. Operationes arthrodetic con indica-
tiones special:

a. Arthrodese tibiotalar de Blair.

b. Arthrodese extra-articular del artic-
ulation subastragalar secundo
Grice.

Es describite Ie specific indicationes, tech-
nicas, e complicationes de iste varie mano-
vras, e etiam le disveloppamento historic de!
varie operationes arthrodetic in le articula-
tiones del pede.
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Soft-Tissue Releasing Procedure
for Persisting Heel Varus
in the Uncorrected Club Foot

WEBSTER B. GELMAN, M.D.*

The problem of persisting deformities of
the club foot after conservative treatment
has been given considerable study for many
decades. There is no question that, despite
institution of early and vigorous conservative
treatment, in a variable percentage of cases
deformities persist, Kitet® reported 92 per
cent corrected by conservative treatment;
Smith,!® 81.8 per cent by the same means.
The deformity varies both in degree and in
location. Occasionally only one site is in-
volved, Usually there are several, but not
mfrequently all major components of the
club foot persist. These major defarmities
can be grouped into the following categories:
tibial torsion, equinus, cavus, forefoot addue-
tion (varus) and heel varus.

One of the earliest and most stimulating
papers dealing with soft-tissue surgery of this
type was written by Codwilla® He ex-
pounded on the need, in his clinic, for sur-
gery as an expediency for correction, and in
essence this surgery was a total release of
all contracted soft tissue on the medial aspect
of the foot. Although this work was an out-
standing contribution to the club-foot prob-
fem, it mever received the attention that it
warranted. His preference for soft-tissue
releasing surgery instead of prolonged con-
servative treatment was quite apparent, The
operations of Ober’® and Elmsliet pursued

* Steindler Orthopedic Clinic, Iowa City, Towa.

the same end as the Brockman! operation;
ie., the correction of inversion due to soft-
tissue contracture, Elmslie added the osteot-
omy of the neck of the talus and distal por-
tion of the os calcis to the soft-tissue release.
Ober also corrected the equinus by section-
ing the Achilles tendon at the time that he
performed a medial stripping. Cobb,? in his
review of the Brockman operations per-
formed at the State University of fowa, indi-
cated the shortcomings of this operative
approach.

All the above writers contributed to the
author’s enlightenment, but none as much
as McCauley,**'* whose medial release pro-
cedure was felt to be the soundest. Wagner
and Butterfield®® describe a procedure that
appears to be somewhat excessive, in that a
portion of the tibialis posticus is discarded,
and the inferior calcaneoscaphoid ligament
is sectioned.

Garceau® stimulated the wide-scale intro-
duction of the tendon transposition as a
means of correcting the club foot. Other
significant contributions of this aspect of the
approach were made more recently by Farill”
and Fried.® Critchley and Taylor,? in 1942,
made a worth-while criticism of the tendon
transplantation and placed its indication on
a sounder basis. They said that the transplan-
tation of the tibialis anticus to the lateral
portion of the foot, as a means of maintain-
ing correction in a foot in which the muscle

177
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imbalance indicated that recurrence of the
deformity was anticipated or had recurred,
was a sound procedure, but they were
inclined to contest the corrective power of
the transplanted tendon when fixed and rigid
deformities existed.

The emphasis at this clinic for the past 10
years has been on the study of the soft-tissue
release of persisting club-foot deformities. A
procedure necessary for the release of each
component of the deformity has been estab-
lished, but, because of the extensive nature
of the work, only the material for the release
of the heel varus will be discussed here. It
should be assumed that this type of opera-
tion js not proposed as 2 procedure to replace
tendon transposition or conservative treat-
ment; it is solely to correct a specific soft-
tissue contracture that persists despite con-
servative measures. The corrected foot may
also require correction of muscle imbalance
by tendon transposition at a later date.

The basic purpose of the operation is to
perform a complete release of the medial
aspect of the hind foot, creating a correction
of the distorted relationship between the os
calcis and the talus. 1t is simply the freeing
of the os calcis at the subtalar joint so that
the heel can be placed in a neutral or slightly
overcorrected position. A forefoot or equinus
deformity is not affected. It was demon-

Fro. 1. Marked overcorrection of heel varus. In this case tbc Tg:a
lar ligament was cut, and the tibialts posterior was 1

gram shows a vertical talus.

strated to us in our early cases (Fig. 1) that
an overcorrection was easily possible if cer-
tain steps mentioned by previous authors
were adhered to, The manner by which com-
plications can be avoided are discussed in
the following paragraphs in regard to the
surgical technic.

The incision (Fig. 2a), which can be
extended at either end for additional surgery,
is made on the medial aspect of the foot and
extends from a point anterior to the tendon
of Achilles distally to the medial cuneiform.
The concavity faces cephalad, and the lowest
portion passes below the Jevel of the susten-
taculum tali,

The margins of the wound are dissected
subcutaneously, exposing as large an area as
the incision will permit (Fig. 2b). In the
lower portion of the wound, on¢ notes the
fibers of the abductor hallucis muscle, and
postertorly this structure envelops the neuro-
vascular bundle. The abductor hallucis fibers
then are dissected carefully from the under-
Iying deep structures, as well as the neufo-
vascular bundle (Fig. 2c). If the plantar
fascia js tight, it may be severed at this stage
of the procedure.??

The sheaths of the tibialis posucus tendon
and the flexor digitorum communis tendon
are opened as extensively as the exposure
will permit (Fig. 2d). The external appear-

v st
e b

ntar calcaneonavicu-
ding re

£ 4
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ance of the tendon sheaths blends so well  exposure, This is particularly helpful in a
with the deep fascial structures that the rela-  very young child or in the foot having an
tionship of these tendons to the medial mal-  extreme degree of heel varus,

leolus should be used as a guide for their The tibialis posticus tendon is severed by

1

Fi6. 2. See text.
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Fi1c 3. The broken lmne shows the loca-
tion of the incision of the ligaments and
the capsule to release the medial aspect of
the subtalar jont (Bottom, left) Poste-
rior view of the arca, (Bottom, right) A
tilt of the talus 1n the ankle mortise occurs
1f the incision is too close to the tp of the
medial malleolus. The plantar calcaneo-
navicular ligament 1s left mtact,

means of a Z-inciston (Fig. 2¢), and the dis-
tal portion then is freed to 1ts peripheral
attachment on the navicular in order to
expose the deep and somewhat obscure talo-
navicular articulation. The flexor digitorum
communis then is lifted from its sheath and
retracted posterjorly, carrying with it and
protecting the neurovascular bundle. The
medial aspect of the subtalar joint now is
exposed.

There are four important points m the
release of the contracted capsule and liga-
mentous structures joming the astragalus
and the os calcis.

1. The integnty of the ankle mortise must
be maintamned, for, if it 1s not, correction of

the heel varus will be incomplete, and most
of the correetion will occur at the ankle joint
(Fig. 3). To prevent this, the deep portion
of the deltoid ligament, the talotibial higa-
ment, must not be severed. The calcaneo-
tibial ligament must be severed. The incision
of the capsule and the ligament, therefore,
must hug the sustentaculum tali to avoid
this error.

2. The strong plantar portion of the cal-
caneonavicular lig (spring lig )
must be left intact (Fig. 3). If it is severed,
a rocker bottom deformity may result (see
Fig. 1).

In the early cases, following the sugges-
tions of previous authors, this ligament was
severed, and, as a result, two overcorrections
did occur. In these instances the talus be-
came vertical, due to the absence of this
essential supporting structure. When the
ligament is left intact, it in no way prevents
adequate correction of the heel varus, pro-
vided that the following steps are added to
the above procedure.

3. The distal sections of the medial aspect
of the subtalar joint or what Parker® called
“the astragaloscaphoid capsule” is a mark-
edly thickened structure binding the medial
malleolus, sustentaculum tali and the tuber-
cle of the scaphoid together. The mncision
through this area (Fig. 3) must be deep
enough to expose completely the medial and
the dorsomedial aspect of the talonavicular
articulation. The tibialis posticus passes over
this mass, but it can be freed easily. Length-
ening this tendon does not pernut correction
of the heel varus to the degree that opening
the subtalar joint does. In many cases, espe-
cially in the older age group, no improve-
ment was noted when the tendon was
lengthened.

4 The most difficult step of the proce-
dure is freeing the medial portion of the
posterior aspect of the subtalar articulation
(Fig. 2g). Among the authors mentioned
above, with the exception of Codivilla and
McCauley, nothing is sard about this por-
tion of the subtalar release, and perhaps this
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accounts in part for some of the poor results
of soft-tissuc surgery. The study of the
anatomy of the postcromedial aspect of the
subtalar joint indicates that the tendon of
the flexor hallucis longus is held firmly in an
osscous-fibrous canal that bridges the sub-
talar joint. In addition, the posterior calca-
neotalar ligament is also involved in the
deformity. The tendon of the flexor hallucis
longus must be freed from its canal by a
vertical incision of the sheath and retracted
posteriorly. This will expose all the postero-
medsal structures and permit an incision into
the joint from without. It has been noted
many times in performing this operation
that, unless this part of the procedure is
performed adequately, complete correction
of the posterior varus usually is impossible.
The os calcls, instead of pronating, abducts.

To complete the frecing of the os caleis,

additional structures tnust be incised. These
are the dorsal talonavicular ligament and the
interosseous talocalcaneal hgament. The
Iatter can be done blindly with a pointed
knife. The os calcis then can be placed quite
easily i slight valgus. The only structure
that is sutured, except for the subcutaneous
tissue and skin, is the tibialis posticus. At
first it was felt that considerable lengthening
of this tendon was necessary, but it was
found that, particularly in the younger age
groups, it was not necessary to lengthen this
tendon at all, and, in the older age groups,
only to a shght degree. Heyman,® who has
had considerable expenience with soft-tissue
releasing surgery for the club foot, is in
complete agreement. The flexor digitorum
communis and the fiexor hallucis longus
tendons never are lengthened, for they do
not interfere with the correction.

There have been no problems of any con-
sequence with wound healing; nor has it
been found necessary to correct the deform-
1y only partially and wait for the foot to
accommodate to its new position and subse-
quently increase the correction. The leg is
immobibzed for 2 to 3 months in a cast
with the knee included.

The limitations of an operation of this
type probably are sclf-cvident. Age would
play & dominant role in the end-results, The
cases from 4 to 10 years of age naturally are
more resistant, because by this time the bone
deformation can block complete correction.
In our cases only 1 patient was over 3: she
was 6, and 1 foot was a failure. However,
one should not necessarily discard a proce-
dure of this type in this age group, because
therc is very little clsc available until the
age of 10 or 11 other than the tendon
transplant. The operation should simply be
placed in its proper niche; that is, one that
in the older age group will improve the
alignment of the foot, permitting increased
activity of the patient and growth of the
foot until the child is old enough to have an
arthrodesing procedure performed. In the
first year of life this operation probably has
little place, because until then conservative
treatment has not been exhausted. In addi-
tion, the operation is difficult technically. In
this early age group, one should probably
heed the advice of Stewart's and remove the
effect of positive deforming forces. As he
has suggested, the early division of the
medial portion of the Achilles tendon and
its transfer laterally (or the subcutaneous
tenotomy) (Fig. 4) have yielded excellent
results 1n many of our cases and have been
of great help in climinating the resistant
inverted foot in the infant. The implication
by some that early minor corrective surgery
is radical and that prolonged immobilization
in plaster is conservative 15 open to question
on the basis of Stewart’s and Codivilla’s con-
tnbutions.

Without the adequate evertor power pres-
ent, the correction that one obtains by soft-
tissue rel operation. to
maintain  without transplantation of the
tendon. It is definitely felt to be hazardous
to Lransp!ant a tendon at the same time that
the soft-tissue release operation js being pet-
formed, except possibly in older children
with rigid deformities. Cases of arthro 0-
sis with club-foot deformities have b it

een ex-

is difficul
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Fic 4. Bilateral subcutaneous tenot-
omy of tendon of Achilles performed at
3 months of age 1n a rigid club foot. Fol-
low-up at 2 years showed normal function
and excellent correction.

cluded from this series because the deformi-
ties are so severe and, 1n general, soft-tissue
surgery on these feet has been extremely
discouraging. Milder cases may be helped,
but generally the arthrodesing procedures
are required for plantigrade ambulation.

RESULTS

Fifteen cases are available for study. The
average age at the time of surgery was 34

L1

FiG. 6. Same case (bilateral) as that in
Figure 1. Overcorrection with poor result
on left, right foot corrected, at 9-year
follow-up. ~Arthrodesis performed in at-
tempt to correct severe overcorrection.

months. The average follow-up was 5.9
years. Eleven of the results were considered
to be satisfactory, in that the heel could be
maintained in a neutral or shght valgus
position (Fig. 5). Four of the 15 cases
were unsuccessful. Two of these were rated
as poor because overcorrection was obtained
(Fig. 6). One of the other poor results was
in a 6-year-old girl who was the oldest case
mn the series and previously had had a
Brockman operation.

This must be regarded as a preliminary
review, even though Comperet suggests a
S-year follow-up as being adequate. It

FiG. 5. Bilateral case.
Rught foot considered to
be successful. Left foot,

unsuccessful;  overcor-
rectjon present at 7-year
follow-up.
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would be much more reassuring to have a
larger series of cases with & minimum of
a 10-year follow-up.

1t is within the realm of possibility, when
one fails in the conservative treatment and
does not delay too long in favor of the surgi-
cal indications, to obtain an extremely high
percentage of good results by soft-tissue
procedures. Naturally, other components of
the deformity may nced correction. Hey-
man’stt procedure for correction of the fore-
foot, heel-cord lengthening and posterior
capsulotomy for the equinus plus tendon
transplantation for the potential evertor
weakness are all sound procedures of proven
merit. Perhaps on the basis of this report,
which substantiates McCauley’s conclusions,
the heel varus release can also be added to
the list.
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Experientias in le Uso de un Technica de Relaxation de Histos Molle in le

Tractamento de Persistente Talon Var in Casos de Talipede No

n Corrigite

Summario in Interlingua

Le tractamento chirurgic del non-corrigite
talipede es un difficile problema, e in recente
annos grande attention ha essite prestate a
technicas de relaxation de histos molle. Le
presente articulo se occupa del correction de
persistente talon var e summarisa un studio

de dece annos. Le technica chirurgic es trac-
tate 1n detalio, e su limitationes es discutite.
In un alte procentage de casos seligite il es

possibile obtener un satisfacentissime grado
de correction.
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The So-Called Tight Heel Cord

STANLEY S. Tanz, M.D.*

It is commonly believed that a tight heel
cord may be the cause of a disabling pro-
nated flat foot. The tight heel cord is dem-
onstrated by inverting the foot to lock the
subastragalar joint, extending the knee to
tighten the gastrocnemius and then seeing
how far the foot can be dorsiflexed. Accord-
mng to some, the normal ankle should dorsi-
flex to a right angle; to others,16810 (g

* Tucson, Ariz

PRONATED NEUTRAL INVERTED

b0 d

Fi6 1. Theoretic effect of heel rotation

on heel-cord tension Heel cord AC
should be most relaxed in pronation and
m inversion and tightest mn neutral posi-
ton, since one side of a trrangle is shorter
than the sum of the lengths of the other
two sides. Two cylinders connected by a
strap illustrate the anticipated effect of
heel rotation on heel-cord tenston.
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10° further. Stretching exercises with the
feer inverted and, if these are ineffective,
surgery ranging from heel cord lengthen-
ingd1%12 to fusions® have been recom-
mended.

Two hundred normal subjects with no
foot symptoms have been examined to ascer-
tain the normal degree of heel cord fight-
ness, and the ankle joints of several cadavers
have been investigated.

CLINICAL AND ANATOMIC
OBSERVATIONS

In normal subjects, with the foot inverted
maximally and the knee extended, ankle
dorsiflexton usually was found to be blocked
at about 10° less than a right angle (Fig. 2),
while, with the foot in neutral position, the
dorsiflexton range was much greater in
infants but after the age of 4 or 5 usually
was blocked at 90°. (An average of 90°
means that some ankles dorsiflexed 10°
more and some ankles 10° Iess than this.)
There were large individual variations not
related to the subject’s sex or activity but
due presumably to vanations in the structure
of bones and Jigaments 8 Closely knit joints
with limited dorsifiexion were not unusual;
generally they were found 1n feet with neither
pronation nor flattening of the arches and
neither limited athletic ability nor endurance,
and they did not cause leg or foot discomfort
{Fig. 6).

The following observations imndicate that
whatever blocked the dorsifiexion of the
inverted foot, 1t was not tightenng of the
heel cord However, they indicate also that,
with the foot in a neutral posttron, heel cord
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FiG. 2. Variation of dorsiflexion range of ankle with age.

Fie. 3. Knee flexion increases dorsiflexion range if foot 1s everted
or neutral, but not 1f mverted maximally. (Top, lefr} Maximal ankle
dorsiflexton with foot everted, knee extended. (Top, right) Maximal
ankle dorsiflexion with foot everted, knee flexed. (Center, left) Maxi-
mal ankle dorsifiexion with foot neutral, knee extended. (Center,
right) Maximal ankle dorsifiexion with foot neutral, knee fiexed.
(Bottom, left) Maximal ankle dorsiflexion with foot inverted, knee

extended  (Bottom, right) Maximal ankle dorsiflexion with foot
inverted, knee flexed,
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tightening was only one factor in blocking
dorsifiexion:

1. When the knee 1s extended, the foot
strongly inverted and the ankle dorsiflexed
passively as far as possible, discomfort is
noted over the posterolateral aspect of the
ankle; and, if the heel cord is palpated, it
will not be found to be tightened. The same
motion with the foot in neutral position
causes discomfort in the calf and consider-
able tightening of the heel cord.

2. Under general anesthesia, with the
triceps surac relaxed, the foot jn maximal
inversion shows no increase in dorsiflexion
range, whereas, with the foot in neutral
position, marked increase of dorsiflexion
range occurs under anesthesia.

3. I the foot is in maximal inversion,
flexing the knee to relax the gastrocnemius
does not increase the range of ankle dorsi-
flexion, whereas, if the foot is in neutral
position or everted, flexing the knee does
increase ankle dorsiflexion range (Fig. 3).

4. In the cadaver, with the foot in neu-
tral positon and in maximal dorsiflexion
(Fig. 5A-E), sectioning the heel cord
causes the heel cord ends to gape and the
dorsiflexion range to increase. However,
with the foot in maximal inversion, there
is no separation of the tendon ends and no

increase in dorsiflexion range after section-
ing the tendo achillis.

These observations all clearly indicate
that dorsiflexion with the foot in inversion
is not limited by tightening of the heel cord.
The foot is said to pronate in order to relax
the tight heel cord, but 2 moment’s reflection
shows that inversion should relax the heel
cord as much as eversion does (Fig. 1).
Even the newborn infant with a relaxed heel
cord that allows marked dorsiflexion with
the foot neutral and with the knee extended
(Fig. 4), shows limitation of dorsiflexion at
about a right angle when the foot is inverted
markedly.

Cutting the transverse and the posterior
talofibular ligaments of the ankle (Fig. 5F)
did not increase the dorsiflexion range with
the foot inverted maximally, but culting
the calcaneofibular, the anterior talofibular
and the posterior deltoid ligaments in addi-
tion did increase the range, although this
made the ankle grossly unstable,

The checking of motion by the twisting
of ligaments, which causes compression of
articular surfaces, has been described as
“torsional impaction”™ in the ankle! and also
in the shoulder,? the craniovertebral joints,!>
the carpometacarpal joint of the thumb,® the
hip,? etc. Experiments with amputated Imbs

Fic 4 In the newborn, with the foot 1n neutral position dorsiflexion 1s possible to

where the foot almost touches the leg,

dorsifiexion 1s only a few degrees beyond a right angle. (Left) Dor

while, with the foot mn extreme inversion, maximal

siffexson with foot

neutral (Righr) Dorsiflexion with foat in maximal mnverston.



FIG. 5. Cadaver experiments. With heel cord sectioned, with foot
neutral, ankle dorsiflexion is increased markedly and causes separation
of tendon ends, while, with foot in maximal inversion, dorsiflexion is
not ncreased, and tendon ends do not separate. Sectioning the trans-
verse and the posterior talofibular ligaments does not increase dorsi-
flexion range.

(A, top, left} Maximal dorsiflexion of cadaver foot. (B, top, right,
and C, center, left) Following section of heel cord, with the foot
newtral, increased dorsiflexion is possible with separation of tendon
ends. (D, center, right, and E, bottom, left) Following section of heel
cord, with the foot inverted maximally, increased dorsiflexion is not
possible, and there is no separation of tendon ends, (F, bottorm, right)
Section of transverse and posterior talofibular ligaments did not

increase dorsiflexion with foot inverted maximally.
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Fi6. 6. Athletic 11-year-old child with “ught heel cord” but no foot symptoms (Left)

Dorsiflexion with foot neutral. (Center) Dorsiflexion with foot inverted, (Right) Normal

arch and no pronation.

have shown that the structures that limit
dorsiflexion of the inverted foot are the
bones and the ligaments.!

CONCLUSIONS

1. Darsiflexion range of the foot held in
marked inversion does not test heel cord
tightness, which it is supposed to do.

2. The dorsiflexion range of the foot in
neutral position with the knee extended is
a measure of beel cord tightness or of struc-
tural variations of bones or ligaments.

3. In normal subjects, there is a marked
individual variation in the range of passive
ankle dorsiftexion. The range is much
greater until the age of 4 or 5 years than
afterward.

4. If the knee is extended, the foot held
in neutral position may be Jimited in dorsi-
flexion at short of a right angle and yet not
be pronated, flat or symptomatic.

5. “Stretching the heel cord,” as usually
performed, puts a stretch on the lateral liga-
ments of the ankle and pressure on the artic-
ular surfaces of the ankle joint but does not
stretch the tendo achillis.
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Le Si-Appellate Tense Tendine Caleance

Summario in Interlingua

Le si-appellate tense tendine calcance cs
extensemente considerate como un causa de
symptomas in le pede e del deformitates de
pedes plan, Le methodo usate in determinar
le presentia o absentia de tense tendines cal-
canee—i.e., mesurar le grado possibile de
dorsifiexion del pede in position de inversion
maximal con le genu extendite—non revela
realmente le grado de tensitate del tendine
calcanee sed plus tosto le variationes struc-
tural in le ligamentos e ossos circum le arti-
culation talocrural.

Dorsiflexion con le pede in position neutre

—sin inversion, sin eversion—permitte, il es
ver, le mesuration del grado dc tensitate in
le tendine calcance, sed iste valor varia con
le etate del patiente, essente considerabile-
mente plus que 90 grados in subjectos de
minus que quatro annos, Mesmo si le test
del dorsiflexion con le pede in position neu-
tral revela le presentia de un tense tendine
calcanee, iste constatation es usualmente sin
significative importantia clinic. Le base de
iste conclusiones es un serie de studios in
subjectos normal e in cadaveres.
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Jones's Fracture:
Fracture of Base of Fifth Metatarsal*

I. M. StEwart, M.B,, FR.CS.E.}

Jones’s, or dancers’, fracture is a common
injury. Contemporary fracture textbooks
offer conflicting advice on treatment and
prognosis. A study of 51 consecutive cases
occurring in a year is reported and suggests
a classification on which treatment, and sub-
sequently prognosis, can be based.

HISTORY

The literature on Joness fracture is
small; its eponymous title takes origin from
a famous sufferer (Jones, 1902%). In the
years followmng, a few records appeared of
similar cases (Graham, 1906;° Wharton,
1908;* Young, 1908%). In conformance
with the apparent minor nature of the lesion,
it receives brief mention in standard text-
books (Key, 1937;' Wilson, 1938;*
Howorth, 1952;% Watson-Jones, 1955;%°
Bohler, 1958').

Initial interest in metatarsal fractures was
later directed to the more controversial
“march foot” syndrome. Between the world
wars, attention to such juries related
mainly to the considerable toll of morbidity
from direct njury fractures in industry
—‘:Iﬁstudy was made while the author was
holding a Clinical Research Fellowship of the Scot-
tish Hosp End R Trust. He is
grateful to Mr L S. Smille, lecturer m charge,
Department of Orthopaedic Surgery, Queen's Col-
lege, St. Andrews University, and to the other sur-
geons of the Regional Fracture and Orthopaedic
Service for both therr interest in the work and their
permssion 1o siudy their patients

t Clinical Research Assistant, Department of
Orthopaedic Surgery, Umiversity of St. Andrews.
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(Carp, 1927;® Irwin, 1938;7 Morissey,

1946'%).
PROGNOSIS

Despite the commonly believed innocent
nature of the injury, there is cause for cau-
tion. Patients have been encountered whose
symptoms were either severe or persistent.
One patient in this series attended for 11
months before becoming symptom free.
Various authors include a guarding clavse in
referring to prognosis.

Perkins (1958)15 states that “if the foot
is put in plaster it remains painful for
months.” This may be an indictment of
plaster that should correctly be leveled at a
particular fracture type. Bohler draws atten-
tion to the unusual behavior of metatarsals
as regards production of callus. It is stated
that the avulsion fracture of the base of the
fifth metatarsal takes 10 to 12 months to
umte by bone. Patients described by him
suggest that some symptoms at lcast may
persist until union occurs. Whilst the pri-
mary prescription by Bohler and Watson-
Jones is for strapping, the latter concedes
that plaster of Paris may be required. “This
fracture does not require immobilization in
a plaster cast” (McKeever, 195011). “Fail-
ure to detect even a small crack in a meta-
tarsal may be responsible for several months’
difficult walking” (Irwin, 19387).

In the practice of military surgery by
members of this unit in World War 11 there
were instances in which bone-grafting was
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needed 1o secure union of some fractures of
the base of the fifth metatarsal, However, it
may have been that extreme activity had
been imposed on an injury that would have
secured more adequate rest in less arduous
circumstances. ‘The resort 1o bone-grafting
for the injury is also referred to by Morri-
son (1937).»

1t is clear that, whereas the eventual prog-
nosis does pot necessarily imply a chronic
disability, the immediate prognosis may
show considerable variation in duration and
in severity of symptoms.

ANATOMY

A. Structures attached to base of fifth
metatarsal: 1. Joint capsule. (Jones remarks
the very firm attachments of the fifth meta-
tarsocuboid joint. “So powerful are these
ligaments that dislocation of the base is the
rarest of accidents. It is obviously easier to
break the bone than to dislocate it,”) 2.
Calcancometatarsal band of plantar fascia,
3. Peroneus brevis. 4. Peroneus tertivs. 5.
Flexor digiti minimi. 6. Abductor digiti
minimi. 7, Interosseous muscles.

B. The arrangement in which the fourth
and the fifth metatarsals share the cuboid
articulation is relevant, as is also the shape
of this joint. The facets on the cuboid for
the fourth and the fifth metatarsals may
appear as part of a continuous curve or may
be separated by a distinct angle. A shearing
force from this angle could readily be
assumed to act on the metatarsal in reaction
to a thrust on the lateral border of the foot.

The amount whereby the styloid process
overhangs the joint proximally appears to
vaty and invite isolated fracture when rela-
tively fong. So irregular is the shape of this
bone, however, that a small alteration in
radiographic projection can produce a con-
siderable variation in the shape of its out-
line. A difference in radiographic projection
similarly demonstrated comminution clearly
in an al}\eroposteﬁor view (Fig. 1), whereas
the oblique film was less revealing on the
same occasion (Fig. 6).

In common with other fractures from
indirect vialence, the pattern of skeletal fail-
ure js related to local variations in configura-
tion and bone structure. Further reference
is made to this in considesing the mecha-
nism of injury.

MECHANISM OF INJURY

Fracture of the base of the fifth metatar-
sal is commonly the result of a sudden
thrust, usually from the ground, against the
lateral border of the foot while the heel is
raised. Alighting from public transport was
a common source of injury; country dancing,
although popular Jocally, was not mentioned
in this series.

In the clinical examination of a recent
case, search was made for abnormal mo-
bility, and the shaft of the bone showed the
abnormal movement; the base of the meta-
tarsal remained firm. This observation has
implications for treatment; jt also confirms
the suggestion by Jones that the fracturing
force may expend itself on the metatarsal
shaft. In addition, it would confirm the
observations of Jones, Christopher (19233

Fio. 1. Fracture base of
fifth metatarsal, same case
and time as Figure 6, antero-
posterior view.
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1940*) and others on the strong anatomic
attachments of the base of the fifth meta-
tarsal.

Much of the early discussion on fracture
of the fifth metatarsal relates to the parts
played by direct or indircct violence. Before
Jones’s paper, metatarsal fractures were all
considered to be the result of direct trauma;
those which were of such origin were at
least more likely to be noticed. Once the
part of indirect trauma was suggested, the
discusston changed to the relative impor-
tance of avulsion by strong contraction of
the peroneus brevis (Bohler) or by forced
mversion (Watson-Jones). A direct blow
and muscle pull are both mentioned by
Ruder (1937).36

These discussions are of no more than
academrc interest unless they have some
bearing on prognosis or treatment In some
instances the comminuted nature of the frae-

FIG. 2, Direct trauma
fractures. (Left) “Run.
over” injury. (Right)
Compound inversion in-
jury from conveyor,

ture suggests direct trauma. Even in his
description of the indirect injury. Sir Robert
Jones speaks of “a cross breaking strain
directed anteriorly to the metatarsal base”
—a rather direct type of force. The impor-
tance of the mechanism of injury lies in the
way jn which the fracturing force does
expend itself. It may be the expenditure on
the shaft of the fifth metatarsal that deter-
mines the occasional abnormal mobility of
the distal fragment.

The anatomic determination of the path
taken in the expenditure of an indirect force
was evidenced in another way. Two patients
in this series sustained bilateral fractures
from separate injuries at about a year's
interval. In both jnstances there was exact
symmetry between the fractures sustained.
Such an observation has been made before
(Stewart, 195718). The symmetry of frac-
tures from indirect violence indicates the
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Fia. 3. Jones's fracture at
junction of shaft and base of
fifth metatarsal,

importance of local bone shape and strength
in determining the effects of indirect trauma
(Paget, 19017).

Three fractures in this series were found
not to conform to the common patterns. All
three were due to gross direct trauma. One
case resulted from a “run-over” injury (Fig.
2, left). In another, a compound fracture
of the base of the fifth metatarsal occurred
when a workman’s foot was caught in the
wooden slats of a conveyor (Fig. 2, right).
The foot was inverted, the base of the fifth
metatarsal was avulsed, but the peroneus
brevis insertion appeared at operation to
have intact bands that continued over the
fracture site. However, the bizarre effects
of a particular direct injury cannot be ex-
cluded in this instance. Nonetheless, the
three exceptions tend to prove the rule re-
garding the fracture patterns from indirect
mversion injuries,

Stress {racture in this region has also been

recorded. The case reported by Graham®
appears to have been one. The same author
refers to the recognition by Whitman of the
possibility of this fracture in the absence of
noticeable acute trauma.

Therefore, a classification that is relevant
to treatment is suggested on the basis of
the anatomic types of fracture and in the
light of the common relationship of such
fracture patterns to their causative forces.

CLASSIFICATION

The textbooks mentioned do not attempt
to classify the fracture other than in Bohler's
reference to the size of the fragment avulsed,
styloid process or “entire base.”

The cases llustrated in Jones’s papers
showed fractures that were “three-fourths of
an inch” distal to the tip of the styloid proc-
ess. These fractures occur at the junction of
shaft and base and correspond approxi-
mately in level to the distal Limit of the ininf
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between the fourth and the fifth metatarsals,
This point of contact is the fulcrum about
which “the body weight expends itself on
the fifth metatarsal, rotating it slightly
inward” (Jones), the base being fixed. Such
a fracture is illustrated in Figure 3. The
capsule of the fifth metatarsocuboid joint
would escape being torn in such a fracture,
as would be expected from its amatomic
strength as noted. This injury may cor-
respond to the “avulsion of the entire base”
mentioned by Bohler.

A further degree of bone damage in this
injury from “mndirect” violence 15 seen in
instances in which a fracture at the Jevel
described is accompanied by comminution
of the base (Figs. 4 & 1). The obvious
explanation is that the base is crushed
secondarily between the shoe and the cuboid
and the fourth metatarsal, This could occur

Fic. 4, Jones's fracture with com-
minution.

&

following solution in continuity of the lateral
border of the foot on the initial fracture at
the junction of shaft and base. In this type
of injury the greater degree of bone damage
has a bearing on treatment.

In other cases the fracture occurs at 2
more proximal level. The appearances then
are those which have given rise to the de-
scriptions of avulsion of the base by muscu-
lar action or by other structures tightened
by inversion of the foot when the heel '{s
raised (Fig. 5). In this group also there is
some need for subdivision. There are ana-
tomic factors that are relevant to treatment.
Involvement (Fig. 6) or escape of the artic-
ular surface offers at least theoretic reasons
why the prognosis may differ in the two
circumstances. The desirability of articutar
reconstruction with a large fragment sug-
gests the need for open repair such as would
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Fic. 5. Avulsion fracture of sty-
loid process of fifth metatarsal.

be less obviously necessary to prevent dis-
traction of the peroneus brevis insertion
alone. There are no radiographic signs to
confirm the clinical diagnosis of strain of
the epiphysis of the fifth metatarsal base
other than the actual demonstration of its
presence. This injury (Fig. 7) could be clas-
sified with the cases of simple avulsion of
the styloid process.

Study of the present series of fractures
indicates that they may be grouped in the
classification shown in the table on page
196. This classification does not seek to
complicate the clinical problem but rather
to show how fractures as different as those
illustrated (Figs. 1 & 5) may nonetheless
be expressions of similar accidents though
greatly differing in anatomic lesion. On the
other hand, although a single etiologic
grouping thus is possible, it is at the same

time worth considering the various lesions
separately as regards treatment. As previ-
ously mentioned, abnormal mobility may
occur in the distal or in the proximal frag-
ment. Admittedly, fractures do occur at
intermediate levels, but in this series it has
not been found difficult to allocate them to
one or other main group. The extreme case
is no less worth instancing to illustrate the
principles involved.

TREATMENT

Traditional methods of treatment were
used in most cases, These included simple
recommendations regarding supporting foot-
wear or the use of strapping with or without
padding round the tender prominence. Plas-
ter was used 10 times. One case was treated
by open reduction and internal fixation with
the nail-gun (Smillie, 195717). At the cost
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of the period of confinerent to bed, a result
was obtained that was as satisfactory as the
radiographic appearances (Fig. 8). It is sug-
gested that more fractures could be treated
similarly when the indications are reviewed
in terms of the suggested classification.
The treatment of these fractures has
largely been symptomatic. It 1s probably
correct to say that treatment should continue
to be guided by this feature, and severe
imtial symptoms can reasonably be assumed
to be an index not only of the bony and
soft-tissue damage but also of the prognosis
However, the classification described is
aimed at emphasizing the relevant factors
when more radical treatment 1s contem-
plated Nonetheless, it 1s difficult to see the
need for treatment so radical as that de-
seibed by Young (1908)72  Pessistent
symptoms on that occasion were treated by

FiG. 6 (Left & Center). Avulsion
fracture involving fifth metatarso.
cuboid joint.

Fic. 7. Epiphysis of base of

fifth metatarsal in a case of epi-
physial strain.

excision of the distal fragment aud later
still by excision of the distal end of the
fourth metatarsal as well.

Two indications for operation merit cof-
sideration. Firstly, fractures at the junction
of shaft and base can be stabilized when
there is abnormal mobility, comminution of

CLASSIFICATION AND INCIDENCE
or FRACTURES OF BASE OF FIFTH
METATARSAL (51 CASES*)

CHSES
1. Fracture at the junction of shatt
and base (Jones) (Fig 3) ... ....- g

Comminuted (Fig. 4) ..
2 Fracture of the styloid process (Fig. 5) 1
With jomt involvement (Fig. 6).....- 21

*Radiographs uniraced, 2, Direct trauma frac-
tures 3.
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Fig. 8. (Lejt) Fracture in-
volving jaiat. (Right) After
open reduction and internal
fination.

the base requiring to be excluded. Secondly,
the fifth metatarsocuboid joint can be recon-
structed when there has been an “avulsion”
fracture with a larger sized fragment (Fig. 6).

The need to ensure safe positioning and
healing of a scar near a bony prominence on
the foot should require no emphasis other
than its mention.

The comminuted type of fracture may be
an indication of damage of sufficient severity
to merit the more complete immobilization
afforded by plaster. The amount of abnor-
mal mobility of the shaft would certainly
appear to be a relevant finding in this
decision,

SUMMARY

1. A study is reported of 51 cases of
fracture of the base of the fifth metatarsal
seen consecutively in the Eastern Region
{Scotland) Fracture and Orthopaedic Serv-
ice durting 1 year.

2. A classification is recommended as a
guide to interpretation and treatment.

3. The prognosis and the treatment are
discussed in terms of the classifications sug-
gested.
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Fractura de Jones: Fractura del Base del Quinte Osso Metatarsal

Summario in Interlingua

Es reportate un studio de cinquanta-un
consecutive casos de fractura del base del
quinte osso metatarsal. Le studio esseva
interprendite pro clarificar le conducta thera-
peutic, viste le consilios contradicton tro-
vate in le manuales currentemente in uso. 11
es un observation commun que iste leswon
pote esser le fonte de symptomas perdura-
tive.

Le scrutinio del fracturas revela le exis-
tentia de quatro typos de illo. Duo occurre
al junction inter diaphyse e base ¢ se dis-
tingue per le presentia o absentia de com-
minution. Le altere duo occurre al base del
processo styloide e se distingue per le pre-

sentia o absentia de un affection det articu-
lation metatarso-cuboide. .

Le analyse del conformation del varie
fracturas supporta le these que iste lesion €
causate per fortias tanto directe como etiam
indirecte que affice le margine lateral del
pede durante que le calce es sublevate. Le
experientia del sala de operation ¢ studios
anatomic non mcrimna le peroneo breve
sed plus tosto le forte attachamentos del
articulation metatarso-cuboide

Iste classification provide principos ra-
tional pro le election de immobﬂisanop per
gypso, de fixation nterne, o de plus simple
mesuras de tractamento.
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Treatment of Ischemic Gangrene and
Infection in the Foot

HersERT E. PEDERSEN, M.D.*

There has been considerable discussion in
tecent years concerning the advantages and
the disadvantages of low amputation for
gangrene. While it has been demonstrated
that Jow amp is advantageous, safe
and usually successful, there has been little
general enthusiasm for conservatism. .In
many medical communties, for the patient
with gangrene limited to toes the recom-
mendations for treatment run from allowing
spontancous scparation of the involved toe
to performing a mid-thigh amputation. The
purpose here is to discuss the methods of
managing conservatively ischemic necrosis
in the foot and to reconcile such divergent
attitudes. The convictions expressed are
based on a 10-year experience with an active
amputation service, but the principles in-
volved were expressed originally by others,
such as Samuels,® McKittrick,* Siibert, %5
and Furste and Herrman.!

With increasing longevity we are con-
cerned more and more with the care of the
elderly patient and the means of ensuring his
independence. On any amputation service it
is soon obvious that the higher a lower ex-
tremity amputation is performed, the more
difficuity the elderly patient has with a pros-
thesis and ambulation, In spite of improve-
ments in prostheses and in methods of
training, few elderly above-the-knee ampu-
tees walk well. It has also been demon-
sirated that the elderly patient lives long

* Dearbarn, Mich.
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enough after amputation for us to be con-
cerned with rehabilitation. Silbert showed
that among diabetics, about half of the
amputees lived longer than 5 years and that
about half of those had the second leg ampu-
tated in less than 5 years.

Conservative amputation became possible
when mortality rates declined to the point
where they no longer precluded a possible
second major amputation. The operative
mortality rate for amputations below the
ankle, among properly selected patients,
should be negligible, and reamputation at a
higher level should not increase it signifi-
cantly,

With the recent concentrated attack on
peripheral vascular  problems, important
observations have been made, It has long
been known that in Buerger’s disease an
abundant coliateral circulation develops. It
has only recently been recognized that in
arteriosclerosis, with or without diabetes, a
gradual occlusion of major vessels may be
associated with the development of an ade-
quate collatera) circulation, Thus, an ex-
tremity without a palpable pulse may have
a circulation adequate for nutrition and
function.

Amang, patients with artesiosclerosis, gan-
grene is precipitated in one of two ways:
either there is a sudden occlusion of a major
vessel or in the progressively ischemic limb
some peripheral insult leads to local throm-
boses or a localized increased demand for
blood that is not available, Almost invarj-
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ably, patients in the first category require
a major amputation, and those in the second
are candidates for conservative management,

If gangrene begins distally from some
local insult and infection is controlled, fol-
lowing demarcation amputation may be per-
formed at any proximal level consistent with
good function, provided that the skin at that
level is warm and shows evidence of good
nutrition. It does not seem necessary to
perform any of the many tests designed to
test the amount of peripheral blood supply.
The patient must be observed Jong enough
to be certain that gangrene is not progres-
sive, and, as much as possible, factors that
contribute to progressive gangrene must be
eliminated. Chicf among these is infection,

It must be assumed that in all patients
with gangrene some degree of infection
exists. In “dry” gangrene a break in the
skin soon develops at the junction between
viable and necrotic tissue, and in that area
pus usually can be found. It was to prevent
superimposed infection that Samuels urged
that these extremities be covered with sterile
dressings during conservative treatment. Sur-
face infection can be controlled with tepid,
soapy foot baths, sterile dressings, and anti-
biottcs when indicated. In the foot with
minor areas of gangrene, undrained deep
infection is the most common cause of pro-
gressive gangrene and results in many need-
less major amputations. Abscesses must be
drained early by incision and drainage, open
amputation of toes, open wedge resection of
an involved ray of the foot or supramal-
leolar guillotine amputation. Subcutaneous
abscesses on the dorsum of the foot are
handled by incision and drainage. Unfor-
tunately, 1t is more frequently true that
infection spreads along the flexor tendons to
the deep structures of the foot That infec-
tion must be drained by creating a cloven
foot, usually resecting one wvolved toe and
metatarsal At the time of the wedge resec-
tion, no attempt is made to excise all
necrotic tissue, and the wound is packed
open loosely. During treatment at rest, with

soaks and antibiotics, infection is controlled,
and necrotic tissue separates gradually. For
several weeks after such a resection, the
wound is foul smelling and grossly necrotic.
One must not feel rushed at that time into
performing a higher amputation. 1f at the
time of the initial examination it was recog-
nized that the patient was a suitable candi-
date for low amputation, then persistent
conservative care will almost always lead to
good secondary healing. With progressive
granulation the cleft closes gradually, the
result being a foot that functions excellently.
Whenever infection is controlled, amputa-
tion may be performed at a higher level if
function demands.

For the patient whose gangrene is limited
to tocs, there are several choices of treat-
ment. A mummified toe without gross fnfec-
tion can be allowed to separate spontane-
ously. The separation can be assisted by
saftening cintments and daily soaks. Latef,
the separation is assisted by cutting, with
scissors or knife, just distal to the Jine of
demarcation, care being taken to ensure that
no incision is made through viable tissue.
Then secondary healing usually results in
good function.

It demarcation occurs distat to the basé
of the toe, without gross infection, formal
closed amputation of the toe can be per-
formed. For several reasons, when mor¢
than one toe is involved or the entire first
toe is involved, our own preference is for
the transmetatarsal amputation. The most
vulnerable portion of the lower extremity i
the toe, It is well known that frequently one
episode of gangrene involving toes is soon
followed by another. Too often, infection
superimposed on ischemic necrosis Jeads 10
progressive gangrene that is not controlled
until a major amputation 1s necessary. OB
the other hand, it is rare for gangrent to
begin distally in a well-healed transmetatar-
sal stump. Finally, following the loss c{ the
first toe, there 1s little function to be g-'!l".ed
from the lateral toes. The patient Wwith
a well-healed tr al amp
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walks well without a prosthesis. For d‘lc
above reasons, even though gangrene is
limited to one toe, and that toc might be
treated by local amputation, a transmeta-
tarsal amputation frequently is indicated.
Conservative amputation has failed to
gain popularity for two obvious reasons:
The first of these concerns the patient
with borderline indications, where success
or failure cannot be predicted accurately. In
evaluating such patients it is necessary, pre-
operatively, to consider carefully the many
factors that would favor early healing and
those that suggest failure. Obviously, the
better the peripheral blood flow, the better
the chance of primary wound healing. Quite
frequently the diabetic has gangrenous toes
with an easily palpable dorsalis pedis and
posterior tibial p;llse, suggesting an almost
normal circulation in the same foot. If the
line of demarcation is sharp and the skin at
the proposed level of amputation is warm,
dry and well nourished, successful low am-
putation should be the rule, with or without
a palpable pulse. If the skin above the level
of demarcation is cool, thin and shiny, with
absent pulsation, then local circulation is
poor, and successful low amputation is im-
probable. A most unfavorable sign is the
presence of severe rest pain in the absence
of gross infection. Frequently, this type of
cool, painful foot is the result of a higher
thrombosis. Gangrene may be quite limited,
and the remaining peripheral blood fiow is
just suffictent for life of tissue at rest., Many
of the unsuccessful transmetatarsal amputa-
tions have resulted from treating such pa-
tients. In those circumstances the surgeon
may be tempted, against his better judgment,
to perform a transmetatarsal amputation
after the performance of a lumbar sym-
pathectomy. In our experience, lumbar
sympathectomy neither prevents the ad-
vancement of gangrene nor lowers the Ppos-
sible level of amputation. More often jt js
better to treat the patient with a cool, painful
foot by below-the-knee amputation.
The second major deterrent to increased

interest in conscrvatism is the difficulty en-
countered in getting primary healing. There
is some type of wound complication follow-
ing about half of the operations. The wound
complications are divided almost evenly
between infection and ischemic necrosis of
the wound edges.

Both types of wound complication can be
managed successfully by conservative meth-
ods similar to those used in preparing the
foot for the initial surgery. Ischemic necrosis
of wound margins is treated by allowing
spontaneous separation of the necrotic areas
while using daily soaks and continued sterile
dressings. The occasional patient has an
extensive progression of gangrene with loss
of the entire flap, for which only reamputa-
tion at a higher level is adequate treatment.

Postoperative wound infection must be
recognized early. If there is unusual pain or
fever, the wound must be inspected early.
Sutures should be removed carly for stitch
abscesses. If there is any suggestion of deep
wound infection, all sutures should be re-
moved, the flaps opened widely, and the
program of rest, soaks, dressings and anti-
biotics resumed. Deep, undrained infection
is a common cause of postoperative exten-
sion of gangrene for which reamputation
becomes necessary. Furste and Herrman
suggested delayed wound closure to prevent
such complications. Our own preference is
for primary wound closure and for careful
evaluation of the carly postoperative course,

For either type of Ppostoperative wound
complication, no matter how extensive, sec-
ondary healing usually requires 3 or more
months of carefu} management. As was true
:m the management of open toe amputations,
u:misi(m and drainage, and the wedge resec-
tion of the foot, there is 1o short cut to early
healing. The temptation to perform daily
débridement is great, but it can only be
?ol!.cwed by progressive slough. Also, there
is {xttle likelihood that skin-grafting of granu-
latm'?r areas will be successful. If the sur-
geon’s preoperative evaluation of the circu-
latory status convinced him that low ampu-
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tation was indicated, then his confidence in
the successful management of the wound
complication is soon transmitted to the
patient. When the lesion is stabilized and
granulation tissue appears, the patient and
his family are instructed in the proper local
daily care, and the patient is discharged to
outpatient care. The patient then should be
able to walk a little.

Since the treatment of early gangrene and
of postoperative wound complications can
be carried out on an outpatient basis, pro-
longed periods of hospitalization are not
necessary. In most cases the cost of hospital
care to the patient should not be a deterrent
to conservative amputation. On the other
hand, it should be recognized that following
a high amputation there is the additional
cost of supplying and maintaining a pros-
thesis and of teaching the wearer to walk
properly. For those elderly patients who
cannot ever walk with a prosthesis, the eco-
nemic burden of constant nursing care and
the loss of productivity to society cannot be
estimated. These financial considerations
are mentioned only because it has been said
that conservative care is in many cases
impractical and too costly.

SUMMARY

1. In the presence of gangrene that
begins distally from some local tissue insult,

every effort should be made to preserve
extremity length.

2. Local amputation is indicated when
gangrene is sharply demarcated and infec-
tion js controlled, provided that the skin at
the proposed amputation site is warm and
dry and shows evidence of good nutrition.

3. In the presence of peripheral vascular
disease, Jocal amputation for gangrene can-
not be successful unless local infection is
well controlled.

4. There is little evidence to suggest that
Jumbar sympathectomy prevents the prog-
ress of gangrene or that it permits a Jower
amputation than would otherwise be pos-
sible.
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Tractamento de Gangrena Ischemic e de Infection del Pede

Summario in Interlingua

In le presentia de gangrena que comencia
in un sito distal ab un insulta al tissu local,
omne effortio deberea esser facite pro pre-
servar Jongor del extremitate.

Amputation local es indicate quando le
gangrena es nettemente demarcate ¢ quando
le infection es subjugate, providite que le
pelle in le area del amputation es calide, sic,
¢ evidentemente ben nutrite.

In le presentia de morbo periphero-vasc-
lar, amputation local non pote resultar in
successo, excepte si le infection es ben sub-
jugate.

11 existe pauc indicationes que suggere
que sympathectomia lumbar preven! !e pro-
gresso de gangrena o que illo permiite un
plus basse amputation que esserea altere-
mente possibile.
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Metatarsus Varus and Hip Dysplasia

Jurian E. Jacoss, M.D.*

The purpose of this chapter is to x}\:\kc.n
plea for the early diagnosis of congenital hip
dysplasia, often associated with metatarsus
varus. I such diagnosis can prevent 20 per
cent’® of all painful osteoarthritic hips in the
geriatric groups 30 or 50 years hence, 2
great service is being rendered these indi-
viduals both now and in the future.

Some of the signs to be described have
appeared in recent orthopaedic literature btn
have not as yet made their appearance in
the latest orthopaedic and pediatric text-
books, so that they are not readily available.
Inasmuch as the prognosis for a normal hip
is excellent if treatment is started early (first
week or 2 to 18 months), both the hip and
the foot condition can be treated simul-
taneously.

The term congenital hip dysplasia was
introduced by Hilgenreiner.’ It is a general
term, denoting, as Gill® described, delayed
or defective development of the hip joint
and its associated structures, In this regard,
it may be considered a precursor of the
clinical entities of subluxation and disloca-
tion of the hip.

The latest concept of congenital dysplasia
of the hip is that it is a lack of development
of the acetabular sim, a primary condition.
This defect is inherited and has been shown
to Tun in families. Hart® states that congeni-
tal dysplasia of the hip can and should be
recognized in the first 6 months of life; that

is, before weight-bearing. Therefore, if an
occasional suspected case is treated mis-
takenly by braces or plaster for a few

* The Miller Clinic, Charlotte, N. C.
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months for congenital subluxation or dislo-
cation, no great barm has been done. How-
ever, if even a few of the true dysplasias are
neglected or are not recognized, permanent
fixed deformities will result, and a greater
or a lesser disability will occur in later life.

Colonna* mentions the association of hip
dysplasia and metatarsus adductus of one or
both feet and occasional calcaneovaigus,
cavus or calcaneus deformity in his studies.
He states:

Most of these children, when they began
weight-bearing, were fitted with shoe wedge
correction, for they nearly all had pronation
of their feet.

He gave no percentage of incidence of the
foot abnormalities as related to the hip con-
dition that he found.

Caffey and his co-workers,® writing on the
congenital dysplasias, feel that many cases
have been diagnosed erraneously as sub~
luxation or dislocation and that, withont any
treatment whatsoever, time has shown that
many of these return to normal hips. To date,
these observers have examined about 5,000
babies and have given specific attention to
the question of hip dysplasia. They point
out that in this ber of infants d
routinely, fess than half a dozen dysplastic
hips were found, although many of these
babies possessed elinical features recognized
ordinarily as definite stigmata of dysplasia.
They do not differentiate very clearly be-
tween dislocations and subluxations but
express surprise at the small number of truly
abnormal hips. The small number of dys-
plastic hips found by these authors is not
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surprising, for the condition is not a com-
mon one in the population at large. No men-
tion was made of associated foot conditions.

Coleman® reviewed 3,500 infants and
found congenital hip dysplasia in 32. This
represents less than 1 per cent, but he gave
no associated findings of cither metatarsus
varus or calcaneovalgus feet. It is our feel-
ing that if all patients with metatarsus varus
deformities were to have the hips x-rayed, a
much higher incidence of hip dysplasia
would be found.

Kite,! in his exccllent paper on congeni-
tal metatarsus varus—a report of 300 cases
~—felt that congenital metatarsus varus was
on the increase, and this is our feeling. He
personally had not seen any increase in the
incidence of congenital club feet but had
encountered a marked increase in metatarsus
varus, He also indicated that mild cases of
metatarsus varus might be overlooked in the
first few weeks of infancy, but that, as the
persistent action of the anterior tibial muscle
continued, increasing deformity of the fore-
foot could and would be noticed. It is at
this time—6 weeks to 6 months—that the
general practitioner or the pediatrician would
make this observation. If, therefore, meta-
tarsus varus is on the increase, will we see
a corresponding increase 1 hip dysplasia?

So far, we know of no genes relating to
metatarsus varus, but dysplasia, which fre-
quently associated with it, can be mherited
and has been shown to run in families.®

MATERIALS AND METHODS

We reviewed 300 consecutive cases of
metatarsus varus as the presenting complaint
by the parents at our office and found 30
cases of hip dysplasia (10%). We then
started to Iook through the literature to find
any similar relationships recorded and have
already mentioned these briefly. No com-
parable serics and percentage relationship
have been recorded, If thus presenting com-~
plaint, then, of a metatarsus varus is pro-
jected into more detailed exammation of
the hips, what will this bring forth i the

higher incidence of hip dysplasia in the
future and the possible prevention of osteo-
arthritic hips 30 to 50 years from now?

Physical Findings. The affected hip can-
not be moved as freely as the opposite one.
Frequently it may be more difficult to place
a diaper around one hip than the other.
Abduction of the affected hip is limited, If
the baby is placed on a hard table with
limbs flexed at the knees and the hips, and
the legs are abducted gradually at the hips,
the lateral surface of the subluxated hip
cannot be brought flat against the table. This
adduction contracture is now being stressed
in orthopacdic circles as the most consistent
physical finding, and it occurred in 80 per
cent, or 24, of our cases.

The Ortolani sign'® can be demonstrated
early. If the pelvis is held snugly against
the table, the knee grasped and the hip
abducted and adducted gradually, a click
may be heard. This js called the jerk of
entry and of exit and represents the head's
sliding in and out of the shallow acetabulum
over the posterior rim of the socket. This
sign was positive in 33 per cent of our cases
and in Coleman’s.?

Von Rosen's reviewed approximately
12,000 babies at Malmb, Sweden. In only
17 hips was the Ortolani click demonstrated
Of course, he was describing more of the
true luxations and subluxations than a
simple dysplasia of the hip, It is for this
reason that I hope the associated findings
to be outlined will allow the practitioner to
make the diagnosis more often and the cure
more certain i

Increase and deepening of the asymmetric
gluteal folds on the affected side suggest 3}1
incomplete dislocation (Fig. 1), and this
occurred in 100 per cent of our cases.

The Allis sign is detected by flexing both
the infant’s hips at right angles while the
child lies on a hard surface. The knee on
the affected side will be at a slightly lower
level than on the other side. This occurre'd
in 20 per cent of our cases. 'ﬂus test is
rarely positive in the newborn; it 1s more
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Fic. 1. Increase and deepening of asym-
metric gluteal fold—metatarsus varus and
dysplastic hup on Jeft.

obvious in the 3- to 10-month-old infants.

The anatomic factors that may permit
these situations are the excessive laxity of
the capsule and the ligaments about the
hip and unusual shallowness of the acetabu-
lum. Howorth? suggests that capsular laxity
is the principal fault that initiates the chain
of events leading to ultimate dislocation of
the hip. Ortolani,®® on the other hand,
found in studying three fetal dislocations at

FiG. 2. Delayed capital femoral epiphysis.

autopsy that deficiency of the posterior ace-
tabular rim was the major fault. Tt is con-
cluded from these studies that both condi-
tions play a role in the pathogenesis of hip
dysplasia in the newborn infant.

Roentgen Findings. The development
of the capital femoral epiphysis is often de-
layed on the affected side (Fig. 2). In half
the children this epiphysis is evident shortly
after birth and is always seen within the
first 3 months.

Hilgenreiner's measurements were done in
our cases but were not diagnostic enough to
present as a major radiologic examination.
They are of slight value in unilateral cases.

The “Y” line represents the horizontal
line (Hilgenreiner)® drawn through the clear
areas in the depth of the-acetabula that rep-
Tesents the triradiate or “Y” cartilage. The
“H” and the “D” lines are shown in Figure
3 and represent the distance (H) between
the “Y”line and the highest point on the
femoral neck (or head if present) and (D)
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FIc. 3. “Y” line is horizontal line drawn
through comparable points on triradiate
cartilage; angle “a” is acetabular index;
“h” is distance between “Y” line and high-
est point on femoral neck; “d” is distance
between triradiate cartilage and intersec-
tion of “h™ and “Y" line,

eI

FiG. 4. Perkins' line, a vertical line
through outer edge of acetabular rim
makes quadrant with “Y" {or “L"} line;
normal hip on right with capital epiphysis
in mesial quadrant; dysplastic hip on left
displaced laterally. Arrow points to Shen-
ton’s line, the gentle continuous curve of
the obturator foramen and femoral neck.

the distance between the triradiate carti-
lage and intersection of “H” and “Y.”
Another vertical line (Perkins’) (Fig. 4)
is drawn through the outer edge of the ace-
tabular rim, and the quadrant formed with
the “Y" line shows the normal capital epiph-

Fic. 5. Dysplastic hip and metatarsus
varus, left, in an infant. (Top) A} 7
weeks shows acetabular index 40° (right
30°). (Bottom) At 8 months shows an
acetabular index, left, of 25°, delayed
epiphysis above Shenton's line. This re-
turned mesially to Perkins' line after
treatment,

ysis (or femoral beak in newborn) to‘bc in
the lower medial quadrant and medial to
Perkins® line. .

In hip dysplasia the shallow cartilaginous
acetabulum pushes the spine-shaped rudli
mentary neck of the femur or lhe. femora
head lateral or upward to Perkins’ line. This
was positive in 50 per cent of our ca::s
(Fig. 5). We agree with Coleman® that thls
radiologic finding is of more v:ﬂut'z than the
acetabular index This applies panlc\ﬂ?ﬂy to
bilateral cases (10% of our cases) (Fig. §)-

The acetabular jndex (Fig. 7) is -



1G. 6. Both hips lateral to Per-
Ains' Yine.

Fic. 7. Acetabular index 31°
on left and 22° on right. (Meta-
tarsus varus on left)
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creased The index is the degree of the
angle formed by a line through the tri-
radiate cartilage of both hip joints and
another line along the ossified outline of the
superior portion of the acetabulum. Usually
this angle is about 20° in a child of 2 years.
A 30° angle in the first year of life is indica-

tive of an abnormal insecure acetabulum,?
but an index of 40° or more is a better sign
radiologically of a true dysplasia.?

In upward displacement of the femoral
head, the lower neck border is found to be
above Shenton’s line (Fig. 8), which in nor-
mal hips is an even arc formed by the
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medial border of the neck of the femur and
the superior border of the obturator fora-
men. This is difficult to evaluate in the
newborn.

DISCUSSION

Discussing the so-called accepted physical
findings for either congenital hip dysplasia
or congenital dislocation of the hip, the im-
pression was gained that in the newborn
infant the usual criteria for the diagnosis of
these conditions were inadequate and unre-
liable. Most of the conventional signs were
later developments, occurring sccondary to
the progression of the hip dysplasia. The
absence in some of our cases of limited
abduction (often stressed as the No. 1 clini-
cal sign on physical examination) can be
explained on the basis of a lax capsule or
socket of inadequate depth. In fact, the
adduction contracture becomes worse in the
ensuing months if the patient has not been
treated. The skin folds of a newborn infant
are difficult to interpret, and asymmetric
skin folds are only suggestive. Howorth?®
suggests that the infantile hip flexion con-
tracture is a phase in the normal develop-
ment of the hip joint as it passes from the

flexed to the extended position. Certainly
such variable factors influence the formation
of the skin creases, making them diagnosti
cally not reliable. Sherman Coleman?® feels
that skin creases are virtually meaningless.
We, however, feel that they are another sign
to be looked for, and, if positive (100% of
our cases), add to the diagnosis. Unilateral
shortening of one extremity (Allis’s sign)
was difficult to determine in the newbom,
but it did show up progressively more in
the ensuing months up to a year (20% of
our cases). We found this sign to be posi-
tive in our hip cases over 4 months of age.
We agree with Coleman that in the newborn
infant and in the first several months of
infancy, the jerk of exit of Ortolani’s maneu-
ver is the principal reliable physical finding
that suggests hip dysplasia (33% of our
cases). This, however, requires a gentl,
well-controlled attempt to displace the hip
laterally or posteriorly. No undue force is
necessary.

In discussing the roentgen findings, the
acetabular index is stated as the angle that
the slope of the acetabular roof makes with
a horizontal line drawn through comparable
points in the triradiate cartilage (Fig 7).

Fic 8 Femoral neck above Shenton’s line, delayed epiphysis and ace

tabular

ndex of 40° (Metatarsus varus on same side.) 13 months,
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Hilgenreiner® drew attention to the possible
diagnostic significance of this angle in 1925.
Kleinburg and Licberman,! on the basis of
x-ray examinations of 23 newborn infants,
concluded that an acetabular index above
30° at birth suggested a potential dislocation
of the hip. Coleman, however, in studying
300 newborn hips, could not substantiate
these figures; he showed that a 30° acetabu-
lar angle was the average of newborn
infants. Brewer! agrees with these findings.
Our variations went from 28° to 49°. In
Coleman’s dysplasia of the hips in his 27
roentgenograms, the acetabular index aver-
aged 36.5°, showing an index of 6° higher
than the values encountered in normal hips
of the same age. He showed, therefore, that
the acetabular index by itself could not be
relied upon without the other clinical and
radiologic findings. We certainly agree that
Shenton’s line is very difficult to appraise
accurately in roentgenograms of newborn
infants, because the ossification centers are
quite widely spaced and slight degrees of
change in pelvic tilt have a marked influence
on this line. Hilgenreiner’s measurements
consist of the “H” line and the “D” line, as
illustrated in Figure 3. This particular meas-
urement is of value only if there is a uni-
lateral involvement. Radiologically, the
most common change seen in abnormal hips
in infancy up to 6 months is the lateral dis-
position of the beak of the femoral neck in
relation to Perkins’ line. In normal hips the
beak of the femoral neck falls medial to
Perkins’ line with remarkable constancy, and
in our cases 15 showed lateral displacement
to this line. This radiographic findmg can
be used particularly in cases of bilateral
dysplasia (Fig. 6). Coleman found it to
be positive 1n 58.1 per cent of his cases of
dysplasia of the hip. We found it to be posi-
tive 1 50 per cent of our cases. In uni-
lateral cases the delayed appearance of the
epiphyseal femoral head was of some help.
X-ray examination, therefore, can provide
helpful information in many of these cases,
but care must be exercised in interpretation.
Coleman felt that an acetabular index of

40° or more should be recorded before it
became significant. Consequently, the ding-
nosis of hip dysplasia requircs a correlation
of x-ray and clinical findings. Certainly a
normal roentgenographic interpretation of
an infant’s pelvis does not necessarily rule
out a congenital hip dyspfasia. In summa-
rizing the criteria for a diagnosis, we have
used the following:

Cases
1. Asymmetric gluteal folds ......... 100%%
2. Limited abduction (flexed thighs).. 80%
3. Lateral displacement—Perkins’ line. 509
4. Ortolanr’s sign—jerk of exit....... 339
5. Acctabular index—30°+ ...... .. 25%
6. Allis’s sign—knee at lower level. ... 205
7. Delayed or smaller epiphysis (upper
femoral) .. <
8. Associated foot deformities (meta-
tArsuUs VATUS) +.vevvnenronsnnannn [

INCIDENCE OF DYSPLASIA
OF THE HIP

Coleman’s incidence of 1 in every 110
births is on record. Our incidence of 30 hips
associated with 300 consecutive cases of
metatarsus varus is another index. One boy
and 29 girls were recorded. Three cases
were bilateral. No colored patients were
noted. Coleman’s incidence was a female
predominance of 5 to 1. This corresponds
with the congenital hip dislocation incidence.
Putti gives an incidence of 1 newborn infant
in 10 having dysplasia of the hip,* and
Slavick?® states that 20 per cent of newborn
infants in Czechoslovakia exhibit some form
of congenital hip dysplasia. Coleman indi-
cated that unstable hips occurred twice as
often in breech as in cephalic deliveries.

it is apparent from all this that a signifi-
cant number of abnormalities pass undiag-
nosed at birth at every hospital. However,
failure to make the diagnosis after several
months of observation in one’s office js
negligence. The tragedy of overlooking a
complete congenital dislocation of the hip
until the age of walking is almost matched
by the tragedy of undiagnosed subluxations
of the hip. These Iatter cases may not be
detected until the age of 30 to 50 .

e
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plete the diagnosis. It is common knowledge
that a significant number of dysplasias be-
come stable spontaneously with no treatment
at all. However, no one can determine
beforehand which of these will heal spon-
taneously and which will persist as subluxa-
tions. Some will even go on to frank dis-
locations.

We have had 2 cases of unilateral pro-
gressive dysplasia (with associated meta-
tarsus varus)—one whose (freatment was
discontinued too early and another who was
deliberately observed for 4 months without
treatment, The first of these was diagnosed
at 4 months of age, treated 2 months in a
bar, then observed for 4 months with pro-
gressive lateral displacement of the femoral
head, with increase of the acetabular index
from 28° to 42°, After 4 more months of
treatment in a bar 24 hours a day, the hip
returned to more normal findings, and after
4 more months (age 18 months) of nap and
night bar, the hip required no more treat-
ment. The second child was treated for
metatarsus varus elsewhere at age 4 months
and was seen by us at the age of 8 months.
The first roentgenogram of the hips showed
homolateral dysplasia. The child was ob-
scrved at 2-month intervals with no treat-
ment of the hip. The index increased pro-
gressively from 30° to 40° in 4 months,
when the patient started walking with a
limp. Treatment with a bar was instituted,
24 hours a day, for the first four months,
then for 4 months for nap and night, with
final return to normal at age 20 months.
Both these cases have been followed for
3 years.

Inasmuch as the treatment 1s simple, it is
obligatory to treat ail patents s whom
there is a suggestion of hip dysplasia, The
majority of these patients can be treated
over a few months and restored completely
to normal.
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Metatarso Var ¢ Dysplasia Coxal

Summario in Interlingua

Esscva revistate 300 casos consccutive de
metatarso var in infantes vidite in un clinica
orthopedic (in le practica private). Esseva
notate un incidentia dc dysplasia coxal
amontante a 10 pro cento. Le aitere crite-
tios pro le diagnose de dysplasia coxal es
mentionate: Retardate ¢ sub-dimensionate
epiphyse supero-femoral, signo de Allis,
indice acetabular, signo de Ortolani, displa-
ciamento lateral del linea de Perkins, Hmi-
tation in le test de abduction, ¢ asymmetria
del plicas glutee.

Viste que le tractamento es simple e que
su application pote prevenir 20 pro cento

de omne casos de dolorose coxa osteoarthri-
tic in le futuro, il pare que nos ha le obliga-
tion de signalar iste diagnose al medicos qui
es le primes a vider le infantes con iste
condition.

Le statistica indica que il occurre un
augmento in le incidentia de metatarso var
¢ un reduction del incidentia de talipede in
iste pais. Nos urge le examine radiographic
del coxa de omne patientes con deformitates
del pede a fin que iste infantes gaude del
opponunitate de un precoce ¢ successose
tractamento.
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Congenital Vertical Talus*

Tom OUTLAND, M.D., AND

The entity of congenital vertical talus,
although rare, has begun to receive more
attention recently in the orthopaedic litera-
ture, Various names such as “rocker-foot
due to congenital subluxation of the talus™
and “congenital convex pes planus”® have
been applied to it. They are, as is the name
used here, descriptive and in themselves
provide a good understanding of the abnor-
mality. The important feature is the sub-
luxation of the talus, resulting in the almost
vertical position of this structure in the foot.
Its long axis forms an angle of almost 180°
with the long axis of the tibia. The os calcis,
from which the talus is displaced medially
and vertically, is itself usually in slight
equinus. The forefoot, however, “breaks”
at the mid-tarsal joint with subluxation of
the navicular from the head onto the neck
of the vertical talus, The tendons on the
dorsum of the foot usually are contracted,
and the capsule of the ankle joint has been
noted to be interposed between the talus and
the navicular. In addition, the tendo achillis
usually is tight, consistent with the degree of
equinus of the calcaneus. In older cases the
posterior capsule of the ankle joint is con-
tracted, and the spring ligament is attenu-
nted.l,'l.(i,lﬂ

Clinically, on the medial aspect of the
foot the longitudinal arch is reversed. The
sole of the foot is convex instead of concave,
and there is a prominence in the sole cor-
responding to the mid-tarsal articulation and

* The authors are tndebted to Mr Francis Gil-
more, of Elizabethtown, Pa, for the illustrations
+ State Hospital for Crippled Children, Elizabeth-
town, Pa.
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the head of the talus. The forefoot is ab-
ducted, and on the dorsum of the foot there
is a sulcus anterior to the lateral malleolus
due to the displacement of the talus away
from its normal alignment in this location.
The roentgenologic appearance of the foot
is highly characteristic. The talus in the
vertical position, the os calcis in slight
equinus and the dorsal dislocation of the
navicular onto the neck of the talus com-

Fic. 1, Lateral view demonstrat-
ing the convex sole with a promi-
nence over the head of the talus.



Fia. 2. Note the vertical talus,
displaced navicular and heel in
the equinus position.

prise the abnormality and are readily dis-
cernible on the roentgenograms (Figs. 1 &2).

TREATMENT

In older, neglected cases, the results of
treatment of congenital vertical talus fre-
quently are unsatisfactory. Therefore, the
importance of early treatment is stressed by
all writers on the subject. Conservative
management, consisting of application of
corrective casts jn infancy, has been at-
tempted. The foot is held in the cast in
complete equinus, correcting the dislocation
at the talonavicular and the calcaneocuboid
joints. However, there is a marked tendency
for the dislocation to recur when the foot is
brought up out of equinus. Improvement of
appearance and function may be noted tem-
porarily, but lasting correction seldom is
obtained. The same is said to be true of other
conservative methods, as the Denis-Browne
hobble splint (reversed), theironand T strap,
corrective shoes and night splints.3

The operative treatment of congenital ver-
tical talus, then, seems to be the approach
that offers more promise with regard to good
long-term results. However, surgery in this
condition is not a panacea, and writers on

TECHNICS FOR MANAGEMENT OF
CONGENITAL VERTICAL TALUS

i

.

. Resection of all or part of the talus:

1. Complete astragalectomy—Lamy, 1939

2. Excision of head and neck of talus:
Lange, 1912; Nave, 1923; Hark, 1950
(grafted resected head back to anterior
surface of vertical talus)

Corrective osteotomy:

1. Hughes, 1957 (osteotomy of neck of
talus, open wedge on plantar aspect
maintained by bone graft)

2, Lloyd-Roberts, 1958 (wedge tarsec-
tomy)

Open reduction:

1. Osmond-Clarke, 1956 (maintained re-
duction with peroneus brevis tendon
transposed to neck of talus)

2. Hark, 1950 (heel-cord lengthening, re-
lease of tight structures on dorsum of
foot, reduction maintained in plaster
with or without Kirschner wire through
the navicular into the head of the talus)

3. Hughes, 1957 (scarification of talona-
vicular joint with or without maintain-
ing reduction with Kirschner wires)

4. Rocher, 1934 (release dorsal and lat-
eral soft-tissue elements, section Achil-
les tendon, maintain correction in
plaster)

5. Hfzyman, 1959 (open reduction main-

t:u'r:ed with Kirschner wires)

the subject suggest a wide vatiety of techni

and methods for the management of this
problem. These are summarized in the fol-
lowing table. A vald end-result summary

L. Camera, 1926 (curette talus, resect
cuneiform portion of astragalus)

2. Lloyd-Roberts, 1958 (reduction in plas-
ter and tenotomy of tibialis anterior)
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Fia. 3. Roentgenograms of a cadaver foot with the Kirschner wire in place.

for each technic cannot be included because
the number of cases jn any given series is
small, and the follow-up sometimes is not
adequate,

CASE REPORT

A 3-year-old boy was admitted to the Eliza-
bethtown State Hospital for Crippled Children
with the diagnosis of a congenital vertical talus
He had been treated conservatively with braces,
shoes and physical therapy on an outpatient
basis for 2 years prior to admisston. The con-
servative approach, however, had been unsuc-
cessful, and it was apparent that operative cor-

rection would be necessary. Three procedures
were carried out to achieve this

The first was the open reduction of the verti-
cal talus through a lateral Ollier incision How-
ever, the talus could not be maintained m tts
normal position, and jt was necessary to make
another incision on the dorsum of the foot
through which the tendons of the common toe
extensors and the extensor hallucis were re-
leased, and the anterior tibial tendon was length-
ened by Z-plasty. The talonavicular joint then
was approximated, and a smooth Kirschner wire
was driven through the navicular to the medal
side of the foot and retrograded into the head
of the talus (Fig. 3). By this means the sublu)fa-
tion of the mavicular was reduced and main-

FIG. 4. After removal of the Kirschner wire and prior to the extra-articular subtalar
arthrodests.
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Fic. 5. Eightcen months after
eutra-articular subtatar arthrod-
esis with maintenance of cor-
rected position of the talus.

tained st 1ts pormal position (Fig. 4). The foot
was immobilized 1n plaster for 6 weeks, and the
put then was temnoved. After 6 more weeks in
plaster the maintenance of the normal positton
of the talus was ensured further by an extra-
articular subtalar arthrodesis® (Fig. 5). The
equinus of the os calcls was corrected by a heel-
cord lengthening 3 months after this second
procedure The patient’s foot structurally and

Hy was iderably improved at the
time of discharge, although the heel was in
shight varus, indicating & moderate amount of
overcorrection. It will probably be necessary
to do a triple arthrodesis at a later date, but
this procedure will be greatly facilitated by the
more normal alignment of the foot achieved at
this time. Furthermore, the chances of a good
final result will be correspondingly improved.

SUMMARY

1. The pathologic anatomy, the clinical
findings and the radiologic features of con-
genital vertical talus are presented.

2. The vanous approaches to the man-
agement of this condition are summanzed.

3. A new operattve approach is pre-
sented. This consists of open reduction of
the congenitally subluxated talus, release of
the deforming soft tissues and maintenance
of the reduction with a Kisschner wire
through the navicular into the head of the
talus At a later date, after the wire is re-
moved, the reduction is maintained with an

extra-articular subtalar fusion. The equinus
is corrected with a heel-cord lengthening. A
subsequent triple arthrodesis is necessary
when the foot reaches skeletal maturity,

Fig. 6. Eleven months following ele-
vation of the vertical talus, extra-articular
subtalar fusion and heel-cord fengthening.
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Leg—Length Equahzatlon

by Femoral

Shortening

M. Joun Rowg, Jr, M.D,,
AND
G. D. Bock, M.D.*

Unequal leg length is a serious functional
and cosmetic problem. Complications can
develop; for example, muscular and fascial
contractures leading to pelvic obliquity and
scoliosis. Poor gait habits may become
grotesque, causing the individual to develop
defective personality traits that add a psy-
chological to a physical handicap.

A short leg is seen most often in polio-
myehtis, where the child has favored the
weak extremity so that jts weight-bearing
function has been much less than that of the
longer leg. This same effect is seen in the
club foot congenital deformity of one leg
where the child will hop or skip on the better
extremity. Pyogenic septic arthritis or tuber-
culosis may arrest growth of an epiphysis.
Trauma may either shorten with malposition
or lengthen by stimulation of growth. Osteo~
myelitis can either arrest or stimulate.

The condition should be prevented when
possible. The paralytic extremity should be
Watched carefully to prevent deformity and
to maintain equal weight-bearing. Pounding
or skipping exercises are performed to give
functional stimulation.

When the inequality has occurred, cor-
fection is somewhat controversial. In most
cases, surgical lengthening of the short
extremity has been sufficiently ineffective
—

* The Ade

faid i
Children, Lo ide Tichenor Orthopedic Chuie for

ng Beach, Calif
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and hazardous to be discarded as a method
for consideration according to Sofield.”

Theoreticatly, stimulation of epiphysial
growth, as suggested by Pease® and used in
a few cases by us by juxta-epiphysial multi-
ple drilling, would seem to be nearly ideal,
but practically it has produced only small
estimated increases in length.

At present, the consensus under the lead-
ership of Green® and Blount® favors epi-
physial arrest in the Jonger extremity during
the growth peried. By calculation from
standard tables, operation is done when
there appears to be a possibility of eventual
equalization of length by further growth of
the already faulty and, consequently, unpre-
dictable short leg. This procedure requires
extremely close observation over a Jong time
with possible need of repeated operations in
patients who are prone to disappear from
supervision for extended periods. With the
hazard of unequal epiphysial anmest, a new
deformity may occur and require treatment
in the previously good leg. An example is
unequal therapeutic epiphysial arrest with
production of genu varam in the good leg.
(Fig. 1)

The pracedure of definitive femoral short-
emng at or near the end of the growth period
with supervision over a relatively short length
of time appears to be safer and more efficient.
White® described an early method with over-
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Leq-Length Equalization by Femoral Shartening

lapping of femoral fragments and both inter- function is good and a nontapering “slow

nal and external fixation that was quite
effective. With the appearance of the intra-
medullary nail, the procedure is even less dis-
abling because of the early ambulation pos-
sible. This procedure has been criticized by
Thompson® and rec ded by Jones.t
The program that we are using consists of
(1) sufficient shoe lift to level the pelvis.
Up to 2-inch discrepancies are corrected with
standard heel and sole lifts using a “fast
rocker” tapering to the toe when the knee

Fic 1. Therapeotic epi-
physial arrest with irregu-
lar growth and genu varum
of longer extremuty

rocker” with a poor knee as advised by
Lowman.® (Figs. 2 and 3) For shortening
over 2 inches, a stirrup type of brace is used,
like a walking iron on a cast. Stamping or
pounding exercises are advised daily for the
short leg to attempt to maintain proportional
growth and prevent further lag.

{2) growth checked by clinical measure-
ment, by leveling blocks under the foot, and
by leg-length roentgenograms of the type
advised by Farill® at about 6-month inter-
vals. The roentgenograms are very helpful
in showing the total discrepancy on one
standard 14 X 17 film. These are made by
moving the blocked-off cassette and tube to
take three vertical projections of the hips,
the knees and the ankles so that the differ-
ence in length of the extremities can be
measured,

(3) surgical correction at or near the end
of the growth period of differences in length
of more than 2 cm. for which normal Jateral
pelvic mobility cannot compensate. With
the patient in the lateral position, a postero-
lateral longitudinal exposure of the mid
femur is done, and a measured segment of
shaft is removed by transverse sections with
the reciprocating saw. A large double-ended,
diamond-shaped intramedullary nail is in-
serted retrograde in the proximal segment
through a skin puncture above the fro-
chanter and then distally in the reduced
distal femoral segment. Rotation is con-
trolled by the shape of the pin. Soft-fissue
shortening with carly weight-bearing mait-
tains apposition. No external fization is nec-
essary, and the pin 1s removed after unton
through a small stab wound above the
trochanter.

Twelve children are presented (see ta'ble
on page 223) with an average age at operation
of 152 years. There were 7 females and §
males. Poliomyelitis was the cause of the
shortening in 9, septic arthritis in 1_, tuber-
culosis of the hip in 1, and spastic para-
plegia with old fracture in 1, The average
hospital stay for the operation was 9 dags.
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F16. 3. “Slow rocker” shoe for use with
poor knee quadriceps.

Qur first case, a 19-year-old girl, had
¥2-inch shortening on the left following a
septic hip. The right femur was shortened
with a Blount blade plate in 1947 with a
29-day hospital stay and excellent result.
(Fig. 4)

The present technic was started in 1952,
and Case 4, a girl of 17, with severe gener~
alized paralysis and shortening of 1¥4 inches
Fic. 2. “Fast rocker” shoe for use with of the left Jeg, was operated upon in 1953,

good knee. Her postoperative rocntgenogram showed

PARTICULARS OF 12 CHILDREN WHO UNDERWENT SURGERY;
AVERAGE AGE AT OPERATION 15%2 YEARS

Ex~ Hosr. P

PATIENT/SEX/AGE  ETOM ThEM- SHORTS gipceny  TiME Re- Con- REsuLT
o0Y Y ENING Days MOVED PLIC.
L NW, Septic " Blade
V.IF/19 Hip L 14 2419147 29 plate Wone Good
2 BAJF/17 Polio R 1147 3/26/52 8 11/9/52  None Good
3. SM./FIS Polio R Y 114/53 7 1271753  None Goaod
4 AMcC./F/17  Pole L1 6/17/53 14 2/15/54 YSE’;“ Good
5. DW./M/ 14 Polio L 1157 12/14/54 9 3/28/56 None Good
6. BH,/M/15 Poho R 1”7 6/15/55 12 2/6/57  None Good
7 BR.JE/14 Th‘:; R 3" 6/29/55 8  4/18/56 None Good
8 LM.JF/14 Poho R 147 6/13/56 5 2/12/58  None Good
. TR.IF/14 ;zg; Ry 818756 1 7124/57 None Good
10. GR./M/16 Polto R 15" 5/16/57 16 3/3/58  Nome Good
;L DB./M/15 Polio R 2” 6/8/57 11 11729157 Nome Good
2. RB./M/17 Pohio R 27 8/7/57 9 6/18/58 None Good
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fapping of femoral fragments and both inter- function is good and a nontapeting “slow

nal and external fixation that was quite
effective. With the appearance of the intra-
meduilary nail, the procedure is even less dis-
abling because of the carly ambulation pos-
sible. This procedure has been criticized by
Thompson® and recommended by Jones.*
The program that we are using consists of
(1) sofficient shoe Jift 1o level the pelvis.
Up to 2~inch discrepancies are corrected with
standard heel and sole lifts using a “fast
rocker” tapering to the toe when the knee

FiG. 1. Therapeutic epi-
physial arrest with irregn-
lar growth and genu varum
of longer extremity

rocker” with a poor knee as advised by
Lowman® (Figs. 2 and 3) For shoxtering
over 2 inches, a stirrup type of brace is used,
like a walking iron on a cast. Stamping or
pounding exercises are advised daily for the
short leg to attempt to maintain proportionat
growth and prevent further lag.

(2) growth checked by clinical measvre-
ment, by leveling blocks under the foot, and
by Jeglength roentgenograms of the type
advised by Farill* at about 6-month inter-
vals The roentgenograms are very helpful
in showing the total discrepancy on one
standard 14 X 17 film. These are made by
moving the blocked-off cassette and tube to
take three vertical projections of the hips,
the knees and the ankles so that the diffec-
ence in length of the extremities can be
measured.

(3) surgical correction at or near the end
of the growth period of differences in length
of more than 2 cm. for which normal lateral
pelvic mobility cannot compensate. With
the patient in the lateral position, a postero-
lateral longitudinal exposure of the wid
femur is done, and a measured segment of
shaft is removed by transverse sections with
the reciprocating saw. A large doub];-qnd?d,
diamond-shaped intramedullary nail is in-
serted retrograde in the proximal segment
through a skin puncture above the o
chanter and then distally in the x:educed
distal femoral segment. Rofation is cos-
trolled by the shape of the pin. Soft-tissue
shortening with early We1ght-bearing‘mam‘
tains apposition. No external fixation is nec-
essary, and the pin is removed after unios
through a small stab wound above the
trochanter

Twelve children are presented (see table
on page 223) with an average age at operation
of 15V2 years. There were 7 females and 5
males. Poliomyelitis was the cause of the
shortening in 9, septic arthritis in 1, tuber~
culosis of the hip in 1, and spastic par
plegia with old fracture in 1. The average
hospital stay for the operation was 9 days.
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Fig, 3. “Slow rocker” shoe for use with
poor knee quadriceps.

Our first case, a8 {9-year-old girl, had
1% -inch shortening on the left following a
septic hip. The right femur was shortened
with a Blount blade plate in 1947 with a
29-day hospital stay and excellent result.

- (Fig. 4)
~2 . . The present technic was started in 1952,
“_.:"2: oo - aivc i and Case 4, a girl of 17, with severe gener-
v T alized paralysis and shortening of 1% inches
Fio. 2. “Fast rocher” shoe for use with of the Jeft leg, was operated vpon in 1953.
gaad knee. Her postopesative roentgenogram showed

PARTICULARS OF 12 CHILDREN WHO UNDERWENT SURGERY;
AVERAGE AGE AT OPERATION 1532 YEARS

Ex- Hosr. Poe
PATIENT/SEX/AGE E;:;L' TREM- SEHNO”' SurcErY  TIME Re- CoM- pesurr
Ty NG Davs  Mmoven ¢
LNwrns  SEE L st anoer 29 P None  Good
2 BAJFN7 Polio R 147 3/26/52 8 11/9/52  None Good
»SM/FIts polio R %Y 1/14/53 7 1211/53 None Good
4 AMC/F/17  Polio L1 6/17/53 14 2/15/54 f;f:n Good
5. DW./M/14 Polio L 12" 12/14/54 9 3/28/56 None Good
6. BH./MI1S Polio R 1" 6/15/55 12 276457 None Good
7. BR.JF/14 'E:; R 3” 6/29/55 8 4/18/56 None Good
8. IM./F/14 Polio R 17 6/13/56 § 2/12/58  None Good
9 TRIF/14 ;’;;g; R 1”7 8/8/56 1 7/24/57 Nome Good
:‘:- G.R./M/16 Polio R 15" 5/16/57 16 3/3/58  None Good
12‘ DB/MAS Polio R 2” 6/8/57 11 11/29/57 None Good
- RB./M/17 Poho R 2" 817157 9 6/18/58 None Good
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Fio. 4. NW. After shortenmg with
Blount blade plate.

separation of the fragments that was cor-
rected by weight-bearing started on the sec-
ond day. This proceeded to uneventful,
satisfactory healing. (Fig. 5)

Case 6, B. H., a 15-year-old male, was
over 6 feet tall with 1%5-inch paralytic
shortening of the right leg. He underwent
operation on June 15, 1955, and was 12
days in the hospital. The pin was removed
on February 6, 1957. (Fig. 6)

Case 7, B. K., a 14-year-old female, had
2 history of tuberculosis with arthrodesis of
the right hip, and the left leg was shortened
3 inches, which was not complete correction
but was the maximum that we thought the
muscular structures could adopt. The girl
was mn the hospital 8 days and had the pmn
removed 10 months later. There were no
problems, although a redundant muscular
cuff was evident at the mid thigh for several
days after operation

Case 12, R. B,, was a 17-year-old male
with paralytic right leg shortening of 2
inches that was equalized on August 7,

Fic. 5. A.McC. Postoperative “separa-
tion™ ‘treated by weight-bearing and
healed.

1957, with 9 days’ hospitalization. The pin
was removed on June 18, 1958. Figures 7
and 8 show the correction.

SUMMARY

Leg-length equalization by femoral shost-
ening of the longer extremity and intra-
medullary pin fixation has been without
serious complication in 12 cases and has
allowed brief hospitalization with early
ambulation,

The procedure seems to offer more def-
1nite correction and less risk than other cur-
rent approaches to the problem.
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Fic. 6. B.H. Before and after equalization.
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Equalisation del Longor del Gambas per Accurtamento del Femore

Summario in Interlingua

Curtitate de un gamba amontante a plus
que 2 cm es melio equalisate in nostre
experientia per le simple resection del altere
femore in I tertio central con fixation

intramedullari per medio de wun clavo
Hansen-Street de section rhomboide a
grande calibre con helices a ambe extremi-
tates pro facilitar le insertion.
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Fia, 8. Farill-type leg-length roentgenograms before and after equalization.

Supporto de peso con crucias, quasi im-
mediatemente post le nperation, ha reducite
le duraton del sojorno al hospital. In
adolescentes, nulle altere technica special
esseva requirife pro prevenir rotation. Le
clavo es facilemente eliminate post le com-
pletion del soldage. Isto ha occurrite sin
incidente.

Accesso posterolateral con sterile tourni-
quet inguinal e le uso del serra reciprocante
de Stryker ha permittite accelerar le opera-
tion. Precoce permission de activitate ha
permittite le retention de un normal funcnovn
del genu ¢ un rapide accurtation del quadri-
cipite con retorno de poter.
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Repair of Digital Nerves in
Lacerations of the Hand and the Fingers®

MICHAEL L. LEwIN, M.D.

Lacerations of the palm and the digits are
among the injuries cncountered most fre-
quently in industry and the home. In the
distal part of the palm and over the digits,
the digital nerves are located superficially;
thus, they are easily severed in injuries that
may appear to be insignificant. In more
extensive lacerations in which the flexor
tendons are damaged, one or more of the
adjacent digital bundles (the nerve with
accompanying artery) usually are severed.

In the distal part of the palm, the nerves
are purely sensory. The last motor com-
ponents of the two volar nerves lie behind,
in the proximal part of the palm. Occa-
sionally, in deep lacerations at the base of
the thenar, the short motor branch of the
median nerve may be injured, together with
the adjacent digital nerves. Isolated injuries
of the motor branch of the ulnar nerve are
rare because the nerve runs in the deep
m}d-palmar space, protected by the over-
lying structures,

Severance of a single proper digital nerve
results n anesthesia of one half of the finger,
while the injury of the common digital nerve
fesults in anesthesia of half of each of the
two adjacent fingers. More extensive lacera-
tions across the palm or the digits are likely
to involve several digital nerves,

—_—

* From Plastic
pital, Bronx, N.Y.

The author 1s indeh i
b indebted to Dr. Julian Rosenthal,
p]:slarftm:m of Phy§xv,a\ Medicine, Montefiore Hosz
» for all the testing in connection with this work
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Often, digital nerve injuries are over-
looked or left unattended at the time of the
injury. The sensory loss is mot apparent
unless the patient mentions it or the surgeon
looks for it.

Many misconceptions of digital nerve
injury still prevail. For example, the result-
ant disability is inconsequential; sensation
returns spontancously; the nerves are too
small to be sutured.

When the nerve is severed, there is a
complete anesthesia in its field of distribu-
tion, distal to the injury. If left unattended,
the nerve fibers of the proximal fragment
will grow out. If the two ends remain in
close approximation, some of the fibers may
find their way into the distal segment, and
some degree of regeneration may take place.
However, such spontaneous recovery is very
uncertain, is dependent on almost ideal con-
ditions, and is always incomplete. The
proximal fibers reach out and embed them-
selves in adjacent tissue, particularly when
a gap exists between the severed segments.
The proliferation of the proximal ending
results in a neuroma. Because of its super-
ficial location, such a neuroma is painful on
pressure and disabling, (Fig. 1) Aftera pro-
longed period some spontaneous improve-
ment may take place, due to the overlap
from the adjacent unaffected areas. But this,
again, is very incomplete and limited only
to the recognition of coarse sensory stimuli,

The disability in digital anesthesia has
been poorly appreciated because its evalua-
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Leg-Length Equalization by Femoral Shorfening

Fic. 8. Farill-type leg-length roentgenograms before and after equalization.

Supporto de peso con crucias, quasi im-
mediatemente post le operation, ha reducite
Ie duration del sojorno al hospital. In
adolescentes, nulle altere technica special
esseva requirite pro prevenir rotation. Le
clavo es facilemente eliminate post le com-
pletion del soldage. Isto ha occurrite sin
incidente.

Accesso posterolateral con sterile tourni-
quet inguinal e le uso del serra reciprocante
de Stryker ha permittite accelerar le opera-
tion. Precoce permission de activitate ha
permittite e retention de un normal function
del genu e un rapide accurtation del quadri-
cipite con retorno de poter.
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Lacerations of the palm and the digits are
among the injuries encountered most fre-
quently in industry and the home. In the
distal part of the palm and over the digits,
the digital nerves are located superficially;
thus, they are easily severed in injuries that
may appear to be insignificant. In morc
extensive lacerations in which the flexor
tendons are damaged, onc or morc of the
adpacent digital bundles (the nerve with
accompanying artery) usually are severed.

In the distal part of the palm, the nerves
are purely sensory. The last motor com-
ponents of the two volar nerves lie behind,
in the proximal part of the palm. Occa-
sionally, in deep lacerations at the base of
the thenar, the short motor branch of the
mMedian nerve may be injured, together with
the adjacent digital nerves. Isolated injuries
of the mator branch of the ulnar nerve are
Tare because the nerve runs in the deep
mid-palmar space, protected by the over-
1Ylﬂg structures,

Severance of a single proper digital nerve
results yn anesthesia of one half of the finger,
r;}:lli:hii mjury of the common digital nerve
w0 ot anesthesia of half of each of the
tions aiarzesls\tlgngers. More ex?e.nsivc lacera-

. € palm or the digits are likely

1o involve severa] digital nerves.
_—
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Often, digital nerve injuries are over-
looked or left unattended at the time of the
injury. The scnsory loss is not apparent
unless the paticnt mentions it or the surgeon
looks for it.

Many misconceptions of digital nerve
injury still prevail. For example, the result-
ant disability is inconsequential; sensation
returns spontancously; the nerves are too
small to be sutured.

When the nerve is severed, there is a
complete anesthesia in its field of distribu-
tion, distal to the injury. If left unattended,
the nerve fibers of the proximal fragment
will grow out. If the two ends remain in
close approximation, some of the fibers may
find their way into the distal segment, and
some degree of regeneration may take place.
However, such spontaneous recovery is very
uncertain, is dependent on almost ideal con-
ditions, and is always incomplete. The
proximal fibers reach out and embed them-
selves in adjacent tissue, particularly when
a gap exists between the severed segments.
The proliferation of the proximal ending
results in @ neuroma. Because of its super-
ficial location, such a neuroma is painful on
pressure and disabling, (Fig. 1) Aftera pro-
longed period some spontaneous improve-
ment may take place, due to the overlap
from the adjacent unaffected areas. But this,
agam, is very incomplete and limited only
to the recognition of coarse sensory stimuli,

The disability in digital anesthesia has
been poorly appreciated because its evalua-
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FiG. 1. Mid-palmar lacerations in in-

dustrial accident. The skin was sutured
in the plant’s clinic, and the patient re-
turned to work after a week. One month
later, the patient complained of inability
to use his hand. Diagnosis of severance
of the common digital nerve was easily
established. “X” shows the location of the
neuroma, which was sensitive to pressure,
and the patient could not hold anything 1n
the palm. The area of numbness on the
middle and the rng fingers and of dimin-
ished sensation on the palm is marked
This numbness made the use of the in-
volved fingers awkward.

tion is based primarily on subjective find-
ings. That this disability is a serious one
can be demonstrated readily by furctional
tests in which the patient picks up and rec-
ognizes small objects, sews, ties a knot,
winds a watch, or buttons a shirt. The
speed, automatic ease, co-ordination and
precision of many functions in our daily
lives and in industrial skills depend to a
large extent on the highly developed tactile
gnosis in our fingers Furthermore, other
modalities of sensation, such as differentia-

tion between hot and cold, and between
blunt and sharp, protect the fingers from
burning, cutting and crushing trauma

Digital anesthesia limited to one finger or
a part of it, though not as severe as a sen-
sory loss from nerve injury in the forearm,
which affects a major part of the hand, 1
a source of annoyance, discomfort and dis-
ability. When the radial digits are involved,
the handicap may be serious, since most of
our stereognostic recagnition comes via the
pulp of the thumb and the index finger,
which is richly endowed with sensory
endings,

DIAGNOSIS

Often, the patient will volunteer the infor-
mation that his finger is numb. But he is
likely to be more impressed by the brisk,
though  short-lived, hemorrhage usually
accompanying such injury and may attribute
the numbness to the pain and the shock of
the trauma, He is further confused by the
distribution of the numbness, which may be
limited to half a finger.

The diagnosis can easily be made by test-
ing the fingers with a light pinprick and by
questioning the patient. Pressing or squeez-
ing the finger is not a valid test, since such
impulses may be transmitted in the absence
of cutaneous sensation.

In a child or in an un-co-operative patient
who does not respond to questiomng, 2
nerve injury must be suspected if the loc2-
tion and the extent of the wound are con-
sidered in relation to the topography of the
digital bundles. In such cases, when the
wound is repaired, the nerves should be Vis-
ualized and, if they have been severed,
should be sutured. Objective tests of sensd-
tion are valuable in special cases but ar¢
rarely essential for establishing a diagnos's-
They are not practical in acufe Casts:
(Fig. 2)

SURGICAL ANATOMY

Detailed anatomy of the nerve supply of
the hand, innervation of the intrinsic mus-
culature and the various common deviations
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Fig. 2. (A) Scar on
ring finger of 4-year-old
child (as indicated by
dark line) due to lacera-
tions that occurred 2
months previously. At
time of repair of lacera-
tion, severance of both
digital nerves was sus-
pected because of loca-
tion of wound. The ra-
dial digital nerve was
intact, but the ulnar
digital nerve was sev-
ered and was suturcd.
Both flexor tendons
were severed, and no
attempt was made ini-
tially to repair them.
(B) Normal sweat-gland
pattern of ring finger in-
dicating recovery of sen-
satton 2 months after nerve suture, when flexor tendon graft was performed.
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in distribution can be found in any textbook Of the three merves participating in the
of anatomy of the hand.? The following, sensory distribution of the hand, the most
therefore, is only a brief review of anatomic  important is the median, because of the fact
facts pertinent to this discussion. that it supplies the radial two thirds of the
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Natomy, Philadelphia, Lea & Febiger)
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palm. Before the median nerve enters the
carpal tunnel, it gives off the palmar branch
(Fig. 3), which supplies the skin of the
palm. The median nerve then enters the
palm at the distal border of the carpal liga-
ment at the point that roughly can be located
at the intersection of the thenar skin crease
and an imaginary line running from the apex
of the first digital cleft to the front of the
pisiform prominence. Immediately upon
penetrating the palm, the nerve divides in
rapid succession into several branches. The
first and the shortest on its radial side is the
recurrent motor twig that penetrates the
thenar musculature. The radial digital nerve
to the thumb branches off next. The rest
of the nerve forms three common digital
nerves. The first one gives off the ulnar
branch to the thumb and then continues as
the radial digital nerve to the index finger,
in close relation to the adjacent lumbrical
muscle. The other two common digital
nerves pass underneath the superficial volar
arch and, accompanied by the digital arter-
ies, run just below the palmar aponcurosis,
in the loose tissue between the tendons. Both
digital nerves to the thumb first run parallel to
each other on the anterior surface of the
adductor muscle. The radial nerve then
crosses the tendon of the flexor pollicis longus
to reach the corresponding side of the thumb.

The bifurcation of the common digital
nerves usually can be located about % inch
distal to the interdigital skin webs, where
the nerves are covered by a fat pad. The
proper digital nerves pass under the inter-
digital natatory ligaments and enter the soft-
tissue pad of the fingers, where they run
superficial to the tendons. The digital arteries
can be found posterior to the nerves. The
nerve can be followed to the distal finger
crease, where it breaks up into termunal
twigs that supply the pulp of the fingers.
While the caliber of the nerve diminishes in
its distal course, in the mid finger, the nerve
is still big enough to permit suturing.

The course of these branches can be
plotted by drawing a straight line from the

point of entry of the median nerve into the
palm toward theis final destination. Except
for supplying the two radtal lumbrical mus-
cles, all the common digital nerves are
purely sensory.

The ulnar nerve enters the palm on the
top of the carpal ligament, along the radial
border of the pisiform bone, which is an
easy surface landmark. Before reaching the
distal border of the carpal ligament, it
divides into two branches. The motor branch
penetrates the hypothenar musculature and
dives into the depth of the palm posterior to
the tendons, where it runs through the mid-
palmar space to the first interdigital cleft.
The superficial sensory branch can be found
over the hypothenar eminence, covered by
the palmaris brevis and a fat pad. There it
gives off a palmar branch and another
branch that runs on the top of the abductor
digiti quinti, toward the ulnar side of the
little finger. The remaining nerve forms the
common digital nerve to the adjacent halves
of the ring and the little fingers.

The dorsal sensory branches from the
ulnar and the radial nerves leave the main
stem in the distal forearm, emerge through
the fascia around the wrist, and divide inte
multiple branches over the proximal part
of the dorsum of the hand.

PROCEDURE

It is always preferable to suture a severed
digital nerve during repair of an acute lacera-
tion, though this can be performed as 2
delayed, elective procedure. In lacerations,
the nerve usually is divided without loss of
substance; and, since the divided fragments
do not retract as tendons do, usually they
can be found close to the point of injury.

In operating on the hand, a bloodless
operative field, achieved by application of &
tourniquet, is desirable and may be essen-
tial. The usual application of the tourniquet
on the upper arm will require general anes-
thesia or brachial block. On the finger,
applying the tourniquet to its base may be
adequate and will permit the use of local
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anesthesia by blocking the appropriate digi-
tal nerves at the bifurcation and combining
it with a circumfcrential infiltration. The
injection is made through the dorsum rather
than through the tough palmar skin and
fascia. Less than 5 cc. of 2 per cent Xylo-
caine without epinephrine or an equivalent
local anesthetic is nceded.

A binocular loop is very helpful in iden-
tifying the small nerves and cxamining the
cut ends. By visualizing the nerve bundles,
the nerve can be identified properly, and
any damaged or scarred portion can be
trimmed accurately.

In acute lacerations, the wound is treated
in a routine manner by irrigation and con-
servative débridement. Then the wound
edges can be retracted or the wound en-
larged, if necessary, to permit careful inspec-
tion. In the digit, the nerve can be located
by blunt dissection with a pointed artery
clamp in the soft-tissue pad just superficial
and lateral to the fiexor theca, When lo-
cated, the nerve endings are eased out to
obtain a slight slack before suturing. In the
digit, it is preferable to enlarge the wound
along the mid-lateral line, in order to
approach the nerve along its course.

If a tendon repair or graft is planned as
a delayed procedure, the nerve can be
reached through the same exposure, and the
nerve suture can be postponed justifiably.

In the palm, the fascial wound laceration

may need to be enlarged. The common digi-
tal nerves are sufficiently large and, located
in the loose tissue, offer no difficulty in iden-
tification and exposure. If the nerve is
severed cleanly, no part of it need be sacri-
ficed, and the fragments can be approxi-
mated. If the severance is untidy, the ends
must be excised until normal nerve tissue
1s visible.

. In the secondary repair, the elective inci-
sions usually are mid-lateral on the finger or
Parallel to the creases in the palm. When
the severed nerve is embedded in scar tissue,
the proximal and the distal fragments are
€xposed where they are normal 1n appear-

ance and in location. Then they are dis-
sected toward the site of the injury. The
neuroma and the scarred ends are trimmed
until normal nerve bundles can be visualized.
Usually it is necessary to mobilize the nerve
fragments sufficiently to overcome the gap.
Gentle traction can help overcome such
small gaps so that the severed ends lie in
approximation before the suture is under-
taken.

The severed nerves are approximated with
the fincst silk available on atraumatic
needles. (Conjunctival or arterial sutures
are recommended.) These sutures pass
through the nerve sheath only, and an exact
end-to-end approximation is obtained in
order to keep the growing nerve fibers within
the confines of the sheath. In the mid finger,
two sutures may be all that are needed.
Where the nerve is larger, several sutures
are inserted circumferentially.

Occasionally, when the digital nerve is
severed at the bifurcation, it may be neces-
sary to join two small distal fragments to a
single larger proximal segment. This can
best be accomplished by aligning the two
smaller fragments, joining them with one
suture passed through the sheaths and then
treating them as one unit in making the
end-to-end anastomosis.

Loss of nerve substance rarely occurs in
lacerations. When there is a substantial gap
between the nerve fragments, it may be
necessary to mobilize the nerve in the fore-
arm to permit advancement of the proximal
fragment several centimeters; or a graft from
a cutaneous nerve may be used to bridge the
gap. The details of this technic are beyond
the scope of this chapter.

It is best to place the sutured nerve in the
normally vascularized soft tissue away from
the scar. If there is loss of integumental tis-
sues, it may be necessary to cover the nerve
with a skin flap, preferably one from adja-
cent skin. Application of a free skin graft
directly over a nerve is not recommended.

Postoperative immobilization is accom-
plished by splinting, kecping the adjacent
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FiG. 4, Lacerations at
the base of the thumb.
Numbness of one side of
the thumb was reported
immediately. The nerve
was sutured during repair
of laceration. There was
no sensory return on sub-
jective and objective test-
ing 5 months after injury.
On re-exploration, the dis-

tal nerve segment was found to be sutured to a thrombosed
artery. Secondary nerve suture was then performed. (A and
B) Arca of anesthesia at the time of the secondary operation
and 1 month later. (C) Three months later, normal response
to pin prick was elicited. In an electric test, the thumb showed ..

normal response. Fingerprints on iodine starch paper revealed L AN c

an almost normal sweat gland on the involved side of the ..
thumb. Note that on the ulnar side of the thumb the density - :
of the dots (each representing an active sweat gland) is less

__J

than on the radial side. Careful testing for tactile recognition

showed that it was present but still below normal.

joints in flexion to slacken the sutured nerve.
The immobilization is maintained for 3
weeks; the nerve junction then is strong
enough to permit motion,

The patient is told that recovery will be
slow and that the numbness will remain
unchanged for a few months. Frequently,
the return of sensation is preceded by a
period of hyperesthesia that may be quite
annoying,

RESULTS

Since digital nerves are purely sensory
and are relatively close to their endings, the
result of their repair is more gratifying and
complete than that of any other severed
nerve. The growth rate of the nerve fibers
from the suture site has been estimated at
1 mm. per day—about 1 inch per month.**
The anesthetic area shrinks gradually in a
distal direction. (Fig. 4) The degree of
sensation continues to improve for several
more months, The advance of the regen-
erated fibers often can be followed by Tinel’s
sign. (Tapping over the course of the nerve
elicits tingling or light shock at the tip of
the finger.)

It is difficult to evaluate the completeness
of sensory recovery, since digital sensations
are manifold. The sense of touch and dis-
crimination between sharp and dull usually
return within the anticipated period, fol-
lowed closely by temperature recognition.
Tactile gnosis lags behind considerably.

Objective tests of sensation are based on
the fact that the regeneration of the secre-
tory sympathetic fibers that accompany the
sensory nerve parallels that of the sensory
component.* The sweat glands are inactive
in denervated skin, and the absence of per-
spiration accounts for the smooth, velvety
texture of the insensitive areas. Dryness
decreases the conductivity of the skin to
electric current; this is the principle under-
lying electric testing of sensory loss. The
test can be performed better when the
patient is perspiring. Normally innervated
areas offer a yardstick for comparison.

Other tests, based on the absence of or
decrease in sweat, utilize a fingerprinting
method with the aid of substances tl‘1a!
react chemically with sweat, such as iodine
and starch, or ninhydrin. These tests sho.\v
quantitative differences and are helpful in
determining the degree of recovery. (Fig. 5)
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del nervos digital debe esser prendite in con-
sideration in omne casos de laceration del
superficie palmar del mano e del digitos.
Le diagnose de tal vulneration pote, usual-
mente, esser establite per un simple examine
clinic: On testa le digitos per un leve picca-
tura de agulia e accepta le responsa subjec-
tive del patiente. Tests objective de sensa-
tion es basate super le function de glandulas
sudoripare. Istos es absente quando le nervo
es secate. Le pelle sic revela un augmento
de resistentia in tests con currente electric.
Per medio de un methodo de impressiones
digital in combination con Ie uso de substan-
tias chimic que reage con sudor, le absentia

o diminution de activitate sudonpare pote
etiam esser demonstrate. Iste tests es utile
in Je caso de patientes pediatric o de pa-
tientes non-cooperatori € in le evalutation
quantitative del sensation.

11 es preferibile suturar le secate nervo
durante le reparo initial del Jaceration, sed
iste operation es quasi equalmente efficace
quando illo es executate como un retardate
manovra elective. Nervos digital pote esser
suturate in areas distal usque a illo del pha-
lange medie. Post le meticulose e precise
sutura del nervo, un complete restablimento
sensori pote esser expectate,
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Small-Element Lesions of the Cervical Spine
Due to Trauma

RicHArRD F. WAGNER, M.D., AND MARTIN S. ABEL, M.D.*

Major sources of neck injury are (1)
blows to the head, transmitting force to the

*San Francisco, Calif.
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ment of the Medical School, University of Cali-
fornia, at Berkeley, for their co-operation and the
use of their facilities; to Dr. C. W, Asling, professor
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California, for his personal aid and his suggestion
for the ication of microradiography to this
project; and to the x-ray department of Stanford
University Hospital and the Alameda County
Tuberculosis Association for the use of the chest
mentgcnogr:lms.
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FIG 1. The anteroposterior angled 30°
caudad view. (Lefr) Postioning dagram
The techme shown includes the magnfi-
cation technmie, which 1s optional. The
angle may be changed shightly for indi-
vidual cases, (A M.A. Scientific Exhibits

1
i
|
i
I
:
1

neck, and (2) sudden application of force
to the body with the head unsupported on
the flexible neck. This is the so-called whip-
lash that is so common in crash injuries.
The very complexity of the bones, the joints
and the soft parts traumatized renders accu-
rate diagnosis difficult.

X-ray helps to separate the bony from the
soft-part lesions. Review of the literature
shows progressive striving for improvement
in diagnostic technics over the old antero-
posterior and lateral views, which proved

1957, New York, Grune) (Righr) Normal cervical spine. Note the symmetric visualization of

the lower laminae, facets and lateral masses.

235
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F16, 2. The modified occipitosubmental view of the upper cervical vertebrae. (Left)
Positioning diagram. The magnification shown js optional. The angle may be varied
slightly in individual cases. (Right) Normal exnmp]e. Note the axial view of the entire
ning of C 1 and the excellent visualization of the transverse processes of C 1. (A M.A.

Scientific Exhibits 1957, New York, Grune)

to be so sadly inadequate on autopsy
check.’ Oblique views, the flexion-exten-
sion laterals of Davis,1t views taken in trac-
tion to show ligamentous tears’ and, re-
cently, Boylston’s flexion-extension obliques®
have been added to the standard views. This
last-mentioned technic demonstrated lateral
interarticular isthmus and lamunar fractures,
later confirmed at surgery.

For some years the authors have adopted
additional views of the cervical spine based
on anatomic studies in cadavers.*!

For visualization of the apophysial joints,
the interarticular isthmi and the laminae of
the lower spine, a 30° caudad angled antero-
posterior view is invalvable, showing the
joints, the isthmi and the laminae in sym-
metric fashion (Fig. 1). This is best taken
stereoscopically. For the atlas and the axis,
a modified occipitosubmental view, similar
to that advocated by Jackson, is best.2* This
also 1s done 1n stereo (Fig. 2). For best
visualization of the Luschka jomts, the
anteroposterior view angled 20° cephalad is
recommended (Fig. 3).

In addition, we feel strongly that use of
the 0.3 mm. focal spot x-ray tube gives films
of better diagnostic quality. This is espe-
cially true in the occipitosubmental view of
C 1, where the part is necessarily some dis-
tance from the film, and good bony detail
is a rarity with larger focal spots. A short
tube-object distance is employed with these
three views and the oblique views, pro-
ducing differential magnification and sepa-
ration of superimposed shadows.** Nott? in
Figure 1, right, the absence of a superim-
posed shadow of the vertebral body over the
posterior elements.

These technics were found to be adequate
for the diagnosis of small fractures produced
in cadavers by forces simulating whiplash
injury.

These same lesions, plus subluxations, are
demonstrated in the clinical series. In order
of frequency our patients disclosed: .

(1) interarticular isthmus fractures with
or without laminar involvement (Fig. 4)

(2) fractured transverse process of ci,
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fibem

A

Fic. 3. Anteroposterior view
angled 20° cephalad. (Left)
Positioning diagram. The mag-
nification technic demonstrated
is optional. (Right) Normal ex-
ample. Note the symmetric vis-
valization of the joints of
Luschka,

frequently extending into the articular facet This diagnosis is sometimes difficult to
(Fig. 5) make when the head is twisted, but we feel

(3) rotational subluxations of C 1 with re-  that unequal placement of the rig}.n. and the
spect to the occiput and the axis. left facets of the atlas on the occipital con-

b":"ﬂlu
-

Fue. 4, M.P., S6-year-old male Whiplash injury sustained on July. 23, 1956 (Left)
Anteroposterior caudad view on July 24. Note slight deformity superior facet C 6, left
(Right) Anteroposterior caudad view on December 6. Note further sagging and frag-

Mentation of superior facet in intervening 5 months. (A.M.A. Scientific Exhibits 1957,
New York, Grune)
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FIG. 5. M.P,, 29-year-old female, who was in a head-on collision on September 9, 1955.
(Left) Occipitosut 1 view on September 23. Note avulsion, fragmentation and rota-
tion in two planes of left transverse process of C 1 (not visible on open-mouth view).
(Right) Occipitosubmental view on November 8, 1956, Note improvement in position of
fracture fragments and new bone formation in intervening yesr. (A.M.A, Scientific
Exhibits 1957, New York, Grune)

dyles in the occipitosubmental projection is  description of symptoms and such general-
a quite reliable criterion (Fig. 6). zations as “the neck shows a good range of

(4) Luschka joint fractures (Fig. 7). motion.” In many instances, an initial exam-
ination will demonstrate a range of motion
CLINICAL EXAMINATION that would be within the average Himits of

In reviewing reports of examinations of normal, and only subsequent careful exami-
individuals subjected to neck trauma, one Is  nation will show that in this particular pa-
struck by the frequent incidence of vague ftient there was actually a limitation to begit

Fic. 6 HF., 46-year-old male, who was m a rear-end colfision on January 10, 1957.

(Left) Oceipitosubmental view on March 16. Note rotation of C 1 w;gh respect to the
ocerpital condyles anteriorly on the night and posteriorly on the left. (Right) Ro_ent]gt:f!o‘
gram of occipitosubmental view of C 1 dated March 25 after traction and manipulation
under anesthesia Note reduction of rotary subluxation seen on previous roentgenogram
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Fie. 7. LB, injured on July 10, 1955, in an automobile-motorcycle collision. (Left)
Lateral view. Note shiver of bone off inferior cortex of C 6 extending anteriorly from
joint of Luschka. (Right) Anteroposterior view angled cephalad December 16, 1956,
gnte fragmentation of sixth Luschka joint. (A.M A. Scientific Extubits 1957, New York,

Tune)

with, Therefore, careful questioning, careful
observation and measurement and, above
all, an open mind are indispensable in the
evaluation of these cases. It is strongly sug-
gested that the clinical examination include
the taking of the history by the examining
Physician himself, as well as careful inquiry
2 to the mechanics of the injury, presence
of neck pain, occipital headache, visual dis-
tubance and/or periorbital pain, shoulder
girdle and/or arm pain, and sensory dis-
turbances in the above-mentioned areas.
Also, the presence of dyspnea or dysphagia

should be sought.
Physical examination should cover the

ollowing;
ext(eln)s' Test{ng of range of motion in ﬂexi.on,
nd lelfon, nght and left flexion, and right
t torsion, measurements being made
With 2 goniometer.

Only thus can serial examination indicate
the presence or the significance of limited
motion. Pain or absence of it at extremes
of motion should be recorded, and, in later
examinations, crepitus on motion should be
sought.

(2) Investigation of involuntary muscle
spasm by palpation of the superficial mus-
cles with the patient relaxed.

(3) Investigation of point tenderness, not
only by the usual percussion and palpation
of the spmous processes, but with the pa-
tient prone, his head supported on pillows
or on the examiner’s lap, so that C 1 and
C 2 tenderness, which is difficult or impos-
sible to elicit in the upright position, may be
demonstrated.

Also, lateral tenderness should be sought
by palpation anterior to the trapezius border
with the patient seated and the head sup-
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FiG. 8. Physical examination of the neck. (Left) Palpation posteriorly of the C 12
area. Relaxed head, face supported by pillow. (Center) Examination for tenderness
Iaterally by palpation anteriorly to the trapezius border with the head supported by the
examiner from behind. (Right) Examination in the upright position with the cervical
muscles relaxed by supporting the chin on the cxaminer’s hand, which rests on the patient's
manubrium,

ported by the examiner from behind. The
usual examination of the spinous processes
for tenderncss may be made simpler by sup-
porting the patient’s chin against the exam-
iner’s fist with the fist on the suprasternal
notch. (Fig. 8)

(4) Neurologic examination, including
sensory examination of the head, and testing
of the pupillary reflexes with particular
search for Horner’s syndrome and measure-
ment of pupils at extremes of cervical
torsion, These findings indicate stretch or
other injury of the cervical sympathetic
chain.”

Nerve trunks should be palpated for
tenderness.

(5) Inmspection of the pharynx for the
presence of retropharyngeal hematoma.

CLINICAL SERIES

In an attempt to discover the significance
of occult fractures and subluxation of the
types demonstrated by Boylston and Abel, a
series of 100 unselected cases showing occult
lesions radiologically was analyzed and
compared with a similar series of cases in
which the roentgenograms failed to demon-
strate such njuries. We emphasize that this
is not an end-result study, since the follow-
up is too vanable, and the series is too

small for statistical analysis. Indeed, some
of the radiologic technics used in this study
are less than 5 years old. However, in
making the comparison, certain trends
become apparent.

The series of 100 cases showing occult
fractures had follow-up from 3 to 37
months., This series included 48 interarticu-
Jar isthmus and laminar fractures of lower
cervical vertebrae. One case was associated
with a Luschka joint fracture. There were
20 cases of fracture involving the transverse
processes of the atlas or the axis, in some
instances extending into the joints, There
were 31 cases of combined lesions from
these two previous categories in the same
patient. There was one pure Luschka joint
fracture, In addition to this, 36 cases 9f
rotational deformity of C 1 are included in
this series, each case associated with one of
the fractures cnumerated above. (This
lesion is also present in the control series
unassociated with fracture.)

The following clinical observations are
made:

1. Neck pain was present in all cases.

2, Occipital headache was present 1n 81
cases of the 100, including many of the pure
lower cervical fracture Jesions, but was pres-
ent in all but three of the atlas axis fracture
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group and scemed to be of greater duration
in this group.

3. Cercbral symptoms corrclated with
uppar cervical lesions. These consisted of
blurred vision, difliculty in focusing, trouble
with balance, and orbital pain,

The importance of disturbance of the sub-
occipital muscles and the righting reflex
mechanism in which they play so important
a role has been pointed out by Campbell.?
Skillern,'® Scletz!* and Jackson!® have indi-
cated the importance of involvement of the
second cervical root in production of these
symptoms and jts anastomosis with the
ophthalmic branch of the trigeminal ncrve
in the brain stem, through the tract of the
descending V.

Jackson has stressed the peculiar vulner-
ability of the second cervical root, in that it
is unprotected either by facets or lamina,
though lying adjacent to the most mobile
cervical joint.

Fielding,* in his cincroentgenographic
studies, has demonstrated beautifully the
extreme and complex motion of the atlanto-
axial joint.

In our fracture series, where the lesions
were localized in the lower cervical region,
these and simitar sympioms were recorded
0.nly in those cases complicated by concus-
sion.

4. Shoulder and arm symptoms appeared
to be indicative of lower cervical lesions;
the'y were present in 25 of the 48 pure lower
lesions, in 21 of the 31 combined upper and

lower lesions, and in only one case where
there was a pure upper fracture.
wai. Limited. motion in one or more planes

Present in all cases and usually im-
Proved on serial clinical exammnation.
inﬁt.helnvolumary. x{msc]e spasm was elicited
W atC_Ute postinjury stage in _a!l patients.
Pmtecl:?vlems in the uprlght position, habi.t-
Tany o € muscle~guardx.ng persisted  in
of d%liﬁcajes .fOr 'long periods, but, because
untary s“ ;y In differentiating this from vol-

7 Lscasllin’ it was hard to evaluate.

zed bony tenderness proved to

be the most reliable sign of fracture coin-
ciding with arcas of x-ray deformity in a
large majority of cases. In paticnts seen very
carly after injury, tenderness was less well
pin-pointed than in those seen a few days
later.

8. Neurologic cxamination rarely revealed
positive signs in spitc of the multiplicity of
symptoms suggestive of nerve root irritation.
There were 11 cases of hypesthesia involv-
ing root areas adjacent to the fracture site,
10 brachial, 1 cervical. A diminished reflex
occurred in 3 cases, 1 persisting 3 years.

For control, a similar group of neck injury
cases not involving fracture was examined
for comparison with the 100 cases cited
above. Sixteen per cent of these cases
showed rotational deformity of C 1. Neck
pain was a complaint in all cases, but addi-
tional symptoms occurred in lesser inci-
dence. For example, occipital headache was
secn only in 36 per cent; eye symptoms or
orbital pain, in 10 per cent; shoulder girdle
or arm pain, in 14 per cent. Physical exam-
ination revealed limited motion in one or
more planes in all cases and involuntary
muscle spasm in the acute stage in all cases.
Well-localized bony tenderness was present
in 33 per cent of cases, and 3 per cenmt
showed hypesthesia. No reflex abnormali-
ties occurred. Certain factors are compared
in Table 1.

The above figures indicate that no single
clinical finding is pathognomonic of fracture
but that well-localized bony tenderness and
the presence of other symptoms in addition
to neck pain are certainly suggestive. Com-
parison of the two series of patients with
cervical trauma with or without fracture
showed a considerable amount of overlap-
ping of duration and severity of symptoms,
but a number of trends was obvious:

1. Examining the table, it can be seen
that neck pain and limitation of motion
lasted, on the average, almost three times as
long in those with demonstrable fracture as
in those without.

2. Localized bony tenderness was present
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TABLE 1. PATIENTS WITH INDIRECT CERVICAL TRAUMA

WITHOUT FRACTURE (100 CASES) WiTH FRACTURE (100 Casts)

Age .. veesne 1810 66, av, 35 12 to 60, av, 36
Neck pain . .2 to 12 mos., av. 3.4 1to 37 mos., av, 11,1
Lim. motion ..... .. V4 to 12 mos., av. 2.3 1to 37 mos., av. 8.3
Spasm ........... ceesese....Fewdaysto 1 mo,av. 0.8 1t07mos.,av, 115
Bony tenderness ........ +vve0»38% well localized 86% well focalized (fractured and

Arm symptoms ...... PRI ..
Eye symptoms . .

Rotation C |
Duration of care .........

... .1 to 18 mos,, av. 4.3

adjacent vertebrae)
47% (largely in lower Jesions)
12% (largely in upper lesions)
36%
2to 37 mos,, av 12.3

in over twice as many of those with fracture
as those without.

3. Referred pain down the arm from
lower cervical lesions was present jn more
than three times as many cases where lower
cervical fractures were present.

TREATMENT

Since the presence of these fractures is a
new thing in diagnosis, the treatment is more
or less empirical and based on common
sense treatment of combined soft part and
fracture lesions elsewhere. The program
advocated consists of bracing and local heat
for the first 3 weeks. At the end of this
time, it is considered that there has been
sufficient healing of soft tissues to warrant
the addition of cervical traction. This is
quite gentle at first and is increased to toler-
ance, Intermittent mechanized traction is felt
to be superior, since it permits the patient
to take greater forces, and normal vertebral
realignment may be established by this
means alone, Earlier use of traction is con-
traindicated, since it interferes with the
healing of torn ligaments and other soft
parts, and, of course, distraction is known
to be detrimental to early callus formation.

These fractures involve small flat bones
that heal at varying slow rates, and mainly
by endostcal callus. In dealing with the
x-ray findings in this matter, it would appear
that a mimimum time of 8 weeks is necessary
1o distinguish x-ray signs of osseous change

consistent with healing of fresh fracture, This
is the earliest that a brace may be discarded,
and clinical signs are the best guide at this
stage.

In some cases, as pointed out by Abel?
deformities have been seen roentgenographi-
cally apparently predating the immediate
injury. Here clinical signs are found to dis-
appear in a period commensurate with soft-
part healing, and follow-up roentgenograms
fail to show changes characteristic of healing
fresh fracture,

After follow-up roentgenograms have
been made, gradual freedom from bracing
is accomplished, accompanied by a graded
exercise program. Physiotherapy and trac-
tion are continued through this period so
as to vary only one factor at a time. Sudden
discarding of the brace usually results in in-
creased symptoms due to cervical muscle
insufficiency.

An apparent paradox js seen in ‘thosc
cases which heal well, in that motion is ob-
served to increase during bracing. In a few
instances, the reversc has been seen, and
frequently such cases have been found to be
complicated by the presence of a rotational
C 1 deformity. Such cases have been treated
with forceful traction and gentle rotation
under general anesthesia with the addition of
a2 muscle paralyzant. Reduction of the de-
formities has been recorded on X-Tay as
demonstrated. (Fig. 6) Following this, the
patient is again braced for a time to aliow
for soft-part healing, and, after this, decrease
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in symptoms and increase jn total motion
have been noted.

Adjuncts to treatment are recumbency,
analgesics, antispasmedics, tranquilizers and
nene blocks, No cases have been teeated
with open operation,

FolLow-up STUDILS OF FRACTURES

Twelve cases were followed by clinical
eumination and roentgenograms from 25
to 37 months. The scrics is too small for
statistical analysis.

All patients had persistent  symptoms
localized to the injury area on latest follow-
up. Litigation had ccased to be a factor in
2ll but one case. Four cases of work dis-
ability existed. Some paticnts who had nor-
mal total motion at the end of the period
of active treatment Jater showed diminished
rnge. In some of these, very carly arthritic
changes were demonstrated at injury site.

In the Luschka joint fracture, the only
complaint offered was subjective crepitus.
The patient was unawase of 1-inch atrophy
at the left mid biceps, the deltoid and the
forearm  measurements being cqual. The

k{ldceps reflex was diminished on the same
sige,

EXPERIMENTAL STUDIES AND CORRELATION

L. In attempting to radiograph a serics
of normal cervical spines for reference, it
Was soon found that a number of asympto-
matic subjects had quite marked deformities
oi'comour and structure of smaller cervical
SPine elements, most frequently in the region
of the lower cervical interarticular isthmi.
Upon close questioning, most of these sub-
Jects could recall some traumatic episode of
possible relevance, even though they had
not Previously given a traumatic history.
OXhese lraumatic episodes were not usually
o gfz: severity, but, as shown by one of
e lr doc:s nat require a great deal of force
mcp oduce a fracture in this area experi-

ntally. Actually, there are probably few

People who could not recall a half-forgotten
rauma to he neck.

Accordingly, it was decided that a differ-
cnt approach was needed, and about 3,000
lower cervical spines were cvaluated, as
scen on rouline chest roentgenograms, This
yielded 1,074 posteroanterior chest roent-
genograms, on which the lateral masses of
the lower two or three cervieal vertebrae
are seen in about the same projection as on
our anteroposterior caudad angled view,
This scrics, of course, is sclective insofar as
Iateral masses with low degrees of obliquity
only are well seen on the chest roentgeno-
grams. The procedure is also incomplete,
because it ignores lesions at higher levels,
Furthermore, the bony detail on such roent-
genograms is seldom good enough to recog-
nize abnormatitics of internal structure.
However, it was felt that such a study would
give a rough mass evaluation of the fre-
quency of gross deformities and their rela-
tive frequency according to the age of the
patient. The results are as shown in Table 2,

Two findings are noteworthy: the fre-
quency is quite high, and the incidence in-
creases with age. The conclusion is that
these deformities are acquired and rot con-
genital. Furthermore, the high incidence in
the lower age group indicates that we are
not dealing with an aging phenomenon per
se; it emphasizes the probability of trauma
as an etiologic factor in many cases.

2. The necks of 31 cadavers were roent-
genographed, and then cleaned of soft tissues,
and the bones were examined macroscopi-
cally and microscopicaily. The cadavers were
selected at random from those used for
teaching in the Anatomy Laboratory, In

TasLe 2. LoweR CERVICAL SpINE SURVEY
FROM CHEST ROENTGENOGRAMS

AGE No. or No. %
Grour CASES  ABNORMAL ARNORMAL
01 ........ 18 0 0
1-20 ....,...203 17 8.4
21-40 . ...4]18 46 11.0
4160 ........296 61 20.6
61 and aver...139 57 41.0

(Abel, M. 8. Am. ] Surg, 97:534)
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TABLE 1. PATIENTS WITH INDIRECT CERVICAL TRAUMA
WITHOUT FRACTURE (100 CASES) WITH FRACTURE (100 CAsES)
Age ..iiiiiiiieiiiaiiee. ., 1810 66, av. 35 12 to 60, av. 36
Neck pain .. -2 to 12 mos,, av. 3.4 1to 37 mos., av. 11.1
Lim. motion . Y4 to 12 mos, av. 2.3 1 to 37 mos,, av. 8.3
Spasm ........ .Few days to 1 mo,, av. 0.8 1to 7 mos.,av. 1.15

Bony tenderness

Arm symptoms ..........0... 14%
Eye symptoms .
RotationC I ..

Duration of care .............1to 18 mos, av. 4.3

..... ceueas...38% well localized

86% well localized (fractured and
adjacent vertebrae)

47% (largely in lower lesions)

1245 (largely in upper lesions)

36%

2to 37 mos., av. 12.3

in over twice as many of those with fracture
as those without.

3. Referred pain down the arm from
lower cervical lesions was present in more
than three times as many cases where lower
cervical fractures were present.

TREATMENT

Since the presence of these fractures is a
new thing in diagnosis, the treatment is more
or less empirical and based on common
sense treatment of combined soft part and
fracture lesions elsewhere. The program
advocated consists of bracing and local heat
for the first 3 weeks, At the end of this
fime, it 1s considered that there has been
sufficient healing of soft tissues to warrant
the addition of cervical traction. This is
quite gentle at first and is increased to toler-
ance. Intermittent mechanized traction is felt
to be superior, since it permits the patient
to take greater forces, and normal vertebral
realignment may be established by this
means alone. Earher use of traction is con-
traindicated, since it interferes with the
healing of torn ligaments and other soft
parts, and, of course, distraction is known
to be detnmental to early callus formation.

These fractures involve small flat bones
that heal at varying slow rates, and mainly
by endosteal callus. In dealing with the
x-ray findings in this matter, it would appear
that a mnimum time of 8 weeks is necessary
to distingwish x-ray signs of osseous change

consistent with healing of fresh fracture. This
is the carliest that a brace may be discarded,
and clinical signs are the best guide at this
stage.

In some cases, as pointed out by Abel}
deformities have been seen roentgenographi-
cally apparently predating the immediate
injury. Here clinical signs are found to dis-
appear in a period commensurate with soft-
part healing, and follow-up roentgenograms
fail to show changes characteristic of healing
fresh fracture.

After follow-up roentgenograms have
been made, gradual freedom from bracing
is accomplished, accompanied by a graded
exercise program. Physiotherapy and trac-
tion are continued through this period so
as to vary only one factor at a time. Sudd.en
discarding of the brace usually results in in-
creased symptoms due to cervical muscle
insufficiency.

An apparent paradox is seen in those
cases which heal well, in that motion is ob-
served to increase during bracing, Ina few
instances, the reverse has been seen, and
frequently such cases have been found o be
complicated by the presence of a rotational
C 1 deformity. Such cases have been trea.ted
with forceful traction and gentle rotation
under general anesthesia with the addition of
a muscle paralyzant. Reduction of the de-
formities has been recorded on x-ray as
demonstrated. (Fig 6) Following this, the
patient is again braced for a time to allow
for soft-part healing, and, after this, decrease



in Symptomg
have been noteq,

Adjuncys to treatmen; are
nnalgcsics, nmispnsmodics, [i
ferve blocy

and j Crease jn {ota] Motiop
(Y

dingly, i Was decidoy th
ent APproach Wwag
TeCumpenc. y

at a diffe
neey , aboyy 3,000
lower Cervicy) Spines valuageq, as
anquilizer, and seen Toutine chest . Nogram.
o0 cases pay been treateq Yieldeq Poste
with Open Operation, Lenograp,
FOLLO\V-UP Stupygg or




244 Small-Element Lesions of the Cervical Spine Due to Trauma

one case there was a history of the indi-
vidual’s having fallen out of bed, striking his
head, 4 months prior to death. In the
others, there was no Hhistory of significant
trauma or of complaints localized specifi-
cally to the neck. Of the 31 cadavers, the
one with the history of trauma had a healing
fracture of the interarticular isthmus of C 6.
Of the 30 with no traumatic history, 8 had
definite evidence of a fracture involving the
lateral mass of one of the vertebrae from
C 4 to C 7. Other areas of fracture were
present in lesser incidence. The diagnosis
of fracture was based on the following cor-
related factors and criteria;

A. Evidence of deformity of contour and
internal structure on the original neck roent-
genograms, Variation of height of the lateral
mass alone is not sufficient criterion,

B. Finding of the gross anatomic deform-
ity upon dissection of the specimen,

C. On microscopic section, finding of
gross distortion of the trabecular pattern in
the area of suspected fracture. In the one

e e Llal - — i case of recent trauma 4 months prior to
Fics. 9 to 11. Studies of Cadaver 1, death, fibro-osteoid tissue with cement 11{165
This subject fc!l out qf bed 4 months was found in the involved area, indicating
before death, injuring his head and neck. that the fracture was stil healing (Figs.

{AM.A. Scientific Exhibits 1957, New

York, Grune) FiG, 9. Anteroposterior 9-12). i

view angled 30° caudad shows lateral D. Microradiography of sections of sus-
compression of 1ight articular process of pected fracture in comparison with sections
C 6 together with alteration in the internal of normal areas showing variation of density

structure of the bone in the nterarticular . ; a
area, of osteons in the area of distorted trabecy

Fic. 10, Right and left Iateral views
of the gross specimen. Note the ante;
rior displacement of the superiot faceb
of C 6 on the night as compared Wil
the inferior facet. This was a quit¢
characteristic shearing deformity foum:
repeatedly in interarticular isthmt
fractures in cadavers and patients.

L

{



Fie, 11, (Lefr) High
alicular isthmus of Coe. Dcmonsxralcd is osteoid tissue ang cem,
Bealing fracture, (Righty Microradiograph of bone from $ame areg 5
shows the irrcgularily Oof trabecytar structure apg Variation of bone
the presence ol new ang oq bone, This 45 the picture of reg

ke ang indicating the presence of new and
0ld bape, (Figs. 13-15)

It wag
that the Vatiations fadiographic density

Wag Confirmeq further by other histologic
fechncs Y LaCroix gpg Cohen®o a¢ by
53,

In some instances we have peen fortunate
SPough ¢ 82t sectigns showing broken tra-
bec"f" 3 degree of tadiographic

a DOrmalities e due to fealeq
[ractumg

Figs. 12 ang 13. Studies Of Cadayer 2
g (Abel, M. S.: Am, J. Sur, . 97:536
o These Bealed fracpy o, may be asymp. Fio. 12 . 7i536)
be::‘“c: and the CaUsative traumg may have 300 Ig;uda;j ’Z’,’,’,‘Z’fﬁfﬂﬁfzﬁﬁ a o
S0 triy; i i gra
fmgottcu. 1al or ancient ag ¢ have been shaped deformjty of the

surface of ¢ 7 ©n the righy
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Fra. 13. (Left) Micro-
radiograph of bony section
from normal left ‘superior
facet of C 7. Note regular
pattern of trabeculae and
uniform calctfication with
sharp borders. (Right)
Microradiograph of bony
section from abnormal
right superior facet of C7.
Note the trabeculae and
irregular calcification and
fuzzy contour. Upper ar-
TOW points to dark bridge
of new bone joining two
well-calcified, fairly nor-
mal trabecular fragments
Lower arrow shows small
punched-out dark areas in

bone. This we believe is the picture of new and old bone, normal and abnormal, representing a

healed fracture.

(Abel, M. S.. Am, J. Surg. 97:537)

Fi6. 14. Anteroposterior view angled
30° caudad shows marked lateral com-
pression of C 6, lateral mass indicated by
arrow The specimen also demonstrated
the characteristic shearing and displace-
ment antertorly of the superior facet of
the involved articular process.

¢. Therefore, absence of symptomatology,
a traumatic history, or both, does not neces~
sarily indicate normalcy, and a group of
such patients cannot be used as nommal
controls,

3. A study of arthritic changes in 31
cadavers showed that hypertrophic changes
of the bodies of the cervical vertebrae
occurred independently of similar changes
in the facets, and vice versa.

In those cases in which there was any
considerable amount of hypertrophic chan'ge
of the facets there was a notable deformity
of one or more of the facets with malalign-
ment of the facets. The maximum amount
of arthritic change on the ipsilateral side was
at, or about, the site of such deformity with
lessening degrees of change of the facets up
and down from the level of the lesion. A
similar focusing of arthritis occurred to @
lesser extent on the contralateral side, usu-
ally concentrated at the same leve] or 2
fevel above the Jesion.

The following conclusions may be drawn:

A. Hypertrophic changes of the bodies of
cervical vertebrae are independent of
changes in the smaller apophystal joints and
possibly are associated with static stresses
and strains.

B. Hypertrophic changes in the apophys:
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Fia. 15. Microradiograph of the af-
fected articulation shows quite clearly
fairly normal, dense, trabecular frag-
ments joined by fuzzy, irregular, dark
bridges of new bone, the picture of a
healed fracture.

ial joints are associated with deformities and
malalignments, notably with fracture de-
formities in this series, These changes appear
to be a response to altered mechanics in
movements of the neck.

CONCLUSION

There has been presented ample clinical
and experimental evidence that fractures of
the smaller elements of cervical vertebrae
in both the Jower cervical spine and the
C 1 area are quite common as the result of
trauma. The use of additional radiologic
views and technics is strongly urged for
better evaluation of these patients.

The clinical findings indicate that on the
average, the degree of symptomatology, the
d}xration of morbidity, the frequency of asso-
clated neurologjc findings, and the duration
of tl:eatment are greater in those cases of
Cervical trauma where occult fractures are
demonstrated by roentgenogram.

Some clinjcal diagnostic points have been
made, and the treatment of neck trauma in

subluxation of C 1—because of the diffi-
culties attendant on diagnosis and the com-
plication of coexistent soft-part lesions must
await follow-up studies in a large series of
patients over many years.

Unfortunately, the medicolegal implica-
tions of such lesions are obvious, the situa-
tion being analogous in this light to the
discovery of the herniated disk syndrome
some 30 years ago. A plea is made that
these patients be considered objectively and
that the symptoms and the residua be evalu-
ated dispassionately.
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delineate technicas special in le obtentio:
anamnese, in le examine physic, € in le
vidualisation rational del tractamento.
sublineate Je importantia del immobilis:
durante le prime septimanas, sequite
tarde per traction.
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CERyy, L VERTEBRAE
oth the atlas and the axis (C 3
are each Istint Vertebrae, e atlas jg a
ringlik, Structy e €ompogeq f a narr,
anterjop arch wisp Its anterjo, tubercle, com.
Parable v a body, The Posterior Portiop
of the ring s Made yp o the Posterjor arch
and ¢ Posterjor tuberep, €omparapye With
the Jap, € and the Spinoys Process, Con-
fecting these arches gpa the tw, “lateray
Masses, » , term Which Tefers 1o the ©0mposite
of the SUperjor nd the inferjor articulyy
SUrfaces of the 5 Cular Colmp ang the trgpg.
C1se pro, SSeS with their relanvely large
ansverg, Taming The arches of C i
are pegt o t €1a] views (Fig. 4),
While the are seep best jp the
anteropg, Fig. o ). A Pecial
anteropogye, 10r yiey, st Suiteq this jg
the OPen-moygy, > Which t showy
here Per se by, Mparaple With thay &
Figure 2
This viey, Is also particu]arly helpgyy ;
demonstrating e Mportang relationship
betweey the Iate, 1 Masses of Ci ith thoge
of C g hich Aticulage on wige Orizonta;
Surfac More speciﬁcally the inferjo, articy.
lar facey of Cp Matches ey, 1y the SUperjor
articylyy facet of c hen there Toty,
Subluxay; nof C * OF whep there
a bursting fracture of ¢ 1, this reIationsbip
is distorted.
€ axis, i COntragy With L dogg
have , bady that pae 2 peculiy, shap,
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Anterior arch and tubercle, C.1

3
il

Odontold process

Posterior arch and tubercle, C-1
{not seen]
Foramen transversarium, C-1

Lateral mass, C-2
B
Transverse process, C-3

Articular column, C-4

Pedicle, C-5 [not seen}

. lateral intervertebral join,

C.5 with C-6
" Spinous process {not seen), C-6

+ Lomina {not seen), C-7

Fies, 1 and 2. Anteroposterior projection cervical vertebrae

because of the clublike odontoid process
that articulates with the anterior arch of the
atlas. The open-mouth anteroposterior is
also best for demonstrating the odontoid
process. The lateral masses of C 2 are more
elaborate. For the best radiograph’ * .-
pretation, these have been .,

trarily into two parts: an .

made up of alarge superior "

and transverse process, and a ;

tion, which 1s the inferior

(Figs. 3 & 4). The superior 5.+

is shifted forward on its inferior partner,
similar to a lumbar vertebra. For this reason,
the existence of a pars interarticularis can
be assumed for C 2. In all the other cervical
vertebrae, the superior articular process lies
directly over the * * “ar articular process,

thus forming Tar column.” Al-
though a pars £ % for € 2 s mot
described any a better description
for referring in this area than
the phrase ty used “a fracture
T 0 othe” C2” For: -



Antesior arch and tubercle, C-1

Qdontoid process
Posterior arch and tubercle, C-1

Foromen transversorivm, C.1

toterol mass, C-2

Transverse process, .3

Asticvlar column, C-4

Pedicle, C-5

Loterat intesvertebral joint,
C-5 with C-6

Spinous process, C-6

Laming, C-7

FIGURE 2
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: Anterior tubercle and arch, C-1

Odontoid process (not seen)

-2

‘, Foramen

. Posterior arch, C.1

Pars interarti is, C-2

Posterior tubercle, C-1

Anterior portion
> lateral moss, C-2

Posterior portion

Transverse process, C-3

€

p articular process, C-4

Apophysial joint, C-3 with C-4

- Inferior process, C-4

f
Pedicle, C-5

' Lateral intervertebral joint,

between C-5 and C-6

. Spinous process, C-6

. lamina, C-7

FiGs. 3 and 4. Lateral view cervical vertebrae.

tical purposes, a pars interarticularis is
specific for C 2.

There is one other important characteris-
tic of the axis that deserves emphasis. The
transverse process of C 2 with its transverse
foramen joins the two ends of its correspond-
ing pedicle at an angle of 45°. The foramen,
in turn, 1s tilted so that its oval contour is
obvious on the lateral view (Fig. 3). Fig-

ure 13 is a reproduction of the cervical spine
of a patient who sustained a fracture _sub—
luxation through the pars interarticularis of
C 2 at the level of the transverse foramen.
This roentgenogram was fread by an expe-
rienced radiologist as a “fracture through 2
cyst of C 2.” The cyst is the transverse fora-
men of C 2, which appears as an ovoid radio
lucency on roentgenograms. It does not



—_ Anterior tubercle and arch, C-1

Odontoid process

Pars interarticularis, C-2
Posterior arch, C-1

Posterior tubercle, C.1
Anterior portion

) . > lateral mass, C-2
Posterior portion

Transverse process, C-3

Superior articular process, C-4
Apophysial joint, C-3 with C-4

Inferior articular process, C-4
Pedicle, C-5
lateral intervertebral joint between C-5 and C-6

Spinous process, C-6

Laminag, C-7

FIGURE 4
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Aaterior arch and tubercle, .1

- Odontoid process

Posterior arch and tubercle, C-1

Lotesol mass, G2

Transverse process, C-3
T

Articular column, C-4

Intervertebral foramen,
between C-4 and C-5
Pedicle, C-5

Lateral intervertebral joint,

C-5 with C-&
$pinous process, C-6

: Lamina {not seen), C-7

Fics. 5 and 6. Left posteroanterior oblique cervical vertebrae,

always show up on lateral roentgenograms
unfess C 2 itself 1s set perpendicular to the
x-ray cong. Such a condition would happen
by chance. Usually the rays are centered
over the mid section of the patient’s neck,
causing enough distortion to have the fora-
men obliterated by the tip of the transverse
process. In the other vertebrae, this foramen
is not seen because the transverse processes
are angled to a lesser degree, and the bony
ring around the foramen is not so massive
as to give such a distinct outline as in C 2.

The transverse processes of C 310 C 7 ar¢
gutterlike structures that protrude forward
enough to be superimposed on the bodies
of the vertebrae in the lateral roentgenogram
(Figs. 3 & 4). When the roentgenograas
arc of excellent quality, there is enough
definition to identify them as transvers®
processes. However, when there Is less
detail on the roentgenogram, they appear s
relative cystlike defects in the bodxef-
They may be misinterpreted as SchmOfls
nodes or as cysts secondary o degenerative



Anterior arch and tubercle, C-1

Odontoid process
Posterior arch and tubercle, C-1

Lateral mass, C-2

Transverse process, C-3

Articvlar column, C-4
Intervertebral foramen, between C-4 and C-5

Pedicle, C-5
lotera) intervestebral joint, C-5 with C-6

Spinous process, C-6

Llaming, C-7

FIGURE 6
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Transverse process, L-1

Spinous process, L-1

=——~————=~ Pedicle [not seen), -2

Superior arlicular process, 1-3

Pors interarticularis, 1-3

inferior arlicularis process, 1-3

Lamina, 1-4

——— leftand right pats interarticulares,

-5

i. e

VR % PRI PN

: ; Sl AN
&’; S

Fios. 7 and 8. Anteroposterior projection lumbar vertebrae.

changes in the cervical column. The trans-
verse processes appear as relative defects
on roentgenograms along a vertical row in
the posterior portion of the bodies (Fig. 13).

And, finally, common to both C I and c2
is the absence of distinet pedicles, and be-
tween them there is neither an intervertebral
disk nor an intervertebral foramen.

The remaining lateral portions can be
isolated radiographically into conventional
anatomic divisions. These are pedicles; the
articular columns with their superior and
inferior processes; and the apophysial joints.
The pedicles are seen best on the oblique

roentgenogram  (Fig. 6); the tmx}sve.rse
processes, on the antemposterior pmjecuon
(Fig. 2); and the articular columns, a5 »f'eﬂ
as the apophysial joints, on the Jateral view
(Fig. 4). The remaining steuctures com-
pleting the cervical vertebra—bodies, Jamina,
spinous processes—are projected best on the
Jateral roentgenogram (Fig. 4).
Luschka’s joints are situated at the Pos
serolateral borders of the vertebral bodxcs].
The uncus projects upward from the laterd
border of the Tower body, articulates wm;
the slight concavity of the Jateral facet od
the inferior border of the upper body an






256

X-ray Projections of Anatomic Structures

P
LR Y
.
7 {’ -~
.:a OO ‘4‘),‘.‘

T
—— "0 J

T process, L-1

Spinous process, L1

,':;D =~~~ Pedicle [not seen), 1-2

Superior articular process, 1.3

Pars i laris, L-3
Inferior laris process, L-3
1 lomina, -4

!

Left and right pars inferarticulares,

Fics. 7 and . Anteroposterior projection lumbar vertebrae.

changes in the cervical column. The trans-
verse processes appear as relative defeets
on roentgenograms atong a vertical row in
the posterior portion of the bodies (Fig. 13).

And, finally, common to both C 1 and C2
is the absence of distinet pedicles, and be-
tween them there is neither an intervertebral
disk nor an intervertebral foramen.

The remaining Jateral portions can be
isolated radiographically into conventional
anatomic divisions, These are pedicles; the
articular columns with their superiot and
inferiar processess and the apophysial joints.
he pedicles are seen best on the obligue

roentgenogram (Fig. 6); the transverse
processes, on the anteroposterior projection
(Fig. 2); and the articular columns, as ‘yell
as the apophysial joints, on the lateral view
(Fig. 4). The remaining structures coms
pleting the cervical vertebra—bodies, lamina,
spinous processes—are projected best on the
lateral roentgenogram (Fig. 4).

Luschka’s joints are situated at the pos-
terolateral borders of the vertebral bodies.
The uncus projects upward from the lateral
border of the lower body, articulates with
the shght concavity of the Jateral facet of
the inferior border of the upper body and



Transverse process, (-1

Spinous process, L-}

Pedicle, L-2

Superior articular process, 1-3

Pars interarticvlaris, L-3

nferior articular process, £-3

Laming, 1-4

Pars interarticularis, t-5

FIGURE §
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Fracture-subluxation ot pars of C.2

Foramen transversariom of C-2

Transverse process of C-3

Transverse process of C-4

Transverse process of C-5

cyst in body of C-5

Transverse process of C-6

Fic. 13. Fracture through pars cf C-2 with subluxation of the body.

although they do show up faintly on the
anteropostetior view. The transverse proc-
esses can be demonstrated equally on the
oblique and the anteroposterior views (Figs.
12 & 8). The bodies of the vertebrae are
seen in all views, the best being the lateral
projections. The apophysial joints are out-
lined best on the oblique plates (Fig. 12).
Although the pars mterarticulares are seen
on both the anteroposterior and the lateral
views, they are visualized better on the
ablique projections (Fig. 12). At L 5 wires
are tied around each pars interarticularis
simulating a typreal defect, as in spondylo-
Iysis. Although this defect can be seen in

all views, it is best outlined on the obhque
roentgenogram (Fig. 12). The articular col-
umn is made up of the superior and the
inferior articular processes plus the inter-
vening pars interarticularis (Figs. 11 & 12).

When all the components of each Jumbar
vertebra are visualized on the obhque
roentgenogram, they assume a shape similar
to the profile of a “Scothie dog.” This is a
convenient aid, since parts of the “Scottie
dog” conform closely to the vertebral
anatomy in the following manner (Figs. 11
& 12): (a) nose—transverse process; (b}
eye—pedicle; (c¢) ear—superior articular
process, (d) fronmt paw-—inferior articular
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process; (c) chest—lamina; (f) rear trunk
and hind paw—spinous process; (g) ncck
with collar—pars interarticularis.

SUMMARY

Because of the difficulty in defining nor-
mal anatomic components of the vertebral
column as they are projected on the roent-
genogram, an attempt was made to elucidate
thesc relationships specifically in the cervical
and the lumbar vertebrac. Lead paint was
found to produce the most satisfactory out-
lines on roentgenograms, Illustrations of
both the painted skeleton and the corre-

sponding roentgenogram arc shown in the
standard anteroposterior, oblique and lateral
positions, The details of the anatomy pecul-
far to the atlas and the axis are discussed,
with special emphasis on the lateral masses
and the transverse foramen of the axis. The
general architecture of the cervical vertebra
is outlined. The lumbar vertebrae are less
complex and can easily be broken down by
visualizing the side of a Scottic dog on
the oblique roentgenogram. A thorough
understanding of the vertebral anatomy will
lead to detailed interpretation of standard
roentgenograms,

Le Structuras Anatomic del Vertebras Cervical e
Lumbar ¢ lor Projection in Roentgenogrammas

Summario in Interlingua

A causa del difficultate de definir normal
componentes anatomic del columna dorsal
como illos es projicite in le roentgeno-
gramma, le effortio esseva interprendite de
elucidar iste relationes specificamente in le
vertebras cervical e lumbar. Colorante a
plumbo se provava le plus satisfactori como
medio pro marcar le contornos in le radio-
grammas. Illustrationes del marcate skeleto
¢ le correspondente roentgenogrammas es
Presentate in le positiones standard antero-
Posterior, oblique e lateral. Le detalios del

anatomia peculiar al atlante e al axe es
discutite con attention special prestate al
massas lateral e al foramine transverse del
axe, Le architectura general del vertebra
cervical es delineate. Le vertebra lumbar
es minus complexe ¢ pote esser particulari-
sate per visualisar in le radiogramma
oblique le profilo lateral de un terrier scote.
Le precise comprension del anatomia verte-
bral resulta in le detaliate interpretation de
radiogrammas standard,
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Fracture-subluxation at pars of C-2

Foramen transversarivm of C-2

Transverse process of C-3

Transverse process of C-4

Tronsverse process of C-5

D ive cyst in body of C.5

U

process of C-6

Fi6. 13, Fracture through pars of C-2 with subluxation of the body.

although they do show up faintly on the
anteroposterior view. The transverse proc-
esses can be demonstrated equally on the
oblique and the anteroposterior views (Figs
12 & 8). The bodies of the vertebrae are
seen in all views, the best being the lateral
projections. The apophysial joints are out-
lned best on the oblique plates (Fig. 12).
Although the pars interarticulares are seen
on both the anteropostertor and the lateral
views, they are visualized better on the
oblique projections (Fig. 12). At L 5 wires
we tied around each pars mterarticularis
simulating a typical defect, as in spondylo-
ysis. Although this defect can be seen in

all views, it is best outhned on the oblique
roentgenogram (Fig. 12). The articular col~
umn is made up of the superor and the
inferior articular processes plus the inter-
vening pars interarticularis (Figs, 11 & 12). !
When all the components of each lumbar
vertebra are visualized on the oblique
roentgenogram, they assume a shape similar
to the profile of a “Scottie dog ™ This is a
convenient aid, smce parts of the “Scottie
dog” conform closely to the vertebral
anatonty in the following manner (Figs. 11
& 12)- (a) nose—transverse process; (b}
eye—pedicle; (¢) ear—superior articular
process; (d) front paw—inferior articular
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process; (¢) chest—lamina; () rear trunk
and hind paw—spinous process; (g) neck
with collar—pars interarticularis,

SUMMARY

Becausc of the difliculty in dcfining nor-
mal anatomic components of the vertebral
column as they arc projected on the roent-
genogram, an attempt was made to elucidate
these relationships specifically in the cervical
and the lumbar vertcbrac, Lead paint was
found to produce the most satisfactory out-
lines on roentgenograms. Hlustrations of
both the painted skeleton and the corre-

sponding roentgenogram arc shown in the
standard anteroposterior, oblique and lateral
positions. The details of the anatomy pecul-
iar 1o the atlas and the axis are discussed,
with special emphasis on the lateral masses
and the transverse foramen of the axis. The
general architecture of the cervical vertebra
is outlined. The Iumbar vertebrae are less
complex and can casily be broken down by
visualizing the side of a Scottie dog on
the oblique roentgenogram. A thorough
understanding of the vertebral anatomy will
lead to detailed interpretation of standard
roentgenograms.

Le Structuras Anatomic del Vertebras Cervical e
Lumbar e lor Projection in Roentgenogrammas

Summario in Interlingua

A causa del difficultate de definir normal
componentes anatomic del columna dorsal
como illos es projicite in le roentgeno-
gramma, le effortio esseva interprendite de
elucidar iste relationes specificamente in le
vertebras cervical e lumbar. Colorante a
plumbo se provava le plus satisfactori como
medio pro marcar le contornos in Ie radio-
grammas. Illustrationes del marcate skeleto
¢ le correspondente roentgenogrammas es
presentate in le positiones standard antero-
posterior, oblique ¢ lateral. Le detalios del

anatomia peculiar al atlante e al axe es
discutite con attention special prestate al
massas lateral e al foramine transverse del
axe. Le architectura general del vertebra
cervical es delineate. Le vertebra lumbar
es minus complexe e pote esser particulari-
sate per visualisar in le radiogramma
oblique le profilo lateral de un terrier scote.
Le precise comprension del anatomia verte-
bral resulta in le detaliate interpretation de
radiogrammas standard.
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Epiphysial Fractures of the Head of the
Radius in Children

EARL D. McBripg, M.D.
and
J. CHARLES MONNET, M.D.*

Not infrequently the treatment of fractures
in children calls for compromise in the pres-
ence of angulation or incomplete reduction.
Failure to secure accurate alignment or
reduction may arouse skepticism on the part
of the parents. A decision to shoulder the
responsibility demands full confidence in
what regenerative processes will do toward

* Oklahoma City, Okla.

Fic 1. P.H., age 6. Closed reduction;
10-year follow-up

architectural restoration in the growing
bones of children. To assure the apprehen-
sive parents that future growth will take care
of obvious misalignment is not a simple task.
Often the surgeon is pressed into open sur-
gery against his better judgment.

Fractures about the elbow in children
require the utmost caution in treatment.
Undue surgical trauma may leave undesir-
able end-results. The head of the radius in
its relation to the capitellum does not carry
as much mechanical importance to flexion
and extension as do the condyles and the
ulna, but it is extremely important in respect
to pronation and supination. The usual
fracture of the radial head in children is
within the osseous-tendinous orbicular liga-
ment. The fracture line may appear to be
through the epiphysis, but actually it is a
compression of the hard epiphysial head into
the soft subepiphysial expansion of the nar-
row neck that supports the circular disk
above; thus, an impaction or greenstick type
of fracture is to be dealt with. Complete
avulsion of the head may occur, but a true
slipped epiphysis is extremely rare.

Generally, it is conceded that removal of
the head of the radius in children is inadvis-
able; however, full confidence in the regen-
eration of the unreduced epiphysial head is
not so well established. Watson-Jones? says,
“If the head is tilted, forming an angulation
for articulation of the capitellum, regenera-

264
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tive powers of growing bone arc not cqual
to correction, and traumatism of the joint
will permanently limit extension.”” Golden-
berg® states, “When reduction bas been
incomplete, there is some residual limitation
of motion,” as demonstrated in onc of his
cases. Jeflery' says, “When manipulative
reduction is not then complete in very young
children spontancous correction of deformity
may be cxpected, provided that the angula-
tion does not excced 20°.” Gaston et al?
state, “With tilt of 20° or more, result is
excellent function following successful reduc-
tion, Reduction is obligatory in thesc cases.”
Blount! is more optimistic, in that he says,
“With angulation less than 45° the end-
result will be surprisingly good. Frequently
some limitation of supination, but patients
are rarely aware of this. . . . After 3 weeks
gross deformity is preferable to open reduc-
tion.”

A review of the files of the McBride Clinic
over a 15-year period revealed the psycho-
logical aspect of the surgeon-patient experi-
ence in the subepiphysial fractures of the
radial head in children. In a number of
instances, advice toward conservatism
caused the parents to take the child else-
where for treatment, and no follow-up could
be obtained. Other cases had come through
dissatisfaction with a previous surgeon who
had not attempted reduction or had advised
conservative treatment in the face of obvious

Fic 3. P.AR., age
11

tion; 10-year follow-up.

e
-

FiG. 2. R.C, age 7. Closed reduc-
tion; 5-year follow-up.

deformity. The primary object of investi-
gating the results in these patients was to
find some who had grown to adulthood and
to determine the final extent of architectural
restoration. The effort to secure follow-up
results in children who had reached maturity
met mostly with defeat, because of changes
in name and other factors that made it
impossible to find the patient or, if he was

Early open reduc-
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Fic. 4. T.C.,age 7. No reduction; 15-year
follow-up.

found, to get a roentgenogram or a reliable
report on the end-result. In the few cases
that could be traced it was gratifying to find
uniformly normal, or almost normal, restora-
tion in the radial head, even though the last
roentgenogram on dismissal from treatment

showed considerable angulation. The end-
results in open reductions with simple fixa-
tion indicated no better results than closed
reduction or in those in whom there was no
attempt at reduction.

Twenty-nine cases going back to 1943
were reviewed. The age limit selected was
12, and the great majority were under 10
years. Eight of the 29 cases were not in-
cluded because there was little or no
deformity on dismissal at 3 to 5 months
after reduction. Only 12 with marked de-
formity on dismissal (Tables 1 & 2) could
be traced who had grown to maturity. The
records of 9 of these were early closed or
open reduction with no follow-up beyond
12 weeks. In the clinical examination and
roentgenograms of the present investigation,
these 9 cases of closed reduction that had
reached epiphysial closure revealed normal.
or almost normal, anatomic restoration and
function. In these cases the angulation of
the radial head on dismissal had ranged

TaBLE 1, NINE CASES OF EARLY CLOSED OR CONSERVATIVE OPEN REDUCTIONS

INJURY & TREATMENT AND LasT CLm.
Caske |AGE| 1T TREAT- DecreEs RESIDUAL DEFORMITY ROENT-  RESULT
ANGULATION Fixa-
MENT CLosep QPEN GENOGRAM LIM. MoT.
TION
3
PH | 6| 7/14/48 60° lat. 30° 0 1:“/1)00;2 0
RC | 7| 10/31/53 15" Iat, 150 o | wsoiss
comm, =5yrs.
. 1/23/59
PAR |11 | 12/18/47 35° lat. 0 0 s yIs. 0
30° lat. Not 119759 0
e 7| 9/1r4a 30¢%5 displaced (reduced o =15y,
70° ant o 1/31/59
Fp |10 | 10/8/46 & lat. disjo- 20 0 =13 yrs. 0
cation, elbow /55
80° lat 20° 0 1/20/5 0
9
DS |10 /17/52 & posterior =Ty,
X K | 10719759 o
cB | 9| 2118/52 30° lat. o wire, | =7ym.
head 1 yrior59 g
McA| 8 [ 7/29/52 35° Iat 25° 0 =6yrs.
i o 12/6158
DP |11 | 6/24/55 10° lat. 10/ =3y




Flexjq,
6/ 14/53 E; 0 =~
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1/17/59
=5yrs,

8h center hy dia] b d. Roen,.
t  Kirsep, &enograp, n 7 10, o5, » Showeg
. that ¢ Angulat; Stil] Tesen, Also,
r};}er wfr . Placeq thr “nter of there o, dund:mt TOWth 4p, ut th,
the “Piphy, h‘ fix UL he necy.
tion With t i © final re It on Jop, ry 59, at 157
Years o 5 Was Severe g fo; ity of Tadija]
THREE CASES OF LATE OPEN l?ead; ex.tension, 160"; ﬂexion, 85 °s loss of
REDUCI‘ION Wity Poop RESULTS tion, 49,
Thre of the Tesulteq jp, deform,
1ty ang Partia} k;
the re ultin

Fp, age 1¢, Closeq reduction;
1 3-year foIIow-up.
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Case 2, Age 6 years. Injury sustained May 20,
1944. The patient was treated elsewhere until
admission to the hospital on June 8, 1944, Lat-
eral angulation was 30°; flexion, 50°; extension,
160°. Open reduction, osteotomy, was carried
out on June 13, 1944,

Final examination on January 18, 1958, at
21 years of age, revealed no rotation because of
radio-ulnar synostosis; extension, 180°; flexion,
40°

Fig. 7. CB, age 9. Open reduction;
7-year follow-up.

Fia. 6. D.S., age 10.
Closed reduction; 7.
year follow-up,

Casc 3. Age 9. Injury sustained on November
15, 1943. The patient was treated elsewhere until

dmission to the I 1 on D ber 21, 1943.
There had been a dislocation of the elbow with
fracture of the head of the radius. Also, there
was fracture of the lower end of the radius near
the lower epiphysis. Deformity of the head of
the radius was 70 per cent displacement with 15°
lateral angulation. Open reduction, osteotomy,
was performed on December 21, 1943. The
radis was reduced with good alignment and
fixed with chromic suture, Considerable deform-
ity and limited motion existed until June 15,
1945, when the head of the radius was excised.

Final examination on June 23, 1953, dis-
closed that there was no rotation but that exten-
sion was limted to 170° and flexion to 50°.

Closed reduction under general anesthesia
should be attempted in most cases, Preced-
ing the anesthetic the parents should be
fully informed of the peculiarities contingent
upon the treatment of this fracture. The ma-
nipulations of closed reduction have been
well described by Blount,® Jeffery, Patter-
son,® Goldenberg,® Watson-Jones? and others.
However, often the fracture is of the green-
stick type, or it is impacted to the extent
that no amount of direct pressure or manip-
ulative maneuver is effective enough fully to
correct the angulation, Usually the head of
the radius is displaced forward and outward.
Full extension and supination will present
the opportunity to press the thumb against
the radi while the forearm is forced
inwar counter force applied to the



at a right the forenrp, in fu
supination and fixed by anterigr and poste.
rior plaster splings, Passive motion js begun
at 3 weeks, and the splints are Temoved a¢
4 wecks,

Open reduction of this particyiae fracture
Is fraught with Possibility of further cpi-
Physial damage, Ng matter oy gentle the
Surgeon tries 1, be, usuapyy there is more
Surgica] traumy than expected, ang this g
especially gy, if interng) fixation 5 at-
lempteq, Y opening the orbicular Capsule
in fresy {rac:urcs, the tilteq fragmeny may

© pressed over into a!ignmcm, but, if i 5
mfated apg firmly impacted, Will require
Considerabe )cveragc and then oy stay in

is
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fixation the Smplest measypes of

the skip {0 remove it withig 10 days, No
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Frg 9, Py age 1 Closed re.
ducuon; 3-year fo]lo\v-up.

alone ap, 0 remgye the
Maturity jf ; is
ability i that 1

Fig. 8. McaA,, age 9,
6-year follow-up.

Closed reduction,
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FiG. 10. JP., age 10 Late osteotomy
reduction; 14.year follow-up with synos-
toss of radius and ulna.

CONCLUSION

The end-results at epiphysial maturity are
presented on 12 cases out of a total of 29
fractures of the head of the radius in chil-
dren under 12 years of age. The 9 cases of
closed reduction or cautious open reduction
indicate that when angulation is not fully
corrected, the surgeon can very well depend

on the regenerative processes of the epi-
physial radial head in children under 12 to
restore normal, or almost normal, architec-
tural design by the time that maturity is
reached.

More extensive surgery of open reduction
as required in late reduction or osteotomy,
and when there is involvement of other por-
tions of the elbow, is likely to result in severe
permanent deformity of the radial head and
regrettable ankylosis.
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Local Ischemic Necrosis of the Leg*

IvAR J. LARSEN, M.D.,} Ep

WARD W, BooNg, M.D.,}

ErLiot L. CoLES, M.D.,} and W. HaroLb CIvIN, M.D.}

In 1872 Volkmann described a case of
ischemic necrosis of the leg following appli-
cation of a splint with a circular bandage.
During the next 75 years ischemic necrosis of
muscle has been a popular subject, but inter-
est orthopacdically has been centered in the
lesion in the forearm associated with Volk-
mann’s name. During World War 11, atten-
tion became focused on the anterior crural
compartment with reports of the develop-
ment of ischemic necrosis from extended
marching and without trauma. The impor-
tance of the closed compartment and ter-
munal arterial blood supply to this part of
the leg has been stressed. However, the
frequency of occurrence of ischemic necrosis
as a complication of everyday orthopaedic
procedures has not been conspicuous in
orthopaedic literature, and it is to emphasize
further the danger zone of the proximal
tibial area that the following three cases are
being reported.

Case 1. J. K., a 55-year-old Hawailan
male, was injured on February 20, 1957,
when he fell a distance of about 4 feet and
landed on his extended left leg, He sus-
tained a compression fracture of the lateral
table of the left tibia with moderate depres-
sion, He had no other significant injuries
from the fall.

* Presented at the Western Orthopedic Assocra-
tion meeting held 1n Portland, Oregon, October,
1958,

+ Honolulu.

3 Milwaukee, Wis.

2n

Past HisTory. In 1943, urinalysis at the
time of hemorrhoidectomy showed a trace
of albumin and RBC 60 to 70 per HPF.
His blood pressure was 120/80. There was
no other contributory history.

HospitaL Course. On admission to the
hospital, the patient showed moderate ec-
chymotic swelling around the left knee and
the proximal lateral tibial area, The dor-
salis pedis and the posterior tibial pulsations
were present; no neurologic deficit was
noted. General examination was noncon-
tributory. His blood pressure on admission
was 145/90. Urine on admission showed
albumin 2+, RBC 8 to 10 per HPF, and
occasional hyaline and granular casts. The
knee was ice capped for 24 hours, and, on
February 21, 1957, about 18 houss after
the injury, under spinal anesthesia, after
removing 90 cc. of blood from his knee, 2
manipulative reduction was done by force-
fully adducting the tibia with lateral counter-
traction on the medial femoral condyle by
a cloth sling. A favorable reduction was
accomphshed, and a long leg cast was
applied with the traction forces held during
application of the cast. With spinal anes-
thesia, the patient's blood pressure fell to
90/60 and fiuctuated between 90 and 100/
45 and 90 for the next 4 hours. Seven hours
after operation the pressure was 170/110
and varied from 160 to 180/90 to 100 for
the mext 48 hours, thereafter remaining
around 140790 until discharge.
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Fie. 1, Case 1. (Top, left) Arca of fibrous
replacement of striated muscle with chronic
inflammatory cell infiltration of the intermus-
cular septa.  Hematoxylin and eosin, (3¢120)
(Top, right) Another arca showing septal in-
flammation and muscle necrosis with Joss of
nuclei. Hematoxylin and eosin, ()¢120) (Dot-
tom) Higher power of an arca from illustration
at 1op, right, showing infiltration to be com-
posed of acute inflammatory cells. Hematoxylin
and eosin, (265)

Postoperatively the patient complained of
the usual amount of discomfort around the
knee. Toe circulation remained good, and
To numbness was complained of. The Jong
l?g cast obscured detailed sensory examina-
tion or palpation of the arterial pulses, but
caplllary pulse remained good, and no undue
swelling developed.

On the third postoperative day, the patient
had slight chills and developed a spiking
temperature ranging from 99.6° to 102.2°
for the next few days. Concurrent with this
fever his hematuria became gross with an
albumin of 4+ and numerous casts. This
cleared gradually on a medical regimen,
and, on March 7, his fourteenth postopera-
tive day, his urine was clear, his blood pres-
sure was 140/80, and his temperature was
mormal and remained so until his discharge
—ambulatory on crutches on the sixteenth
ll;:isxtloperative day without significant leg

On April 5, 7 weeks after the injury, the

cast was removed, and a long leg brace was
applied. It was noted at this time that there
was a complete peroneal nerve palsy. Gen-
erally, the leg was firm and indurated over
the anterior tibial compartment, and no
atrophy of the muscles could be appreciated.
The circulation to the foot appeared to be
adequate, but dorsalis pedis and posterior
tibial artery pulsations were not recorded
specifically.

He was started on physical therapy with
electrical stimulation to the muscles, and
during the next 6 weeks he showed fairly
good return of the superficial nerve sensation
but no significant motor return, (Neuro-
surgical consultant advised continued physi-
cal therapy ) However, without further
functional or sensory return, on July 16 (5
months after the injury) an exploration of the
peroneal nerve and muscles of the anterior
compartment was done. The muscles were
found to be grossly degenerated with con-
siderable fibrous and fatty infiltrations into



274 Local Ischemic Necrosis of the Leg

SAeT

7

k4 a -~
(P

S '\“55’(%::*‘ ) ﬁ

» DT Qi A 3_4;;,’
OIS ﬁ@“ (S
- r..)\}\ A Y

v ;:ﬂ (;vcn/?

o]fz S ﬂ‘}‘_
R, \:‘A'(,
> b

'«—ﬂ‘
Lo

w-,
AN L.
Pyiae iy

y
e o

G P N W

b Y SRS
LS ‘s 'km)‘"/ = .‘1 Lo
PN WP -3t vy [l

FiG. 2. Case 2. (Lefr) Bundles of necrotic, partly hyalinized muscle with loss of nuclei.
Hematoxylin and eosin. (120) (Right) Higher power of anuclear necrotic muscle

bundles. Hematoxylin and eosin. (3265}

the necrotic muscle mass (Fig. 1). The
extensor hallucis and the tibialis anticus
were the most severely involved, the pero-
neals and the toe extensors slightly less. The
nerve appeared to be normal except for
focal areas, where fibrotic constriction was
evident. There was minimal nerve response
i the proximal portion of the muscles to
galvanic stimulation, Sections of muscle
were taken for microscopic examination.
These showed the typical changes of
ischemic necrosis of muscle. (See Fig. 1.)
In spite of the neurolysis, there was no
further clinical evidence of muscle return;
consequently, on February 21, 1958, 1 year
after the jury, a posterior tibial transplant
through the interosseous membrane to the
dorsum of the foot was done, and at the
same time the muscles were re-explored and
sections taken (See Fig. 1.) No evi-
dence of regeneration was noted.

Case 2. T. M., a 35-year-old Japanese
panter. This man was admitted to the hos-
pital following 2 fall from the roof of a
quonset hut in which he sustained a com-
minuted, displaced fracture of the left os
calcis

PasT History This was completely non-
contributory, as was his systemic review, his

health having been excellent except for the
usual childhood diseases and meningitis.

HospitaL Course. The foot was ele-
vated, compressed and ice packed for 48
hours, and on the third hospital day he was
taken to surgery, where, under spinal anes-
thesia, two Steinmann pins were inserted
into the distal portion of the tibial crest
and a third pin into the os calcis. A reduc-
tion of the os calcis was performed by
manipulative technic with strong traction
applied to the pins. A cast was applied with
the traction maintained, the pins being incor-
porated within the cast.

Within 4 hours after spinal anesthesia the
patient had complete sensory return as well
as movement of the toes, and, aside from
the usual amount of pain, the circulation
and the general appearance of the foot were-
satisfactory. Twenty-four hours after sur-
gery, the patient complained of sharp pain
in the left leg, indicating the pretibial area
as the source, and also of “needies in the
toes of the left foot.” The toes were warm,
the motion was good, and capillary pulsa-
tions were quite satisfactory, but the cast
prevented palpation of the dorsalis pedis
and the posterior tibial vessels. The sensa-
tions of pain and paresthesia in the leg con-
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subcutancous tissues, aponeurosis and mus-
cles over the anterior compartment of the
leg, extending down to the interosscous mem-
brane and expasing the tibia and the fibula
(Fig. 6}, On June 6, 35 days postoperatively,
débridement of necrotic skin and muscle
was done. Clinically, at this time the mus-
cles of the anterior compartment appeared
to be in various stages of necrosis and fibro-
sis, with colors from green and yellow to
pale white. No normal muscle was evident
(Fig. 7). A third débridement was done a
week later, and on June 20 a split-skin graft
was applied to the open wound after several

days of preparation with wet dressings.
There was about 50 per cent take of the skin
graft. Satisfactory healing of the wound
finally occurred (Fig. 8), and the patient
was allowed to return to his home, on an-
other island, 159 days after his original
operation, However, the drainage soon re-
turned to the lower part of the wound (Fig.
9), and he was readmitted to hospital on
December 30, 1957, at which time further
débridement and removal of infected por-
tions of the fibula were done. Following this,
the wound healed gradually, and it has re-
mained closed to date. The osteotomies

Fas. 3 to 9, Case 3-
Fig. 3. Preoperative

photograpbs.
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fractures had restricted ankle motion and
that a third of these were a result of partial
or focal ischemic necrosis through the mus-
cles of the leg. That ischemic necrosis of
muscles of the anterior compartment can
develop without any trauma has been em-
phasized by numerous writers2®:31:24.37:28 Jt
is felt that the necrosis is probably a com-
bination of several factors. Anatomic con-
figuration of this compartment is such that
it is closed except for the distal portion
where the tendons exit. The anterior tibial
artery is vulnerable, as it enters through a
very small and fixed aperture at the top of
the interosseous membrane. Blood supply to

the muscles of the anterior compartment has
been worked out in detail, and it is quite
evident that, to a certain extent, the supply
is from “terminal” vessels,®6:2¢

The anterior tibral muscle is supplied almost
entirely by the anterior tibial artery through a
series of seg ! branches approximately 12
in number, which dwvide into ascending and
d ding divisions, g by a system
of arcades, The proximal third of the muscle is
supplied by a leash from the anterior tibial
recurrent artery. Intramuscular anastomoses are
so fine that therr functronal significance 1s open
to doubt, ., .

Extensor hallucis has a twofold supply: (1)
from the anterior tibial artery and (2) from the

e e e

Fia. 6. Three weeks after operation, after débridement of necrotic tissue
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FiG. 7.A(Tup, left) Arca of necrotic anuclear
muscle with infiltration of degencerated muscle
and intermuscular septum with acute inflamma-

tory cells, Hematoxylin and cosin. (X 120)
(Top, right) Another area showing degenerat-
Ing muscle with little inflammatory reaction but
with marked shrinking of sarcoplasm from the
sarcolemmal borders Hematoxylin and easin.
(X 120). (Bottom) Higher power of area from
Ulustration at top, right. Loss of nuclei and
disappearance of cross-striation are also seen.
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muscle from its perforating peroneal artery. partment was not closed, and it would
There are anastomoses throughout the length of appear that the injury was a direct ong to
the common extensor longus muscle . . f

the vessel itself. In this case the pins were
inserted parallel to each other and through
the cortices of the tibia, the osteotomy was
done between the pins and rotation was
carried out with the pins in place. It is
quite conceivable that a torsional effect
directly on the vessel could have been the
cause. The procedure was performed under
a tourniquet, and, of course, any local ische-

This may account to some extent for the
fact that the involvement is much more fre-
quent and complete in the tibialis anterior,
less so in the extensor hallucis, and eve
less frequently in the extensor longus. With
trauma to the proximal portion of the an-

terior compartment, whether the vessel
actually is damaged or not, the increased
pressure within the tight compartment, to- 4!

gether with a certain amount of arterial Mia at the time of surgery was obscured.
spasm, is obviously sufficient to cause at Diagnosis may be difficult when a long leg
least segmental spasm of the vessels and, cast obscures local findings. As the necrosis
if maintained for a long enough period of is a limited one, the circulation to the ex-
time, ischemic necrosis. In our case of the

posed portion of the foot is not impaired
osteotomy, the fascia of the anterior com- significantly. More careful attention to the
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Fic. 8, Almost 5 months after operation.
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Fic. 9. Almost 8 months after
operation.  Recurrent drainage
with osteomyelitis of the fibula.
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Symptomatology of acute pain in the ante-
ror tibial region or paresthesias or numb-
ness, or to evidence of systemic response of
varying degrees manifested by fever, leuko-
cytosis or urinary changes indicating lower
nephron nephrosis, should be watched for
3s an aid to recognizing the condition early.
It has been shown that frequently spinal
anesthesia will relieve the arterial spasm and
also decompression of the anterior chamber
by incising the fascia if indicated if diag-
nosis can be made early. In Cases 1 and 2,
had the condition been recognized m its
early stages, decompression of the compart-
ment by fascia] splitting could have mini-
tized the disability to a great extent. When
necrosis has not been too extensive, there
ate indications that muscle regeneration can

take place™%2* and considerable function
returned.

CONCLUSIONS

1. Ischemic necrosis of the muscles of
the anterior crural compartment is a fairly
frequent complication of trauma to the
proximal tibial area.

2 Three cases developing after routine
orthopaedic procedures are reported.

3. The proximal third of the tibia should
be regarded as a danger zone for vascular
damage, even with minimal or no trauma.

4. Systemic symptoms of fever, leukocy-
tosis and, sometimes, evidence of kidney
damage (lower nephron nephrosis) may be
the only clinical indications of the syndrome,
especially in children, and/or when the leg
is enclosed in a cast,
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5

. Early decompression of the anterior

compartment or direct attack on the artery
may be indicated for favorable recovery.
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Local Necrose Ischemic del Gamba

Sunmario in Interlingua

Le autores presenta tres casos de necrose  es melio cognoscite sub le des:gnzmon.de
contractura 1schemic de Volkmann, special-

ischemic del gamba que se disveloppava post
commun manovras orthopedic. Le condition

mente quando il se tracta del bracio. In le
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presente casos illo concerneva fe comparti-
mentos anterolateral del gamba, incluse e
sequente muscufos: anterotibial, extensor de
halluce longe, extensor dipital commun, ¢
peronce longe e breve,

In le tres casos Je condition resultava de
communmente empleate mesuras orthopedic;
i.e., fixation del tibia per clavo de Steinmann,
osteotomia rofational del tibia in patientes
pediatric, ¢ fractura del plateau tibial. Le

ctates reportate es ab duo a cinquanta-cingue
annos. Es signalate le frequentia det condi-
tion ¢ le difficultate de diagnosticar necrose
focal in paticntes immobilisate in un appa-
rate de gypso. Es notate e frequentia de
reportos in le litteratura de casos sin trasma
specific.  Es mentionate e corrclation del
constatationcs focal con manifestationes sys-
temic ¢ indicationes de varic grades de
nephrose inferonephronic.
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Multiple Joint Lesions in a Young Negro
Adult Exhibiting the Sickle-Cell Trait

DoNALD YEOMAN STEWART, M.D.*¥

The occurrence of osseous lesions in
patients exhibiting sickle celt ia, with or
withow crisis, has been well recognized in
O.Ithopncdic literature, The possibility that
similar types of bone lesions or that hercto-
{ore undocumented bone lesions might oceur
in the sichle cell trait has received much
less recognition. The simuitancous occur-
feace of bilateral subtalar arthritis, osteo-
chrondritis dissecans of the knee, the hup,
and the shoulder, and Marie-Strumpell-like
sacro-ihac lesions in a patient with the sickle
cell trait has stimulated this report,

Case Report. A 25-year-old single Negro
male veteran firsy experienced the onset of
Symptoms at the age of 19, when he awoke one
;(“0""“5 Wwith a painful swelling of the right
ngee unassociated with increased heat or red-
"ZS' His family history was unremarkable
co;p} for the fact that his grandmother had
andf;"mm of multiple nondeforming myalgia
simﬂa“hmgl& In the next 4 months he noted
1ft kpe Fs0des of migratory arthralgia n the
the le’f‘teesvhloheldnght ankle, the right elbow and
pounds, ulder. During this time he lost 30
- :j;ig;s hospitalized at the Portsmouth Naval
thnts s, where a diagnosis of rheumatoid ar-
chl’ysgth:: made. He received Aimramuscular
Jterapy, salicylates, physiotherapy and

* .
nnhc‘:v ramden while the author was a resident 1n
Bzdgg.e IS surgery on the service of Dr. Carl
Mich .ykaz the University Hospital of Ann Arbor,
Bﬂhaéa,:,lshm when he was semior resident
pital, Akro:,saliﬁz‘:y at the Akron General Hos-

thiamune for about 9 months, with mild
improvement.

Four years prior to the onset of his symp-
toms he had been treated with penicillin for
gonococcal urethntis,

About 2 years after the onset of his disease
he was hospitahzed at the Dearborn Veterans
Ad ratton Hosputal b of 6 months of
persistent pan and swelling of the right knee,
pain in the left shoulder, pain 1n both heels and
pamn in the right ankle. Physical examination
at that ume revealed marked swelling and
tenderness of the right ankle and knee. Labora-
tory studies revealed a normal complete blood
count, scrofogy, unne, febrile agglutinations,
electrocardiogram and chest roentgenogram.
Roentgenogram of the right knee at that time
disclosed a moderate-sized defect of the medral
femoral condyle and articular portion of the
patella. He was treated with further physio-
therapy and chrysotherapy, with moderate
unprovement.

He was admitted to the Ann Arbor Veterans
Haospital on November 2, 1956, complaming of
an exacerbation of pain 1n the left shoulder due
to an automobile accident, “rattling” in his
right knee of 5 years’ duration, pain and swell-
ing 1n the right foot and ankle, and briateral
heel pamn of 5 years’ duration. He denied back
pan, gluteal pain or sciatic radiation.

PrysicaL  EXAMINATION.  Blood pressure,
130/80 both arms Temperature, 98.6. Pulse,
80. Respirations, 16. A tall asthenic, lethargic,
passive colored male who did not seem in any
acute distress and was able to walk with very
lttle tmp and with a fairly normal gait. There
were no obvious abnormalities. No pallor,
icterus or cyanosis. The cardiovascular system
was negative except for what was interpreted as
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Fig. 1. Osteochondritis dissecans type
defect in femoral condyle, found in a 25-
year-old Negro male, who complained of
recurrent pain, “ratthing” and effusion of
the knees. Electrophoretic pattern re-
vealed classic “S-A™ hemoglobin pattern.

a functional murmur. Chest expansion was
normal. Shight pain and creprtus were present
over the left greater tuberosity of the humerus,
Severe pateliofemoral crepitus, without amy
Limitation of motion, redness or increased heat,
was present in both knees, unassociated with
any quadriceps atrophy. None of the muscles
exhibited any significant atrophy. The right
subtalar joints revealed tenderness, slight peri-
articular induration, pain on motion, with some
limitation of motion, His fingers were Jong and
thin, he was mildly hyperelastic, and his feet
were splayed, with slight pes planus. The spine
revealed normal dynamcs and contours, and
was without pain or tenderness.

LABORATORY STUDIES, Normal hemoglobin,
hematocrit, platelet, white blood count, urine,
blood urinary nitrogen, blood sugars, blood cal-
cium and phosphorus, alkaline phosphatase,
24-hour urwmary urobiltnogen, blood van den
Bergh, thymol turbidity and heterophil agglu-
tination. The antistreptolysin titre, uric acid,
C-reactive protem, sedimentation rates and
sheep cell agglutination tests for rheumatoid
arthntis were negative. Sickling preparation
revealed 95 per cent sickhng mn 24 hours, 80
per cent in 12 hours and ! per cent in 2 hours,
The hemoglobin paper electrophoretic pattern
revealed that about 20 per cent of the hemo-
globin was that of the sickle cell trait, and about
80 per cent was normal The erythrocyte fragil-
ity test showed 1ncreased resistance to hypotonic
sahine. The serum proteins were 8.2 Gm., globu-
hns 5.2 Gm

Fic. 2. Bilateral sacro-iltac sclerotic
changes suggestive of Maric-Striimpell-
like lesions found in a 25-year-old Negro
male with the proven sichle-cell trait but
without any back pain.

ROENTGENOGRAMS, Bulateral sclerosis, slight
cystic change and some loss of the joint space
were present in the sacro-iliac joints (Fig. 2).
Narrowing of the joint space, sclerosis and
hypertrophic spurring out of proportion to the
patient’s age were present in the right subtalar
joints (Fig. 3). Hypertrophic spurring and
bilateral erosive defects in the femoral condyles
and intercondylar notches were present jn both
knees (Fig. 1). Both hips showed very early
cortical irregularity and sclerotic changes near
the ligamentum teres insertion Both humeral
heads revealed irregular crosive defects over
the greater tuberosities (Fig. 4). Areas of per-
eosteal elevation were present in the distal tibias
and fibulas.

DISCUSSION

The diagnosis of theumatoid arthritis was
questioned because of the Jack of any con-
stitutional deterioration or toxicity, the lack
of any hand changes, the marked paucity f’f
muscular atrophy, contractures or ankylosis,
the benign mature of the subjective com-
plaints and disability, and the negative bat-
tery of chemical and serologic tests that
usually are accepted as positive in a large
preponderance of patients with rheumato:_d
asthritis. The diagnosis of sickle cell trait
arthritis was invoked (1) because of the
well-documented proof of the existence of
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FiG. 3. Unilateral subtalar hypertrophic
arthritic change in a 25-year-old colored
male who cxhibited the sichle-cell trait
and complained of recurrent pain and
chronic effusion of the ankle.

the sickle cell trait in this case by micro-
scopic fragility studies and paper clectro-
phoretic study; (2) becausc of the absence
of many features of rheumatoid arthritis (or
of any form of arthritis) that ordinarily arc
considered to be essential to subtantiate the
diagnosis; (3) because of the fact that simi-
lar osseous changes have been reported in
conjunction with the trait by other clini-
Clans;381039.3388 (43 because at last there is
ns)w available histologic,20.63.1.31.34 23 15,17,3,38
blochemical;’m.w,qz and genctic®*20.:27.49 tryths
that furnish the basis on which 1o formulate
2 hypothesis explaining this case in a plaus-
ible way.

) It has been the fusion of the newer genetic
dlscqverxgs with the modern biochemical and
l;:’):x‘l"](l’.gl.t.Concepts of sicklemia that has
HEedu; Inicians the unified concept that was
lmatio;l Tihe fact that the nature and the
relate w'oh t}ge 0sseous char:tges do not c:or-
o the It e}ther the severity of the crises
hypothe?efma creates a need for another
; 1s in z}ddmon to that of intramedul-

ary hematcponesm.

ba:i: :ﬁ’te."f ‘the reco.gnition of the genetic
g 1o T smklm'g and its inheritance accord-
beon 1Il'lendehan law,1%.62 clinicians have

SIoW 1o place the fundamental defect

e A

L -

Fia. 4. Irregular humeral tuberosity de-
fect in a 25-year-old Negro male without
any history of dislocation of the shoulder.
Exhibited proven sickle-cell trait. Rare
episodes of pain and limitation in the
shoulder.

in the intrinsic nature of the hemoglobin
within the erythrocyte rather than in the
mere shape of the erythrocyte or the pres-
ence or the absence of crisis or anemia.85343
By means of hemoglobin electrophoresis we
are now able to differentiate 2 number of pre-
viously unidentified forms of hemoglobin
that behave as simple mendelian dominants
and are allelomorphic with normal and
sickle cell hemoglobin.38:20.27.62
cal manifestations of patients with these
forms of hemoglobin have been found to
correlate well with the percentage of sickle
cell hemoglobin in the erythrocytes. Thus,
patients with the fully developed picture of
sickle cell anemia show electrophoretically
80 to 100 per cent abnormal hemoglobin,
while those with the trait would possess only
25 per cent abnormal hemoglobin.®® Every
case found to have a genetic variant of sickle
cell anemia has been discovered on clinical
examination alone, atypical for sickle cell
anemia.5® Therefore, the concept has evolved
that sickle cell disease actually includes any
disorder in which manifestations of the
disease are attributable to the presence of
“S” type hemoglobin, whether it is homozy-
gous (sickle cell anemia) or heterozygous
(sickle cell trait).
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The pathologic precipitation of sickle cells
is not associated with any change in the lifc

tion. Stasis with consequent stagnant anoxia
ensues. With the fragmentation of the sickle

expectancy of the cell but with ac lation
of a critical number of aging cells. There is
always a progressive rise in the number of
circulating sickle cells prior to an episode
of vascular blockade. The erythrocytes of the
patient with sicklemia exhibit an increased
tendency to sickle as they mature. Since the
sickle cell hemoglobin does not affect the
longevity of the erythrocyte, abnormal forms
increase progressively during quicscent peri-
ods until mechanical obstruction occurs.

The vascular blockade in bone probably
ensues in the following manner:

The maximum distortion of the sicklemic
erythrocyte occurs in the bone marrow
because anoxemia is greatest at this point,
and anoxemia enhances greatly any sickling
tendency.5? The sickle cells become birefrin-
gent when viewed through a polarizing
microscope, and this is associated with an
increased fragility to mechanical trauma.®®
This fragility, when combined with erythro-
stasis, which is greatest in the bone marrow,
has produced corpuscular hemolysis.?! The
erythrocyte then becomes as rigid and fixed
in its form as a block of ice as it moves and
abuts against fixed objects. The fact that sal-
monellosis has produced osseous changes in
patients with sicklemia is explained by the
knowledge that hyperthermia, leukocytosis
and infection all produce a greater competi-
tion for oxygen and, therefore, produce a
consequent anoxemia,?*11453 Thrombocy-
tosis, a decreased prothrombin level and an
increased fibrinogen content of the blood at
the time of, or just prior to, an episode of
sicklemic vascular blockade have been
observed.”® These facts suggest that an
altered coagulability of the blood is a further
trigger mechanism, such that the fibrin net-
work is altered, and the sickling process
teleases more free thrombin and thrombo-
plastin. This sickling renders the erythrocyte
less capable of passing through small capil-
laries and thus leads to mechanical obstruc-

cells, an i 1g concentration of coagul-
able factors accumulates, thus facilitating
thrombosis and infarction of bone.
Histologic studies have done much to sub-
stantiate the occurrence of thrombosis and
infarction within the skeleton in all the sickle
cell discase variants, Symptoms of cere:
bral?**% and renal® origin have been corre-
lated at autopsy with myriads of sickle
erythrocytes obstructing cerebral or renal
vessels in patients without anemia. Therefore,
on a priori grounds, one should anticipate
that infarctions of the skeleton might ensue
in a similar manner. When a Negro female
who died while experiencing severe back
pain was autopsied, sections of the vertebrae
revealed cellular components that were scat-
tered and surrounded by abundant formless
debris, marrow cells that could not be recog-
nized because of prenecrotic change, multi-
ple small hemorrhages between necrotic
depot fat cells, jron-staining material and
tangled masses of sickle erythrocytes®™
The skin and muscle biopsy taken from a
21-year-old Negro with pain and tenderness
in the knee, the thigh and the shoulder
exhibited capillaries and venules that were
crowded and distended by sickle erythrocytes
and a delicate fibrin meshwork.?® The very
shape of the sickle erythrocyte predestines it
to obstruction, Filiform erythrocytes in the
bone marrow may be 40 micra in length;
they may be enlarged at one end, giving
them a club shape; or they may actually sug-
gest masses of hemoglobin-containing tissue
that may have torn away from anoﬂ}er
limb of an erythrocyte.! A “focal necrosis”
has been described destroying soft tissue ar{d
injuring the bony trabeculae so that necrofic
marrow was replaced by loose granulation
tissue while bone repair was also in ev
dence.’” Extenswve fibrosis, plasma cells,
areas of chronic inflammatory reacrit?n,
extensive narrowing of the medullary cavity
of the femur and thickening of the corteX
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were deseribed in the hip of a young Negro
male with sicklemia who exhibited cystic
degeneration of one hip and died cventually
in a sichle cell crisiv.® Changes in the density
of the bone in necrosis may result from
atrophy of disuse, creeping replacement of
dead bone by new bone, collapse of dead
bone bordering joints, compression of dead
trabeculac, infiltration of bone sand into
marrow spaces, and calcification of the line
of demarcation in the interior of old station-
ary necrotic areas located in the medullary
and the cancellous regions.®™ Microphoto-
graphs of the capitlary blockades formed by
conglutinated sichle erythrocytes were dis-

played recently by Leong1®
The following changes have been noted in
patients displaying cither crisis or ancmin:
The medullary cavity may show peculiar
striations of the long bones;'™!” coarsening
of the trabecular pattern of the mandible and
the maxillary process;?® widening of the
medullary cavity;!* narrowing of the medul-
lary cavity, 33" grossly irregular and rough
new bone formation within the cavity!® and
complete obliteration of the cavity.3® The
cortices of the Jong and the short bones may
be thickened, show variations in density"*
and periosteal elevation,*13 The vertebrae
may show infarctive selerosis and subsequent
healing of 2 body.32 “Fish-mouth” biconcave
Vertebrae, 122432 diffuse sclerosis in the dor-
solumbar - spine,?s coilapse of the verte-
bragt2 ang shortening of all vertebral
dimensions'® have been described. The hips
mﬂ).’ show coxa malum semilis in a young
Patient, 37 aseptic necrosis of the head of the
:;:;:f“'“. and coxa plana 3 When the
b dss:}xlma and the sicklemia genes are com-
 the head of the femur may be severely
:;St:‘:"’:‘.ed and simulate Legg-Calvé-
destrucsf isease in the child.«® Radlf}lucent
weisan li:’:’«b lesions are reportefl in .the
QSSeo’us . oth ﬁr§t metata-rsals, f" multiple
and 2 lars}ﬁmte sites arld in a dlftal femur
report of g navicular.$2 Herrick’s original
e first case to be documented m

the literature exhibited a monarticular knee
joint effusion,** and the syndrome of severe
polyarthritis associated with a normal sedi-
mentation rate has been well substantiated.”
It has been estimated that it takes 3 weeks
after the onsct of pain and effusion for osse-
ous lesions to become visible radiologically *
Other miscellancous Jestons associated with
cither crisis or ancmia include delay in the
closure of the epiphysis,!*! anterior bowing
of the tibia,?* bilateral sclerosis of the mesial
surface of the sacro-iliac joints and aseptic
necrosis of the humeral heads,14-#03%

Since 1942 much evidence has accumu-
lated to prove that the occurrence of sick-
lemia in conjuction with osscous changes
is not merc coincidence. A 24-year-old
nonancmic colored male complained of a
painful hip. His rocntgenograms revealed
a cystic degeneration of the femoral head,
s smear showed sicklemia, and he died later
in sickle cell crisis.® Another young Negro
male adult presented an irregular, unilateral,
flattening and eburnation of the femoral
head at the same time that muscle biopsies
of the thigh showed proven sickle cell throm-
bosis and infarction.!® Cases are also re-
ported of middle-aged Negro males and
females whose only manifestation of sickle
cell disease was that their smear revealed
100 per cent sickling and their roentgeno-
grams showed bilateral aseptic necrosis.?*
Conly and Smith collected 18 patients who
represented various genetic variants of sickle
cell disease and whose hips all revealed
changes suggestive of Legg-Calvé-Perthes
disease Nine of these cases were either
“S-C disease™ (sicklemia) or unclassifiable.
Only one of them exhibited bilateral avascu-
lar necrosis.5® Simular types of hip disease
have been reported in combinations of tha-
lassemia and sickle cell hemoglobin.*® One
sicklemic patient has been reported with
mcreased sclerosis of the ossification centers
of the humerus, and another with bilateral
sclerosis of the ihac crest.”* However, Con-
ley and Smith feel that these scattered areas
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of sclerosis are probably very rare in the
genetic variants of sickle cell anemia.®
The thrombotic-infarctive rationale for
the osteochondritis-dissecans-like lesions de-
scribed in this case receives Iurther support
from the original works of Koch and Ax-
hausen,'*33 who postulate that an “ob-
struction of the entire capillary arca of
nutrition” by emboli was at tault. Although
some workers have disputed this, claiming
that there are no true end anatomic arte-
rioles in these areas, it does not mean that
the vessels could not still be functionally end
arterioles.®® Fairbank hesitated to follow
those who claimed that trauma could explain
these lesions;103%.44 he felt that some other
basic pathologic state must accompany the
traumatic factor.'® Perhaps it is the sickling
diathesis, at least in those patients who
possess Negroid germplasm, that supplies
the nontraumatic factor to which Fairbank
alluded. The incidence of the trait varies
from 7 per cent™ to 14 per cent,® and,
since the ratio of sicklemic patients to sickle
cell anemia patients varies from 7 to 1% to
40 to 1, jt is probable that changes men-
tioned in this report might be noted with
greater frequency. These changes might also
be suspected in apparent Caucasians, as
there are now 26 authenticated cases of
sickle cell disease in Caucasians in whose
immediate hereditary background there were
no Negroes. However, most of these cases
exhibited some evidence of North Mediter-
ranean, Mexican, Mayan or Indian ancestry,
and some of them are examples of disease
due to a combination of genetic variants of
sickle cell disease combined wth thalassemia
either major or minor.27.4171
The statement that “the ability to sickle
appears to be attended by mo pathologic
consequences in the majority of individaals”
is probably a fairly accurate estimate of
the situation,*® since most of the small focal
lesions heal by creeping substitution and are
relatively asymptomatic. However, in spite
of the fact thu sicklemic skeleton changes
may be uncommon, there is no foundation

for dismissing the trait as unimportant, 32
52.60.6L70 for stating that “the bones of the
Negro with the sickle cell trait, in the
absence of hemolytic anemia, are negative
on rogntgen ex: fon,” or for claiming
that “no residual deformity or demonstrable
roentgen changes are present after attacks
of severe migratory joint pains.”*®

SUMMARY

A case report of a 24-year-old Negro
male with the proven sickle cell trait and
with multiple osseous lesions in the shoulder,
hips, sacro-iliac joints, knees, tibias, fibulas
and subtalar joints has been presented and
the significance of this condition discussed.

CONCLUSIONS

Sicklemia is not a benign trait and can be
associated with multiple musculoskeletal de-
rangements that may increase significantly
the morbidity of the patient. There is no
parallelism among the degree of anemia,
the severity of the sickle cell disease symp-
toms, the rate of destruction of the erythro-
cytes, the extent and the severity of the
roentgen demonstration of osseous changes,
and the musculoskeletal symptoms. Clini-
cians should abandon the misnomer sickle
cell anemia and sickle cell trait and employ
the designation sickle cell disease. 'The ane-
mia, though the most popular sign, is not
the essential defect, and not even a consist~
ently dangerous one. The mortality and the
musculoskeletal morbidity of the disease are
not related to the anemia but to the sites of
vascular obstruction. The symptoms and
signs in a patient with sickle cell disease may
be completely referable to the musculoskeletal
system without affecting any other system.
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The Sesamoids
of the Great Toe—The Pedal Polemic

Report of

3 Cases

MorTon H. Lronarp, M.D.*

Review of the world literature on the
sesamoids of the preat toe reveals a sur-
prising difference of opinion regarding their
development and pathology. This literature
began to accumulate during the Middle
Ages. Inge and Férguson® cite Garrison.!
who relates that the medial sesamoid was
known as the bone “juz” Rabbi Uschaia
thought the bone luz would be the nucleus
for reconstitution of the body at the mil-
fenium. Inge and Ferguson believed that a
fracture should not be dizgnosed unless
callos formation was seen. They found
divided sesamoids in 10.7 per cent of roent-
genograms of 1,027 patients over the age
of 10. In their apinion, a painful sesamoid
could be due to arthritis, bursitis or dis-
placement. They did not feel that there was
an entity of sesamoiditis but that this condi-
tton was actually a traumatic arthrosis. Exci-
ston of the painful sesamoid in 41 feet gave
good results,

_PiEI‘grossi“’ pointed out that the x-ray
diaguosis of a fracture of the sesamoid Was
exceedingly difficult because of overfying
shadows, He and Key and Conwell? recom-
mend excision of a painful sesamoid if
Symptoms last over 2 months. Bizarro!

indicated the difficulty of ascertaining the
mechanism of fracture. He felt that fre-

e
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quently the fibular sesamoid escaped injury
because it moved fibularward.t T. G. Or®
reported 24 cases of fracture of the sesa-
moid up to 1918, Freiberg® related finding
only 1 bipartite sesamoid in over 1,000
roentgenograms. He said that if there was a
history of trauma and comminution was
present, there was no argument about the
possibility of fracture, He added that it was
an academic question as to whether or not
there was fractuse if there were symptoms
from the sesamoid. The technic of Miiller®
for taking an axial view of the sesamoid is
outlined in the English literature by Burmasn
and Lapidus.® These authors found 78 bi-
partite sesamoids in 100 roentgenograms.
Those who are interested in a complete
summary of the literature with a radio-
graphic, clinical and pathologic study of the
sesamoids of the great toe should refer to
the work of Kewenter.® He studied a series
of 424 females and 370 males from 14 to
65 years of age without signs and symptoms
in the region of the sesampids. He found
partition of the sesamoids in 33.5 per cent.
The percentage in females was 36.6 and in
males 30.1. The 1ibial sesamoid was bipar-
tite much more often than the fibular. Par-
tH Is suggested that to avoid confusion the

medial sesamoid be called the *tibial” and the
lateral sesamoid the “fibular.”
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Fi6. 1. The Roman nu-
merals indicate the order and
the frequency of sizes and
shapes of the great toe sesa-
moids, (Kewenter, Y.: Acta
orthop. scandinav. {Supp. 2],
p- 42, 1936) The use of “tib-
ial” to indicate medial and
“fibular” to indicate lateral 1s
preferred.

ABORTIVE DIVIDED FORMS

I I Ir AT
LATERAL SESAMOID

tition can rarely result in as many as 4 pieces
to a sesamoid. The size and the shape of
these bones in their order of frequency are
illustrated in Figure 1 and the types of
partition and their frequency are shown
in Figure 2, Kewenter analyzed the litera-
ture critically and stated that up to 1936
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60 cases of fracture of great toe sesa-
moids had been reported. Ten of these
were in combination with other fractures.
He concluded that isolated fracture of these
sesamoids was rare. The diagnosis is to be
made with caution, The criteria for the
diagnosis are callus formation, histologic

M g

Fic. 2. The types of par-
tition and their frequency.
(Kewenter, Y.: Acta or-
thop. scandinav. [Supp. 2],
p 48, 1936)
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Fia. 3. Technic

«~  of taking axial
’ view. (Mililfer.

W.: Beitr, Min
P o 188315)

evidence of fracture or a radiograph showing
division not present prior to injury but
there after it

Kewenter pointed out that more than one
center of wssification was more common in
the tibial sesamoid. Usually, ossification is
completed in from } to 2 years. The time
of appearance of ossification was studied in
239 females and 226 males aged from 5 to
16 years, In addition, 24 females and 31
males aged from 22 to 10 months were
studied. The first appearance of ossification
in a female was noted at the age of 7 years
and 2 months; the latest, 10 years and 9
months. The average age of appearance in
females was 9.1 years. In males, the
earliest appearance was about 10 years; the
tatest, 12%; average, 11.1 years,

Kewenter sectioned 520 sesamoids in 130
cadavers varying in age from 1 to 100 yeas.
He found undivided sesamoids of homoge-
neous structure, divided sesamoids, fractures
of solid sesamoids and fractures of partite
Sesamoids. It was noted that partite sesa-
Mmoids fractured more often and from lesser
trauma.  Arthrosis deformans was noted in
10 pes cent of these cadavers.

Rewenter concluded from his climeal,
radiographic and pathotogic investigations
that pathologic change did occur wm the sest-

Tooids of the great toe. These changes are
Tare and can be asyl ic He pointed

Fic. 4. Longitudinal division of a fibular
sesamojd in a 17-year-old female,

out that there was no typical sesamoid dis-
case and that the sesamoids were not unusual
bones but were subject to fracture and
arthrosis deformans.

Painful sesamoids do occur and should be
studied by careful clinical examination, labo-
ratory examination, including blood wuric
acid deter ions, and roentgenographic
studres. A wseful clinical test for pathology
in the sesamoid is to palpate the bone with
the great toe in varying positions. Pain and
tenderness shift with the sesamoid. In roent-
genographic diagnosis the axial view is most
important (Fig. 3).

Case 1. A 17-year-old female complained of
pain in the region of the right great toe for 2
months She demied injury, On examination
there was tenderness isolated to the fibular
sesamoid. This tenderness shifted as the sesa-
moid was moved. Radiographs made at the
time of the first vist, on January 21, 1957,
showed a definite lute of division in the fibular
sesamoid (Fig. 4) She was treated with arch
supports. On March 29, 1957, she was asymp-

r
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FiG. 5

19, 1957, show what 1s either a nonunion of a
fracture of a fibular sesamoid or, more likely,
a bipartite sesamoid (Figs. 4 & 5).

It is my opinion that the pathology was

F k (Left) Anteroposterior view showing division of fibular sesamoid. (Right)
Axial view. The absence of overlying bone shadows permits better demonstration of the
longitudinal division.

mm. in greatest diameter. The section shows a
piece of bone. The bone marrow is replaced
by mesenchymal tissue, which is intimately
iated with the bone. In those places where

mjury to a bipartite fibular sesamoid

Case 2. A 38-year-old male sought advice
on August 15, 1952, with the complaint of pain
on weight-bearing n the regron of the left great
toc. Examination was negative except for shift-
ng tenderness asspcrated with the tibjal sesa-
moid. Radiographs made at the time of the
first visit showed irregularity of outline and
marked alteration of the trabecular pattern of
the tibial sesamoid, which was excised on
August 18, 1952 (Fig. 6). At surgery it was
noted that the cortex was intact. A roentgeno-
gram was made of the specimen (Fig. 7). The
pathologic report was as follows:

“An oval-shaped piece of bone that measures
2 cm in greatest diameter On sectioning one
sees a firm, grayish-white cortex that measures
2 mm. 1n greatest diameter. Beneath the cortex
there are grayish-white cancellous bone and an
extremely firm translucent nodule measuring 5

the mesenchymal tissue is closest to the bone,
a number of giant cells and some atrophy of the
bone were noted. In other places there are
deposits of golden-brown pigment. Also pres-
ent are numerous small irregular cytic spaces.”

It is believed that this is a case of a bipartite
tibial sesamoid as demonstrated by radiographs
of the sp The other ch are sec-
ondary to trauma.

Case 3. A 30-year-old male came under my
care on N ber 3, 1952, laining of
pain in the right great tog on weight.-be.lring
during the previous 6 months, Radiographs
made elsewhere on October 20, 1952, showed
no evidence of bony abnormality (Fig. 8, fop,
left). An axial view was not available. There
was shifting tenderness over the tibial sesamoid.
The axial view showed a bipartite sesamoid
(Fig 8, top, right). Treatment was with meta-




i
Fio. 6. (Top, left) Anteroposterior view of the great toe joint. Changes are present

in the tibial sesam
Lateral view
ubsal sesamon
€ven in conj
the toen|

shadows

oid but difficult to see because of overlying bone shadow. (Bottom)
of the left great toe and its sesamoids. Note the irregular outline of the
d. It 15 difficult to know which sesamoid is involved from this view alone
unction with the anteroposterior view. (Top, right) Axial view clearly shows
tgenologic changes in the tibial sesamoid since there are no overlying bone
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Fic. 7. (Left) Anteroposte-

tior roentgenogram of specimen.

The arrow indicates a division of

3 the sesamoid. (Right) Lateral

view of specimen. The arrow

nates the abnormal caudal pro-
jection of the sesamoid.

Fic 8. (Above, left) Ameropbstericr roent-
genogram of a painful tibial sesamoid. (Above,
right) Axial view made at the time of the first
visit (Bottorm) Axial view made on May 12,
1953,
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Nonunion of First Thoracic Spinous Process

Case Report

DuncaN C. McKEEVER, M.D.

The patient, a 37-year-old white male,
presented himself on May 10, 1956, with
the following history:

In 1951, he was driving a bus across an
open field when the left front wheel dropped
into a hole, stopping the bus instantly. The
steering wheel was jerked violently, and he
was thrown almost completely through the
front window. He felt something pop in his
upper back and at the time could hardly
breathe. The back was taped for 2 weeks.
Roentgenograms were said to be negative.

Fic. 1 See text.

For the next 5 years the patient continued
to have daily headaches, almost constant in
character, located in the back of the head
and over the sides of the head toward the
eyes. They were defimtely aggravated by
fatigue. He also had pain radating into his
chest and down both arms. There was limi-
tation of motion in the neck when the pain
became severe. The condition had made
him extremely nervous. Numerous exami-
nations had failed to reveal any cause for
the condition.

Examination revealed a fairly well-nour-
ished and well-muscled male, carrying him-
self in somewhat faulty posture with forward
projection of the head. The scalenus mus-
cles were in some spasm, as were all the
neck muscles. There was tenderness over
the scalenus muscles. The only positive
finding was of acute tenderness over the
spinous process of the 1st thoracic vertebra.

Multiple oblique roentgenograms were
taken to try to throw the lower cervical and
upper thoracic spinous processes into pro-
file. One of these was successful and re-
vealed a fracture of the spinous process of
the 1st thoracic vertebra about 1 inch from
its tip with gross displacement and an obvi-
ous nonunion (Fig 1). After examination
of this roentgenogram, re-examination of
the anteroposterior view (Fig. 2) revealed
a duplication of the spinous process of th.e
1st thoracic vertebra: one of the images is
the fractured-off piece; the other is the
remaining base of the spinous process.
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Twenty-four hours of head traction pro-
duced complete symptomatic relief.

The fractured-off spinous process was
removed surgically. At the time of opera-
tion the contacting surfaces at the fracture
site were very badly cburnated as 2 result
of prolonged friction.

The operation afforded immediate com-
plete relief of alf symptoms. The patient
was dismissed from the hospital 4 days post-
operatively. He was placed on postural
exercises, He returned to work as soon as
his stitches were removed,

Since discovery of this case, the author
has had occasion to see 3 other cases in
which fracture of a thoracic spinous process
was followed by union in a position that
caused painful impingement. Two of these
wete relieved by excision of the involved
process. The other case did not present
sufficient symptoms to warrant operation. It
is the author’s opinion that frequently this
condition is overlooked.

Fic. 2. See text,
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The Cushion-Socket Below-Knee Prosthesis

ErRNEST M. BURGESS, M.D.,*

During the past decade, major improve-
ments in [imb design have transformed the
field of prosthetics far beyond the highest
expectation of most of us. The generally

* Chief, Amputation and Prosthetic Services,
Children’s Orthopedic Hospttal; King County Hos-

pital; Veterans' Administration Hospital—Seattle,
Wash,

FIGURE 1

AND EUGENE CorLEMaN, C.P.

satisfactory function experienced by below-
knee amputees has tended to focus a greater
degree of attention on the more pressing
problems of limb substitution at other levels
throughout the upper and the lower extremi-
ties. However, critical evaluation of con-
ventional below-knee prostheses now avail-
able would indicate that the below-knee
level of amputation, no less than any other,
calls for concerted study to resolve the
many problems inherent here. Experience
with the closed cushion socket, or Coleman
limb, leads us to believe that this prosthesis
presents definite advantages for certain

e
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FIGURE 2
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FIGurE 4

bE?ow-knee amputees, This report outlines
b'neﬂy the field of usefulness and the prin-
ciples of design of the Coleman limb.

In our experience, no below-knee ampu~
tee ever is completely happy with the fit and
the comfort of his limb. Of course, the
basic problem has to do with the necessity
for weight-bearing below and about the
knee, which area is neither by function nor
by anatomy designed for such purpose. A
¥ide variety of limb variations and modifi-
Cations have been used to ease the burden

Ficure 5

of socket weight-bearing, Meticulous socket
fit is the first requisite. In most cases, one
or more interposed socks of suitable mate-
rial will cushion the stump sufficiently to
increase comfort. This comfort can be en-
hanced in certain circumstances by the use
of a soft socket. Certain amputees find the
soft-socket limb almost indispensable. A
few below-knee amputees will experience
greatest comfort and efficiency with a suc-
tion socket. In general, however, our expe-
rience with the suction socket for the
below-knee amp has been disappointing;
socket tolerance has been poor.

A wider, local distribution of weight-bear-
ing is useful and can be accomplished by
modifymg the below-knee socket to contour
to the lower border and sides of the patella;
also, a well-molded thigh cuff will absorb a
surprising degree of the total weight trans-
mitted through the extremity, Studies would
indicate that, actually, a high-thigh cuff may
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FIGURE 6

assume as much as 50 per cent of the total
weight load. In difficult circumstances, and
with extremely poor stump-socket tolerance,
a major portion of the weight can be trans-
mutted to the pelvis through rigid side up-
rights to an ischial ring or through a semi-
rigid thigh component with a posterior wood,
metal or plastic support contoured to the
upper end of the thigh and the ischium.
Another mechanical device that sometimes
1s of value in reducing stump-socket weight
load is an end-bearing sling in the socket
capable of taking a minor degree of pres-
sure directly on the end of the stump.
Proper imb alignment is fully as essential
as proper socket fit. Functional alignment
includes correct placement of the knee-joint
hinges and a properly placed and balanced
ankle-foot assembly, Most below-knee am-
putees prefer a single-pivot, two-way ankle
mechamsm with the flexible toe break.
Ankle dorsifiexion is limited to simulate

FIGURE 7

“push off” and plantar flexion restricted
sufficiently to permit ease of toe clearance.
Incorporation of lateral or universal move-
ment in the ankle-foot device, such as
cable or Navy ankle, the SACH ankle-foot,
or one of the other several commercially
available lateral ankle-foot assemblies, may
add to the comfort of the stump-socket fit
and absorb some of the repeated shock of
weight-bearing, Certain amputees experi-
ence increased comfort and limb tolerance
with ankle-foot mechanism of this type. A
number of other limb vanations of value
are in current use, including flexible knee
hinges with suprapatellar suspension and
the slip-socket and the split-socket I}mb.s.
All on occasion will aid the prosthetist in
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meeting the basic problems of stump-socket
tolerance,

The fact remains that, despite the varicty
of technics designed to reduce weight load,
friction amd stress on the proximal tibia and
about the knee, the amputee still must take
the major portion of his weight at this site
with cach step. The shin and the soft tissues
about the wpper tibia and the knce joint
accept this alien task reluctantly, At some
time or other, every below-hnee amputee
will experience the characteristic probiems
of undue pressure, minor or major irritative
shin lesions, tender swumps and local or
diffuse sharp pain.

The cushion-socket prosthesis here pre-
sented was developed for certain difficult,
short below-knee amputees who had tried
one or afl of the available prostheses and
still presented the problem of poor limb
tolerance.  This limb is designed to com-
pensate for torsional and pressure stress at
socket level by means of rubber cushioning
between the socket and the shin-ankle-foot
assembly. The present design is illustrated
o Figures 1 to 8. The limb is constructed
of wood or laminated plastic, The socket is
clased and is contoured in the usual manner.
it may Ye carried up to permit patellar
weight-bearing if the surgeon and the
prosthetist so desire. A molded thigh Jacer
and properly placed knee hinges are fitted
3 with the conventional prosthesis. The
socket is cushioned into the shin of the limb
by a rubber ring and a coating of rubber
extending down a short distance from the
tng along the outer surface of the socket.
The design permits a small degree of uni-
Vefsal motion between the socket and the
S’}l'n-ankle assembly without sacrificing sta-
z‘;“g'f mW: ::ave bad no trouble with instabil-

ump within the socket; nor has

the socket tended 1o withdraw or pull away
from the leg,

Our initial experience with this limb in
certain difficult cascs indicated its worth.
We have extended its use now to 22 ampu-
tees. As our experience in both design and
types of user-amputees has broadened, it is
evident to us that the principle of the
cushion socket is vafid. We would recom-
mend an increasing clinical evaluation of
this limb and of the cushion-socket principle
for the below-knee amputee.,

CONCLUSIONS

The authors have presented their experi-
ence with a below-knee prosthesis incor-
porating the principle of the closed cushion
socket. The basic problems inherent in
below-knee limb fit have been outlined
briefly. Our evaluation of the cushion-
socket prosthesis would indicate that it fills o
definite need in the proper management of
certain below-knee amputees.
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Adams, J. C., ankle fusion, 167
Allis sign in diagnosis, congenital hip dysplasia,
204-205
American Orthopacdic Association, 2
orpanization (1887), 1, 4
Amputation, low, of feg, for gangrene, advan-
tages and disadvantages, 199
Anesthesia, fingers, from severance of nerve,
227228
Ankle, joint, arthrodesis, indications, 164
“double,” treatment, 24
fusion, Adams technic, 167
for theumatoid arthritis, 146
in shight equinus for osteoasthritis, 149
and subastragalar joint, arthrodesis, Staples
technie, 167
and tarsal joints, arthrodesis, technic, 167
and hnee, medial torsion between, in young
. child, 156-158
- hgnm‘gms, 74,15
22
flat foot, See Foot, flat
subastragaloid joint, 22
tarsus, 21-24, 64.65
tprsion of femurs, hips or tibias, 79
Anttbiotrcs, jn postoperative care, Lapidus oper-
R ation for bunion, 130, 132
Arteriosclerosis with gangrene, 199-200
Anhri:is[ chronic, foot 1n, 141-150
aims in orthopaedic treatment, 141
degenerative, roentgenographic manifesta-
tions, 66

1 enl, 1+
' F

id jont,

\reatment, nonsurgical, 144-145
surigxcafl, 145-146
orefoot, 136-14
Arthrodests, ankle, 167-16(9)
and subastragalar joint, Staples technic, 167
SXtta-articular subastragalar, 167, 174
foot, 164.174
h.istoncal Teview, 164-167
na\nc\ﬂbcunelform, 167, 172-173
Operations with special indications, 167,
173-174
Panastragaloid, of Lotthorr, 165

two-stage operati .
pantalar, %72]1 ion of Jones, 164-165
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Arthrodesis (Continited)

posterior, of ankle and subastragalar joint,
Staples technic, 167

recurrence after stabilization in paralytic feet,
170-171

scaphocunciform joint and joint between
first cunciform and basc of first
metatarsal, 166

for relaxed flat foot, Hoke's technic, 166

subastragalar, and of ankle, Staples technic,

167

for flat fect in children, Grice technic, 167
Hoke's technic, 165-166
tibiotatar, 167-169
of Blair, 166, 167, 173-174
for pain after malunited fractures about
ankle, 166
triple, 164, 167, 168, 170-172
bridge across joint, calcaneonavicular, 24
internal fixation with staples or Kirschner
wires, 170, 171
Lambrinudi's type for correction of para-
Iytic equinus feet, 166
modificd Hoke technic, 168, 170-171
Ryerson's technic, 166
my, for cal
titie, 2
early technics, 164-165

Astr postp ye-

Bandage, for arthritis, rheumatoid, 144, 146
elastic, in osteoarthntis, 148
Basmajian, J. V., quoted, abductor hallucis
muscle, 109-111
Bizarro, A. H., diagnosis of fracture of sesamoid
of great toe, 295
Blair, H C, tibiotalar arthrodesis, 166
Blount, W. P., quoted, on reduction of fractured
head of radws in children, 265
Bones, foot, 74
Brace(s), Freiberg-Carruthers, for congenital
hip dysplasia, 211
legs, for medial torsion of legs in young
child, 161, 162
for torsion of legs in young children, 154
Brockman, E P., soft-tissue surgery for club-
foot deformities, 177
Bunton(s), effects on posture, 91
with hammertoe, simultaneous operative
treatment, 134
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Bunion(s) (Continued)
operative treatment, of Lapidus, 119-134
indications, 123-124
initial performance, 119
postoperative care, 130, 132, 134
results, 125, 127, 129-133
suturng, 130
technic, 124-134
pioneer work, 122
Bursae, foot, painful, in arthritis, rheumatoid,

metatarsal, 102, 103

Calcaneovalgus deformity in paralytic feet,
Davis operation, 165
Calcaneus, fusion, with cuboid, 22
with navicular, 22
with talus, 22
postpoliomyelitic, treatment, methods of
Royal Whitman, 2
trabecular patterns, 17, 19
Calcification in osteoarthritis, area of ligaments,
147-148
Callus(es), foot, adventitious, formation from
high-heel shoes, 102
in arthritis, rheumatoid, 144, 146
effects on posture, 91
with hammertoe, 94-95
from high arches, 89-91
from short leg, 90
from torsion of femurs or tibias, 91
Cast(s), plaster of Paris, for arthritis, rheuma-
toid, 144, 145
flat feet, rigid, 154, 156
Chimpanzee, comparative anatomy of foot,
119-121
Codwvilla, A, soft-ttssue surgery for club-foot
deformuties, 177
Colonna, P. C., quoted, association of hip dys-
plasia and metatarsus adductus, 203
Contracture, Dupuytren’s, of foot, in rheuma-
tod arthritis, 147
Cord, heel, tight, flat foot from, 184-188
Corns, effects on posture, 91
Cortisone therapy, osteoarthritts, 148 .
Crego and McCarroll, recurrence after stabiliza-
tion 1n paralytic feet, 170-171
Cnitchley and Taylor, soft-tissue surgery for
clubfoot deformuties, 177-178
Cuboid, fusion, with calcaneus, 22
with os calcis, 22
trabecular patterns, 16
Cuneiforms, trabecular patterns, 16

Dancers’ fracture See Jones's fracture |
Davis, G G transverse horizontat section for
yreectton of calcaneovalgus
teformity in paralytic feet, 165

Denis Browne splint, for congenital hip dys-
lasia, 211
for torsion of leg, 79
Dupuytren’s contracture, foot, in rheumatoid
arthritis, 147
Dysplasia, hip, congenital, diagnosis, erroneous,
203-204
historical considerations, 203-204
incidence, 204, 209-211
and metatarsus varus, 203-212
diagnosis, physical findings, 204-205
roentgen findings, 205-208
materials and methods, 204-208
treatment, 211

Eczema in rheumatoid arthritis, 146

Eimslie, R. E, soft-tissue surgery for club-foot
deformities, 177

Epidermophytosis with rheumatoid arthritis, 146

Epipbyses, phalanges, toes, middle, absence,
29-30

proximal, variations, 33-39
Equinus with contracture of tendo achillis in
rheumatoid arthritis, 144
Exercises as therapy, knock knees and weak
arches, 79
ostcoarthritis, 148
torsion of legs in young children, 154

Farill, J, soft-tissue surgery for club-foot
deformities, 177-178
Femur, epiphyses, medial, stapling, for knock
knees and weak arches, 79
head, delayed epiphysis, 205
neck, fracture(s), pioneer work of Royal
Whitman, 2
treatment, “abduction” method of Royal
Whitman, 2
unumited, treatment, methods of Royal
Whitman, 3
shorteming, in equalization of leg length, 221-
226

torsion, effects on posture, 91
external or internal, congenital, 79
Fiberglas cloth in corrective shoes, 105-107
Fick, R , quoted, structure of foot, 47
Finger(s}, anesthesia, from severance of nerve,
227-228
lacerations, repair of digital nerves. See Hand,
and fingers, lacerations, repair of
digital nerves
third, prenatal skeletal development, 10
See also Phalanges and Hand
Foot (fect), abnormalities, effects on posture,
89-91

anatomy, comparative, primates with man,
119-121
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Toot tfeet) (Continned)
arch(es), 75-76
high, cffects on posture, 89-9¢
with palomyelitis or Fricdeeich’s atasia,
farmation of calluses, H
metatarsal, 101
~sapports, for tomsion of Jeps and Nat feet in
young children, 1SS, 156
weak, correction, 79
cilects on postuee, 89
with pronation, marked or moderale, 81
strengthening, 78-79, 81t
arthritis, theumatowd, 141147
arthrodesis, 164-174
bachward displacement for postpaliomyelitic
calcancus, 2
bones, 74
chondnfication, 89
circulation, 74-75
claw, 9§
club, deformities, major, 177
soft-tissue surgery, historical considern-
tions, 177-178
important points, 180-18¢
incision, 178-180
timstations, 184
purpose of operatian, {78
results, 182-183
technic, 178-182
equinovarus, cffects on posture, 91
racker foat, 96
treatment, manipulation, 3
plastes of Paris boat, 3
uncorrected, persisting heel varus, soft-
tissue releasing procedure, 177-183
collagen diseases, 150
development, skeletal, 7-13
dpital skeletan, variations, 26-39
epiphyses of proximat phalanges, 33-39
middie phalany reduction, 29-33
number of segments, 26-29
by races, 28§, 29
datsstlexion, §0
lynamic posture in relation to See Posture,
dynanue, in relation 1o feet
effects of }lxi)g’h-hecl shoes an weighl—bcaring,
£quinus, paralytie, triple arthrodesis operation
of Lambriaudy, 166
eversion, 80
flat, 1n gdolescence, Miller operation, 166
arthritye nigid, effects on posture, 91
e chldren, subastragalar artheodests, Grice
techme, 167
completely, with moderate pronation, 97
peroneal spastic, without bone

Foot (feen), flat, peroneal spastic (Continned)
origin of spasm, 72
pathomechanics, 64-73
refaxed, Hoke's seaphocunciform arthrod.
osis, 166
from sleeping in fcag position by young
child, 152, 154, 155
spastic static, 22
from tight heel cord, 184-188
treatment, methods of Royal Whitman, 2
gangrene, wchemic, and infection, treatment,
199-202
treatmient, fow amputation, advantages and
disadvantages, 199, 20t
gout, 150
nverston, 80
lgaments, 74, 75
Foot e~rrt- . Lot o
co Sran, 03
results, 51-55
mterpretation and discussion, 55-63
test of method, 49-51
theory of method, 48-49
stress, concentrated and distributed, 48
muscles, 74-77
normal, trabecular patterns, 15-20
ossification, postnatal, 11-12
prenatal, 941
osteoarthritis, 147-150
rocker, due to congenital subluxation of talus,
214
equinovarus, effects on posture, 96
sesamoids, chondnification, 8
tendoas, 74-77
weak, treatment, methods of Royal Whitman,
2

Forefoot, spread, with depression of metatarsal

heads in rheumatoid arthritis, 146
surgery, in theumatold arthritis, 136-140

Freiberg, A. H., diagnosis of fracture of sesa-
moid of great foe, 295

Freiberg-Carruthers brace for congenutal hip
dysplasia, 211

Frejka splint for congenital hip dysplasia, 211

Fried, A, soft-tissue surgery for chub-foot
deformties, 177-178

Friedrewch’s ataia, high arch with, formation of
calluses, 91

Gangrene, with arteriosclerosis, 199-200
“dry,” infection with, 200
in foot, low amputation, advantages and dis-
advantages, 199, 201

Iy,

changes at talonavicular joint, 66-69

h and infs wn foot, i1
199-202
10es. treatment. 200
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Garceau, G. J., tendon transposition for club-
foot deformities, 177

Gaston, S. R,, et al,, quoted, on reduction of
fractured head of radius in children,
265

Gibney, Virgil P., pioneer in orthopaedic
surgery, 1

Goldenberg, R. R., quoted, on reduction of frac-
tured head of radius in children, 265

Golding-Bird, C. H., astragaloscaphoid fusions
performed, 164

Gorilla, comparative anatomy of foot, 119-121

Gout, 150

Grice, D, 3., subastragalar arthrodesis for flat
feet in children, 167

Hallux, rigidus, severe, 148, 149
valgus, 1 arthritis, rheumatoid, 142-144
effects on posture, 91, 94-95, 97
in rheumatoid arthritis, surgical treatment,
146

varus, and metatarsus varus, 109-118
abductor hallucis muscle, 109-111
diagnosis, 111-112
operattve treatment, 110, 112-113, 115

complications following surgery, 115
results, 111-118
types, 111-112
Hammertoe, in arthritis, rheumatoid, 142, 146
bilateral, surgical treatment, 125
with bunion, simultaneous operative treat-
ment, 134
correction, 94-95
effects on posture, 94-95
Hand, and fingers, lacerations, anesthesia from
severance of nerve, 227-228
dragnosts, 228, 229
ncidence, 227-229
repair of digital nerves, 227-233
procedure, 230-232
results, 232-233
nerves, anatomy, 229-231
nerves, anatomy, 228-230
sesamoids, first appearance in intra-uterine
Ife,
Heel and toes, medial torsion between, in
young child, 158, 159
Hicks, J H., quoted, structure of foot, 47
Hilgenreiner’s measurements in roentgen diag-
nosts of congenital hip dysplasia,
205-206
Hip(s), disability from osteoarthritis, treat-
ment, methods of Royal Whitman,

3
dysplasix See Dysplasia, hip
torsion, congemtal, 79
medial, 1n young child, 156-157

Hoffmann, P., quoted, operation for severe
grades of contracted or clawed

toes, 138

Hoke, M., technic for subastragalar arthrodests
165-166

Hospital for Ruptured and Crippled (New
York), 1,2

Index, acetabular, in roentgen diagnosis of
congenital hip dysplasia, 206-207

Jeflery, C. C., quoted, on reduction of frac-
tured head of radius in children,
265
Joint(s), astragaloscaphoid, arthrodesis, 164
fusion, for rheumatoid arthritis, 146
calcaneo-astragaloid, arthrodesis, 164
calcaneocuboid, arthrodesis, 164
1 vicular, bar as 1y, with or
without beaking, 65, 66, 69
bridge across, 23
synostosis, 67, 68
1 Bt

p genital anomalses, 22
lesions, multiple, in young Negro adult exhib-
iting sickle-cell trait, 287-292
metatarsocuboid, fifth, avulsion fracture, 196
phal bluxation, in theuma-
toid arthnitis, 142, 143
scaphocuneiform, arthrodesis, and joint
between first cuneiform and base of
first metatarsal, 166
ubastr: loid, jtal
subtalar, 41-42
arthrodesis, 164
bridge across, 22
synovial, development, jnitial phase, 8
talocalcaneal, bar as anomaly, 64
bridge across, 23
synostosts, 67, 68
trabecular patterns, 18
talocrural, 41-42
talonavicular, changes at, 66-69
molding changes, 70, 71
tarsal, arthrodesis, indications, 164
transverse, 41-45
control, 44-45
See also Tarsus
Jones, R., two-stage operation for panastraga-
loid arthrodests, 164-165
Jones’s fracture, 190-197
anatomy, 191
classification, 193-196
comminuted, 197
history, 190
incidence, 196
mechanism of injury, 191-193
prognosts, 190-191
treatment, 195-197

hes, 22
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Keller-Brandes operation for correction of
bunion, 122, 123, 132
Kewenter, Y., study of sesamoids of great toe,
295-297
Key, J. A., and Conwell, H. E., excision of pain-
ful sesamoid of great toe, 295
Knee(s), and ankle, medial torsion between, in
young chitd, 156-158
hyperextension, effects on posture, 90, 91
knock, 79
correction, 79
effects on posture, 89
in medial torsion of legs in young child,
159-160
with torsion of tibia, 93
pronation, extreme, effects on posture, 90
recurvatum, cffects on posture, 90

Lambrinudi, C., triple arthrodesis for paralytic
equinus feet, 166
Lapidus operation for bunion. See Bunion,
operative treatment of Lapidus
Leg(s), abnormalitics, eflects on posture, 89-93
bow, correction, spontancous, 79
effects on posture, 90
in medial torsion of legs in young child,
159-160
children, torsion, 152-163
etiology, 152, 153
history, 153
Iateral, 152-156
rotation test, 154, 155
treatment, 154, 156
medial, 156-163
acquired, 156
congenital, 156
diagnosis, roentgenographic, 160-161
location, 156-158
symptoms, 159-160
treatment, 161-162
corrective shoes, 162-163
Mmuscles, 77-79
Decrosis, local ischemic, 272-282
case studres, 272-280
discussion, 277-280
tendons, 77-79
Unequal length, complications, 221
equalization by femoral shortening,
221-226
case studies, 222-226
management, 222
do da Vincy, first record of 2-phalanged
. form of 5th toe, 26
Ligaments, ankle, 74, 75
Calcification in area, 1n osteoarthritis, 147-148
foot, 74, 75
mb, lower, development, 1nitial, 7-8
Lorthoir, 1., panastragaloid arthrodesis, 165

Leonary

McCarroll and Crego, recurrence after stabiliza-
tion in paralytic feet, 170-171
McCauley, 1. C., Jr., soft-tissue surgery for
club-foot deformities, 177
Malicolus, internal, enlargement, 22
trabecular patterns, 17, 19-20
Manipulation under anesthesia, for arthritis,
rheumatoid, 145
Manter, J, T., modifications of arch concept of
foot, 47-48
Mayo Kiittner resection of first metatarsal head,
22,123
Metatarsal(s), chondrification, 8
fifth, fracture of base. See Jones’s fracture
ossification, 10
trabecular patterns, 16, 18, 19
Metatarsalgia, acquired, 1n women, 101-107
clinical picture, progressive, 101-104
treatment, 104-106
definition, 10}
Metatarsus varus deformity, congenital, 159
and hallux varus, See Hallux varus, and
metatarsus varus
and hip dysplasia, See Hip, dysplasia, and
metatarsus varus
Miller, O. L., operation for correction of flat
feet in adolescence, 166
Muiller, W.,, diagnosis of fracture of sesamoid
of great toe, 295
Muscle(s), abductor hallucis, 109-111
foot, 74-77
leg, 77-79

Navicular, fusion, with calcaneus, 22
with talus, 22
trabecular patterns, 16
Neck, injuries, chinical series, 240-242
diagnosis, 235-239
examination, clinical, 238-240
neurologic, 240
physical, 239-240
experimental studies and correlation,
243-247
fractures, follow-up studies, 243
major sources, 235
treatment, 242-247
whiplash, 237
Necrosis, ischemic, local, of leg, 272-282
case studies, 272-280
discussion, 277-280
Nerve(s), hand and fingers, anatomy, 228-231
median, anatomy, 229-230
radial, digital, anatomy, 230
ulnar, anatomy, 230

Orangutan, comparative anatomy of foot,
119-121
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Orr, T. G., fracture of sesamoid of great toe, 295
Ortolani sign in diagnosis, congenital hip dys-
plasia, 204
Os, calcaneus secondarjus, 22
calcis, fusion, with cuboid, 22
with scaphoid, 22
sustentaculi, 21-22
Ossification, foot, postnatal, 11-12
prenatal, 9-11
initia}, lower limb, 7-8
Osteoarthritis, disability at hip from, treatment,
methods of Royal Whitman, 3
foot in, 147-150
incidence, 147
pathology, 147-148
treatment, nonsurgical, 148-149
surgical, 149150
toe joint, 97
Osteomyelitis, foot, in arthritis, rheumatoid,
144

Osteotomy, reduction of epiphysial fracture of

head of radius in children, 270, 271

wedge, tarsal region, for theumatoid arthritis,
146

Panarthrodesss, 172
Perkins’ line in roentgen diagnosis of congenital
hip dysplasia, 206, 207
convex, congenital, 214
toes, middle, jon, 29-33
variations 1n number of segments, 26-29
by races, 28, 29
See also Fingers, Toes
Phlebtis, in rtheumatoid arthntis, 146
Piergrosst, A., diagnosts of fracture of sesamoid
of great toe, 295
Pigeon toes, 1n medial torston of legs in young
child, 159
Poliomyelitis, high arch with, formation of cal-
Tuses, 91
sequelac, treatment, proncer work of Royal
Whitman, 2
Posture, corrective, for medial torsion of legs 1n
young child, 161, 162
dynanmc, in relation to feet, 74-100
anatomic considerations, 74-76
bastc posttion, 86
chimbing, 88-89
definitions and basic principles, 85-86
infant, 76-79
Jumping, 93-94, 96-99
running, 91-93, 98-99
mn sports, 97, 99
transitions in positions and activities,
97-100

Pes planus,
Phal.

walking, 85, 87-88
effects of abnormahities of feet and legs,
89 )

Posture (Continued)
poor, causes, 84
correction, 84-85
effects, 84
in relation to feet, 84-85
sleeping in frog position by young child, tor-
sion and flat feet from, 152-155
static, in relation to feet, 79-84
rechning, 80
sitting, 80-82
standing, 82-84
Prosthesis, below-kncee, cushion-socket, 304-307
Pseudoepiphysis, middle phalanges, toes, 29
Putti’s triangular splint for congenital hip dys-
plasia, 211

Race as factor in incidence, variations in num-
ber of segments of toes, 28, 29
Radius, head, fractures, epiphyseal, in children,
264-271
case studies, 267-268
closed reduction, 264-266, 268, 269
open reduction, 265-271
osteotomy reduction, 270, 271
Rotation test, torsion of legs in young children,
154

Ryerson, E. W., triple arthrodesis, 166

Scaphoid, accessory, or prehallux, of Kidner, 24
fusion with os calcis, 22

Scleroderma, 150
S ids, foot, chondrifi 8
great toe, 295-301
case studies, 297-301
historical consideratians, 295-297 ,

Shoe(s), for adult;, p}o})er Vs Iimproper, 88
corrective, with abduction bar, for congenital
hip dysplasia and metatarsus varis,
211

apparatus and materials, 106-107

for arthntis, rtheumatoid, 144

for knock knees and weak arches, 79

for metatarsalgia, acquired, 1n women,
104-106

11 osteoarthritis, 148

rocker, n equalization of leg length by
femoral shortening, 222, 223

torsion of legs in young children, 155, 156,
162-163

destrable features, 87

high-hegl, effects of weight-br
102

ing on foot,

for infant, 7778, 81 .
‘nt, Denis Browne,
plasia, 21

“tal hip dys-
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