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Michael Hoke

J. HiraM KiTg, M.D.*

Michacl Hoke was born in Lincolnton,
North Carolina, on Junc 28, 1874. His
father was the illustrious Major General
Robert F. Hoke of the Confederate Army.
His mother was Lydia Van Wyck, of New
York. His early years were spent in Lincoln-
ton and Raleigh, North Carolina. After fin-
ishing high school in Raleigh, he entered the
University of North Carolina. He was ath-
letic, even though he was slender in build
and of medium height. He was an out-
standing football player and was captain of
the team during his senior year. He gradu-
ated from the University of North Carolina
in 1893 with a Bachelor of Science degree in
electrical engineering. The training that he
received in mechanics at the university
proved to be most valuable to him in later
years when he undertook the study of the
mechanics of the human foot.

Medicine appealed strongly to the young
engineer, consequently, he went to Char-
lottesville and entered the Medical School
of the Umversity of Virginia. He completed
the 2-year course and recewved his degree of
Doctor of Medicine in 1895 He interned
at the newly opened Johns Hopkins Hospi-
tal, in Baltimore. There he came under the
influence of Dr., William Osler, chief of
Medical Service, whom Dr. Hoke regarded

as a very close personal friend. He worked
under Dr William Stewart Halsted, who
was professor of surgery and the teacher of
many famous surgeons. Halsted’s teaching

* Atlanta, Ga,

and meticulous attention to detail was re-
flected in Dr. Hoke's surgery in the ycars to
follow. After leaving Baltimore he spent a
year at Harvard,

At that time Atlanta had recovered from
the War between the States and was one of
the most pramising cities in the South. Dr.
Hoke began practice in Atlanta in 1897,
doing general surgery. Later, he specialized
in orthopaedic surgery. He was the pioneer
orthopacdist in Georgia. He taught ortho-
pacdics at the Atlanta College of Physicians
and Surgeons, which later consolidated with
the Medical School of Emory University.

On April 20, 1904, after 7 years in prac-
tice, Dr. Hoke married Miss Laurie H. Har-
rison, of Atlanta. The marriage was an
unusually happy one: Mrs. Hoke entered
fully into her husband’s professional life and
his many outside interests. They had two
daughters,

Dr. Hoke was a member of the Fulton
County Medical Association and the Medi-
cal Association of Georgia, and he played
a prominent part in the foundigg of the
Southern Medical Association. He was a
member of the American Orthopedic Asso-
ciation and was elected president in 1925.
He presided at the annual meeting held in
Atlanta in 1926. This was the only time
that the American Orthopedic Association
met in Atlanta. When the American Acad-
emy of Orthopedic Surgeons was formed
later, he was a charter member.

Dr. Hoke's chief relaxations were golf and
hunting. He liked the outdoors and pur-
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chased a large tract of land in South Geor-
gia, where he could go hunting with his dogs.
Most of his week ends were spent on the
farm. It was not long until he began to
experiment with various kinds of grasses for
year-round pasture He soon developed a
very fine herd of cattle, which won many
prizes at the various Iivestock shows in
South Georgia.

Dr. Hoke devoted a great deal of time to
working on the chanty service of Grady
Memorial Hospital

Mrs. W. C. Wardlaw, a prominent citizen
of Atlanta, and 6 other ladies sold pencils
to raise money for the hospital expenses of
a number of crippled cluldren, whom Dr.
Hoke treated without pay These were cared
for in the Wesley Memonal Hospatal, which
later became Emory Unpversity Hospital,
Soon the need of a convalescent home was

evident, and 2 cottages were rented in Deca-
tur. As the demands for more beds grew,
the Jadies were unable to continue to finance
the home. At this time, the Scottish Rite
Masons of Atlanta, under the leadership of
Mr. Forrest Adair, came to their aid, and
the Scottish Rite Hospital for Crippled Chil-
dren was founded in 1915. Operations were
performed at Wesley Memorial Hospital for
the next 4 years, and the children returned
to the home for convalescent care as soon
as their condition permitted. In 1919 the
present building was built, and it became a
complete hospital with an outpatient clinic,
operating rooms, x-ray department, physical
therapy department and school. Dr, Hf:ke
considered this hospital to be his most im-
portant contribution to humanity. He was
one of the chief financial contributors to the
new hospital and was surgeon-in-chief until
his retirement in 1927. It was here that he
worked out many of the procedures that
were to perpetuate his name.

It was the Scottish Rite Hospital in De-
catur that inspired the Shrine of North
America to form a chain of Crippled Chil-
dren’s Hospitals over the United States,
Canada, Mexico and Hawaii. Seventeen
hospitals are now carrying on the work of
treating crippled children that was statfed
by Dr. Hoke and Mr, Adair jn Decatur. D}'.
Hoke was one of the first 5 orthopaedic
consultants for the Shriners’ Hospitals. One
of his stipulations was that they always be
kept free of city, state or university involve-
ment.

The highest honor obtainable in Scottish
Rite Masonry was awarded Dr. Hoke on
October 16, 1923. His patent, hanging in
the hospatal, states that he received this 33rd
Degree “because of the extraordinary serv-
1ces rendered the Scottish Rite in the devel-
opment of the Hospital for Crippled Chil-
dren.”

Later, Dr. Hoke served for a number of
years on the Advisory Board of the Alfred
I DuPont Institute for Crippled Children at
Wilmington, Delaware.
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In 1931, the University of North Caro-
lina conferred on Dr. Hoke the honorary
degree of Doctor of Laws. In the same ycar,
President Roosevelt ofiercd him the post of
medical director of the Institwte for the
Treatment of Infantile Paralysis at Warm
Springs, Georgia. It was a difficult decision
for Dr, Hoke to make—ta give up his pri-
vate practice in Atlanta and becone the full-
time medical director of a convalescent hos-
pital that had no operating facilities. Finally,
on the President’s insisience, he went to
Warm Springs. However, he did drive the
75 miles back to Atlanta to do the necessary
operations on some of the patients until an
operating room was completed at the Foun-
dation. Dr. and Mrs. Hoke lived in the
“Little White House™ at Warm Springs,
vacating it only when the President visited
the Foundation, By 1935, Dr. Hoke con-
sidered that his work had been completed
at the Foundation and returned to his private
practice in Atlanta,

From 1914 to 1917, Dr. Hoke worked
on a method of stabilizing paralytic feet. At
that time various procedures were being
reported for this purpose. In his paper de-
scribing an operation for stabilizing paralytic
feet, he states:

We have regarded tendon transplantation
done alone as hanical We have regarded
the fixation of tendons to bone to control lateral
deformity and lateral mobility as unmechanical,
and we have, therefore, done no operations of
this nature. We have done no silk insertion
operation for this purpose, for we did not be-
heve they would bold against the powerful body
weight thrust. We have not done Davis® opera-
tion, for it 1s done blindly and does not take into
consideration the architectural details which we
think are fundamental. Astragalectomy is cer-
tauly an objectionable operation.

We beleve a stable skeletal foundation is
necessary. After paralysis the patient walks on
a umversal joint over which he has no control.
We thuink 1t 15 necessary to do away with the
vniversal jout motion. Thete is motion mn three
places. the ankle joint, the subastragaloid joint
and the astr hoid jomnt. It s Y
to stabilize the subastragalosd and the astragalo-
scaphoid joints.

Originally, Dr. Hoke did not resect the
calcancoctboid joint, but shortly after 1921
he included this joint, making a triple anhx:od-
esis, His operation differed from the triple
arthrodesis of that day by removing the bead
and the neck of the astragalus and replacing
it in different positions according to the dif-
ferent types of deformities in order to restore
the norma) weight thrust to the bones of the
foot. From 1917 to 1921, when he reported
his opcration, he performed his stabilization
opersation on 104 cases at the Scottish Rite
Hospital,

Dr. Hoke tested a new procedure thor-
oughly before he reported it. He developed
a “clubfoot plastic® operation, in which he
cut through the neck of the talus immedi-
ately distal to the body and shifted the head
medially to restore the normal alignment
and weight thrust. Because of the technical
difficulty in anchoring the head in the de-
sired position, this operation was not
reported.

He was also interested in scoliosis and
devised several different types of plaster
jackets with a Jever and hinge to make pres-
surc on the prominence over the ribs. He
also experimented with a derotation table
for the correction of scoliosis. This was very
much like the table reported about the same
time by Galeazzi. Derotation jackets were
given up later, and traction jackets were used.

Omne of his most useful devices was his
“well-leg traction apparatus,” which was
used to treat fractured femurs, to correct
flexion contractures of hips, and fo pull
down congenital dislocation of hips before
reduction.

In 1924 he devised and described in the
Piedmont Hospital Bulletin an operation
for recurring dislocation of the shoulder. He
drilled a tunnel through the greater tuberos-
ity of the humerus and passed a cord of
fascia lata through this and anchored it to
the acromion process.

Dr. Hoke was interested in the treatment of
cerebral palsy. In 1924, with Dr. Charles
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ity of the humerus and passed z cord of
fascia lata through this and anchored it to
the acromion process.

Dr Hoke was interested in the treatment of
cerebral palsy. In 1924, with Dr. Charles
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E. Dowman, he published a paper on the
treatment of spastic paralysis in which he
described the various orthopaedic procedures
that could be used in these cases.

Dr. Hoke’s mechanical genius is demon-
strated best in his interpretation of the
mechanics of a foot, as he explained the
forces at work in the very relaxed flatfoot.
He showed that the anterotibial, the postero-
tibial and the flexor hallucis longus tendons
held up the arch of the foot if the cunco-
navicular articulation were stable. Should
this joint not be stable, the muscles men-
tioned had no lever and could not hold up
the arch. By fusing this one joint, no stiff-
ness was added to the foot. He performed

this operation first in 1923 and reported it
in 1931.

In 1937, at the age of 63, he retired from
practice in Atlanta for reasons of health and
moved with his family to the lovely old town
of Beaufort, South Carolina. Their home was
known as “Windy Marsh.” He died on Sep-
tember 24, 1944,

Dr. Hoke’s contribution to the treatment
of cripples did not cease with his death; it is
perpetuated in the use of the operations that
he devised. His inspiration as a teacher
continues in the men who had the privilege
of working with him; they were instructed
thoroughly in the fundamentals of the me-
chanics of orthopaedics and have contrib-
uted much to orthopaedic literature.
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The Signiﬁ'cance of Growth
in Orthopaedic Surgery”

RoserT B. DuThig, Cu.M., FR.CS.E.{

In the orthopacdic care of children we are
particularly concerned with abnormalities
and discases that affect a growing individual.
Growth has been defined by Weiss™ as a
developmental increase in the total mass and
size of the body. Moreover, growth has to
be differentiated from development in which
there are maturation and differentiation of
tissues and organs necessary for the forma-
tion and the completion of the whole indi-
vidual.

Many orthopaedic abnormalities and con-
ditions are aggravated by or result from
growth and its disturbances. It is important
to correlate the natural history of the disease
process with the growth pattern so that the
etiology, the treatment and the prognosis
can be defined more accurately. Orthopae-
dists are m a position to follow and to
observe normal growth sequences as well as
disease processes in childhood; therefore,
they can contribute to this subject which
encompasses other disciplines of biology,
anthropology, medicine and endocrinology.

The purpose here is to review very briefly
the physiologic and the endocrinologic

* This work was carried out while the author was
a member of the External Scientific Staff of the
Medical Research Council at the Royal National
Orthopaedic Hospital, London. He is indebted to
Mr. H. 1. Seddon, CM.G, D.M , FR CS, for help
and encouragement mn preparing this material.

1 Professor of Orthopaedic Surgery, The Univer-

sity of Rochester School of Medicine and Dentistry,
Rochester, N. Y,

background of skeletal growth and to con-
sider various orthopaedic conditions with the
known growth patterns.

SKELETAL GROWTH

Method of Studying Skeletal Growth.
Many studies of growth, or development,
have been carried out during the past half
century, but it is now realized that standardi-
zation of methods and expression of data
with statistical testing is essential, The signi-
ficance of results from the more commonly
carried out cross-sectional studies and from
longitudinal studies has been clearly de-
scribed by Tanner®! and Ellis.™ Cross-sec-
tional studies are carried out more quickly
when measurements of trunk and leg lengths,
pelvic and shoulder diameters, etc., are taken
from numerous children of the same age
group. Although they require a greater
number of original cases for accurate analy-
sis, they have provided much information of
mean height and other such standards of
growth. Longitudinal studies in which simi-
lar measurements are obtained from the
same child over successive time intervals
during growth require less statistical proof
and have more significance even in small
numbers. From these one can study rate of
growth or change; ie., growth velocity, as
well as the various mean standards. But,
more importantly, it is this type of study that
orthopaedists can carry out.

Results of Growth Studies. The oldest
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(Data from Simmons, K.: Physical Growth and Development, Monogram, Society

Research Child Development 9:1)

and most classic longitudinal study was car-
ried out between 1759 and 1777 by de
Montbaillard upon his own son.2* In this
the exponential fall in the growth curve is
halted twice: firstly, between the ages of
5% and 7 years, this period being called
the mid-growth spurt (Tanner’!), and, sec-
ondly, between 13 and 15 years, this being
called the adolescent growth spurt. This has
been confirmed by extensive cross-sectional
studies of Simmons®* and 1s 1illustrated 1n
Figure 1. Although much information has
been obtained about the adolescent period,
relatively Dittle is known about the mud-

growth spurt. In orthopaedics many of our
problems originate n the mid-growth spurt
period or are aggravated by factors that
produce it.

SEX DIFFERENCES IN TOTAL STATURE.
Although boys may be slightly larger at birth
and may grow slightly faster during the first
year, between the ages of 1 and 9 years the
growth velocities in both sexes are the same
(Shuttleworth?6 and Simmons and Todd*).
The gl at her adolescent growth spurt,
which occurs 2 years earlier than in the
boy, ie., from 11 to 13 years, grows faster
and larger before slowing up to become
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To reduce this varation, the concept of
physiologic or developmental maturity was
reintroduced by Crampton.® This 1s based
on the time of the appearance of secondary
sexual characteristics, of the menarche and
of the dental and the skeletal age of the
thild. The skeletal age is obtained by the
aging of a standard roentgenogram, usually
of the wnst and the hand, against a wide
selection of standard age groupings cover-
ing the growing period by Todd** or by
Greulich and Pyle.1°

FACTORS AFFECTING SKELETAL GROWTH
During the Prenatal Period

Genetic. These inherited factors may
cither affect the whole individual pnimarily
by an effect upon the essential metabolic
processes of skeletal tissue or secondarily
by their direct effect upon the endocrine
glands. Crew* has shown experimentally
that the age of onset of puberty, which regu-
lates the final size, is controlled by genetic
factors, but this has not yet been proved in
human beings. Genetic studies of families
have shown that such conditions as achon-
droplasia, osteogenesis imperfecta, chondro-
dystrophy, spina bifida and congenital dis-
location of the hip result from a single gene
mutation with or without added environ-
mental factors. The genetic influences upon
normal somato-type groupings are also well
appreciated,

Maternal Nutritional or Vitamin De-
ficiencies, Toxemia, Damage or Disease.
Any of these may affect the embryo directly
or by changing its essential environment
with effect upon its subsequent growth, This
is well illustrated by an athyrotic, or hypo-
thyroid, state of the mother, resulting in the
birth of a cretin with abnormality of both
its osseous development and growth. Al-
though viral infections in the mother during
the early weeks of pregnancy have been re-
lated to appearance of eye and ear defects
in the fetus (Gregg®), no skeletal defects
have been associated with such infections.
Similarly, irradiation to the mother 1s
thought to produce fetai abnormality or

malignancy by genetic mutation or by pro-
ducing direct metabolic changes in the cells,
The occurrence of prenatal irradiation, viral
infections or threatened abortion has been
shown by Stewart, Webb and Hewitt®® to be
considerably higher in children dying of
malignancy than among live children. Yet
fetal irradiation does not seem to account
for the recent increase in malignant disease
in childhood,

Duraiswami® has demonstrated experi-
mentally in chick embryos the teratogenic
effect of nsulin, producing numerous con-
genital defects, particularly of the skeleton,
These also can be produced by numerous
unrelated agents. However, no human ab-
normality has ever been related to any simi-
lar metabolic disorder, although insulin is
regarded as an essential hormone for growth,
For many years it has been known that in
the East a diet of sweet-pea meal will pro-
duce skeletal abnormalities in man'® and
ammals,'® but no such dietary factor has
been discovered 1n the West in humans.

During the Postnatal Period

Environmental, sociologic, climatic
and facial factors influence the age of
onset of puberty.

Genetic factors continue to be operative.

Nutritional or dietary deficiencies of
calcium and phosphorus and vitamins
A, C and D are well-known disorders that
produce disturbances of calcification and
ossification. Sufficient intake of protein or
essential amino acids and 10dine is neces-
sary for the functioning of endocrine glands,
such as the pituitary and the thyroid, as well
as for the formation of tissues during growth
1t appears that a minimum dietary mtake of
calories prevents stunting. Diseases of the
pancreas, the liver or the kidney can disturb
the intake and the output of essential metab-
olites, thereby producing maldevelopment.

Infections, Malformations and Vas-
cular Insufficiency Diseases. Chronic an-
oxemia from pulmonary or cardiac disease
can produce dwarfism. Destruction of motor
nerve cells by the poliomyelitis virus will
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produce stunting or disturbance of skeletal
growth, Ring* has shown how the degree
of limb shortening is proportional to the
extent of the paralysis: there is Joss of muscle
bulk, with consequent vascular insuffi-
ciency, which retards the growth of bone.

Hormonal. Until puberty, when there is
marked sexual maturation and growth fol-
lowed by the adalescent growth spurt, there
is no real difference in the growth patterns
between bays and girls. This “asexual”
period of growth is concerned mainly with
the anabolism of proteins under the influ-
ence of the growth hormone of thyroglobu-
lin and, to a lesser extent, of insulin. Their
synergistic actions have been described by
Hubble and result from secretions by the
anterior pituitary gland under the influence
of the hypothalamus, During this period the
presence of adrenotropin hormone is also
recorded, but it is not considered to func-
tion until the next phase of growth, when it
is responsible for the secretions of androgens
and adrenocortin hormones.

At puberty and until maturity there is
added to these hormones, which now are
gradually dimnishing 1n amount and action,
the secretion of gonadotropin from the pitu-
tary. This results in the production of an-
drogens, estrogens and progestin (Fig. 3).

Studies by Wilkins?® and others have dem-.
onstrated the influence of these hormones
on the growth and the development of the
human skeleton. Many workers have pro-

duced hormonally, in vivo as well as in vitro,
changes in the time of appearance of the
epiphyseal centers and in their subsequent
development and fusion. The direct action
of hormones on the epiphyseat plate, as well
as on growth in general, was reviewed re-
cently.** However, there still is much un-
certainty as to how, when and where the
varjous hormones act on the skeleton.
Because the growth hormone has no rec-
ognizable “target” organ, it is difficult as yet
10 assess even its indirect actions, although
experimentally it has been shown that it
dircctly stimulates tissue synthesis from
amino acids.*> The time of its action is still
unknown, although Wilkins* has suggested
that it does not act until the third or the
fourth year, since a hypopituitary dwarf does
not exhibit stunting until this time. If this is
so, the appearance of the growth hormone
may produce the “mid-growth spurt” phase
and may produce abnormality of skeletal

cells as they first become exposed to its
action.

THE SIGNIFICANCE OF GrowTH IN
CERTAIN ORTHOPAEDIC CONDITIONS
The Osteochondroses

These conditions, affecting various parts
of the growing skeleton, have been grouped
together because of one common feature-—
they occur in the cartilage of an epiphysis
that is undergoing ossification, King® and
Gofi® have described in detail from a volu-
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minous literature their pathogenesis and
possible therapy. Here we are concerned
only with the relationship in time of their
occurrence to the general growth of the af-
fected child. It should be appreciated that
the ages stated in Table 1 are chronologic,
rather than physiologic; sex differences in
incidence are poor, and, therefore, marked
variation must occur. Even so their consid-
eration indicates that

(1) the condition develops shortly after
the appearance of ossification in the epiphys-

eal nucleus-—e.g., in Legg-Calvé-Perthes dis-
ease at 4 years and in Osgood-Schiatter
disease at 11 years;

(2) it occurs during or immediately be-
fore either the mid-growth spurt or the ado-
lescent growth spurt—e.g., Perthes’ disease
occurs during the mid-growth spurt, and
Scheuermann’s disease is closely followed by
the adolescent growth spurt, which may
aggravate it;

(3) becausc of their earlier maturation
such conditions might be expected to occur
carlier in girls, and this is seen in Scheuer-
mann’s disease and Osgood-Schlatter disease.
Similarly, the osteochondritic process should
stop earlier in girls, and this is commonly
found in Perthes” disease.

Although rapid growth is generally re-
garded as making epiphyses more suscep-
tible to infection and trauma, Goff consid-
ered that children who had Perthes’ disease
exhibited “decelerated growth” However,
by relating the clinical onset of the osteo-
chondroses to the growth spurts, one point
is clear—they are exposed to intensive
growth factors.

Many causes — genetic, infective, trau-
matic and hormonal—have been suggested,
and Figure 3 indicates the various known
hormones that influence skeletal growth and,
therefore, may affect the development of
this condition A deficiency of thyrotrophic
hormone has been suggested, and Wilkins®?
describes a dysgenesis affecting all epiphyses

as a sign of hypothyroidism. The growth
hormone is implicated in that 1t appears to

act at about the time of onset of the mid-
growth spurt. The difference in sex inci-
dence is not marked enough to suggest any
influence by the gonadotrophic hormones

Most pathologic studies indicate that os-
teochrondrosis is associated with avascular
necrosis of the epiphysis with fibrosis in the
metaphyseal region.!! However, most patho-
logic studies of the condition are incomplete,
having been based upon fragmentary biopsy
material. Because of this and its relation to
growth pattern, it is suggested that this dis-
ease may be produced by a hormonal
change, such as the appearance of the
growth hormone, causing a generalized ab-
normal and extensive proliferation of osteo-
genic cells. A quickly built up nutritional
demand by these cells in one epiphysis may
be unanswered by the inadequate develop-
ment or supply of blood vessels because of
trauma to that particular epiphysis. This
results in differentiation of primary mesen-
chymal cells into fibroblasts rather than to
osteoblasts, and fibrosis occurs in the meta-
physeal aspect of the epiphysis. This will
then produce further ischemia of the epiphy-
sis and the formation of partial or total
avascular necrosis. Hypertrophy and hyper-
emia of the ligamentum teres has been de-
scribed, and this may be a compensatory
attempt to relieve the avascular lesion.

Although osteochondritic conditions have
been described elsewhere 1n the skeleton,
their rarity in comparison with those affect-
ng the spine and the lower limbs indicates
that the transmission of body weight and
minor stresses arc also important contribu-
tory causes.

Osteogenic Sarcomata

In recent years, critical analyses of the
distribution, the histology, the age and the
sex incidence have been carried out by
Price" in carefully collected series of bone
sarcomata. The chronologic age and the
sex distribution of these tumors will now be
considered in relation to the patterns of
skeletal growth.
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TapLe 1. THE OSTEOCHONDROSES WITH THEIR AGE AT DIAGNOSIS, SEX INCIDINCE
AND THE AGE OF APPEARANCE OF THE Ertrnvses*

USUAL AGL.  RANgGE oF YEAR OF
OSTEOCHONDRITIS OF AT Aot Srx ADPPEARANCE
DIAGNOSIS  INCIDENCE  INCIDENCE  OF Ep1pHYSIS
Male Female
Upper femoral cpiphysis
(Legg-Calvé-Perthes disease) ... 59 31415 M>F 1 Ve
Tuberosity of tibia
(Osgood-Schlatter disease) ...... 12-15 10-23 M>F 111
Navicufar bone
(Kahler's disease} oo ooaee e 3-8 212-10 M>F 2.4 24
Calcanean tubercles
(Haglund's disease) ...,ou.ovn fr4-18 822 M>F 10 8
Head of second metatarsal bone
(Freiberg’s disease) ......... ve 10-18 1045 F>M 3 2
Upper and lower epiphyses of
vertebrac (Scheuermann’s disease) 10-21 _— M>F 10 10

* King, E. S. J.: Localized Rarefying Conditions of Bone As Exemplified by Legg-Perthes Disease,
Osgood-Schlatter Disease, Kiimmell's Disease and Related Conditions, London, Arnold,
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TABLE 2. AGE AND SEX INCIDENCE OF OSTEOGENIC SARCOMA WITH THEIR NUMBER
AND PERCENTAGE IN THE SERIES IN RELATION TO THE POPULATION AT Risk*

YEARS
04 5-14 1524

Males:

Number of osteogenic sarcomata in seres, . — 25 42

% Tumors 1 series . . — 34.6% 51%

% Population at risk . 13.8% 29.1% 30.3%

Incidence % tumor in population ......... — 12 1.88
Females:

Number of osteagenic sarcomata in series. . -— 24 22

% Tumors in Seres ....... ..., . — 50% 45.7%

% Population at risk . 12.9% 28.2% 307%

Incidence % tumor m populauon ......... - 1.8 15

* Price, C, H. G.: Primary bone-forming tumors and their relationship to skeletal growth, J. Bone &

Jomt Surg, 40-B:574-593,
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Price® has shown from data of the British
Empire Cancet Campaign serics (1949)
and the Bristol Tumor Register scrics
(1949) that the maximum incidence of os-
teogenic sarcoma in the female occurs be-
tween the ages of 5 and {4 years, whercas
in the male the maximum incidence is be-
tween 15 and 24 years (Table 2). On relat-
ing this incidence to the growth pattern, it
appears that bone sarcoma develops mainly
after the mid-growth spurt in females, but
not until after the adolescent growth spurt
in males. However, the relative incidence is
high in both sexes after the mid-growth
spurt, which may imply that the tumor has
been present for some time and is aggra-
vated by the factors producing the mid-
growth spurt. Up to puberty there is little
growth diffcrence between boys and gitls;
however, there is a difference in the inci-
dence of this tumor. This may result {from
the earlier onset of the adolescent growth
spurt in girls, which results in the earlier
appearance of sarcoma. But it is uncertain
whether this results from the physical in-
crease in growth or from the change in hor-
monal secretion, or from both. Unfortu-
nately, the duration of growth of osteogenic
sarcoma before diagnosis is not known;
therefore, its origin and aggravation by the
various growth factors cannot even be sur-
mised. It is of great importance to attempt
to relate the appearance of this tumor 1o the
hormonal influences active at that time,
especially the growth hormone. This will
require an accurate appraisal of the child’s
physiologic age and status on diagnosis of
this lesion and any subsequent change in it
during the period of observation,

Scoliosis

In order to study the early deterioration
of this condition before adolescence, the fol-
lowing clinical review was carried out.

Material. From a very Jarge number of
scoliosts patients attending the Royal Na-
tonal Orthopaedic Hospital, London, the
records of 10 were selected for analysis.

This selection was based on an adequate
duration and record of observations of curva-
tures that had the following propertics:

1. Infantile idiopathic type—S boys and
5 girls,

2. Average extent of primary curve—tho-
racic 6 to throracic 12 (range thoracic 4 to
fumbar 1),

3. Main curvature to the Jeft,

4, Observed from the age of 2 years
(average age of diagnosis 1¥2 years) wntil
the average age of 12 years (range 10-15
years), when sexual maturity cnsued or
treatment was begun,

Repeated measurements of the curves on
radiographs were carried out using the fol-
lowing method of Ponscti.?? The upper and
the lower limits were identified by choosing
intervertebral spaces that were of equal
width or wider toward the concavity, with
the vertcbrac above and below being neutral
without rotation, In this longitudinal study
some crror in measurement may have oc-
curred, but sufficient accuracy was obtained
in that all measurements were carried out
on standard radiographs over at least 7
years, using the same method. Also, all the
radiographs of the same child were available
on each measuring.

This particular type of curvature was
chosen for study because, although it makes
up only about 10 per cent of all cases of
scoliosis (James®?), it is exposed to the
total effects of growth throughout its natural
history. Because of this it has the worst
prognosis, being most progressive and severe
of all curvatures (James'*). In this series,
because the same range of vertebrac was
involved, this curvature is regarded as being
the same entity, whatever its cause and,
therefore, should behave in a comparable
manner,

Results. The total curvature that devel-
E)p'e.d averaged 97° (57°-144° range), the
ml}ml curvature on radiographic diagnosis
being 28° (range 14°-47°). The data from
this long_\tudinal study has been expressed
In graphic form (Figs. 4 & 5). This shows
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the yearly increase in the degree of curva-
ture as a ratio of the total curvature that
developed, along the vertical axis, against
the chronologic age of the child on the hori-
zontal axis. The total range of all measure-
ments is expressed vertically and the mean
average as the central point of this line.

From the present study in both sexes, al-

though of very small numbers and without
statistical significance, it is seen that the
maximum deterioration occurred up to the
age of 4 years. There was a further increase
in the rate of deterioration from 6 to 9 in
the male child and 7 to 11 years in the fe-
male child. There appears to be a more
severe deterioration in the male at this age,
whereas in the female the deterioration con-
tinues for a longer period. The variation in
the range at each age is in keeping with the
general clinical opinion of marked variation
among different children in their age of onset
and resulting severity of deterioration, It
should be noted that the data charted are
based upon the chronologic age of the chil-
dren, but on correction to their skeletal age
this same pattern of detenoration is main-
tained. The chronologic age was used so that
comparison with the mean annual increment
figure of sitting height from the Brush Proj-
ect of Simmons?* (1944) could be carried
out,

Steindler (quoted by Crowe®) described
the maximum detenoration in scohosis gen-
erally as occurring between the ages of 1 and
2 years, 5 and 10 years, and also at puberty
because of the rapid growth of the spine at
those times. However, if we consider the
yearly increase in the sitting height represent-
ing mainly vertebral growth, seen as a broken
line in Figures 4 and 5, the imtial severe
deterioration of the scoliosis curvature oc-
curred at the same period (i e., prior to the
mid-growth spurt at 5 to 7 years) There
was no definite deterioration associated with
the adolescent growth spurt period of 11 to
13 in the female or 13 to 15 in the male
adolescent. This suggests that the first dete-
rioration phase accompames rather than re-

sults from the mid-growth spurt. It is more
likely that it is aggravated by the factors pro-
ducing growth as well as the mechanical fac-
tors associated with standing. The second
deterioration of the curvature may result
from the factors producing the mid-growth
spurt that it follows closely,

Scott and Morgan® also in a small series
of cases considered the prognosis of the in-
fantile scoliosis curvature but without any
sex difference in its deterioration. They also
emphasized the different patterns of deterio-
ration that resulted from differing ages of
onset but observed that the rate of deteriora-
tion was fairly constant at whatever age it
began. It is of interest in the present series
that there was little sexual difference in dete-
rioration velocity patterns, and this confirms
that up to puberty the skeletal response 10
hormonal, mechanical and unknown factots
is the same. However, the progression in the
degree of curvature was not constant, having
two peak velocities, when it was related to
the total curvature that had developed. At
the adolescent growth spurt, the deteriora-
tion patterns do differ in the sexes, afld 'hjf
aspect has been dealt with by Risser,™
Ponsetil” and Calvo,®

It is obvious that for greater definition of
this problem it is essential to know the
physiclogic age and maturity of the child
before we can discover the various inherent
factors producing this deterioration, theit
cause or efficient treatment.

SUMMARY AND CONCLUSIONS

1. The siguificance of growth to the fur-
ther understanding of orthopaedic conditions
has been emphasized and illustrated by con-
sidering the occurrence of osteochondroses
the incidence of osteogenic sarcoma and the
increase in the curvature of infantile idio-
pathic scoliosis.

2 Methods of studyng skeletal gmv{‘h
by cross-sectional and Iongitudinal studies
have been defined, the latter method of studly
beng regarded as important in orthopaedic
practice.
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3.

The results of various physiologic

studics on growing children arc given with
a bricf description of the various factors that
affect the skelcton in the prenatal and the
postnatal periods of growth, . .

4. In a longitudinal study of infantile
idiopathic scoliosis, increase in the curvature
occurs with two main peak velocities: firstly,
soon after diagnosis at the age of 2 to 4
years, and it is related to a growth spurt in
the normal sitting height increment; scc-
ondly, at the age of 6 to 9 years in boys and
6 to 10 in girls. This peak is not associated
with any growth spurt in sitting height but
follows closcly the mid-growth spurt. The
adolescent growth spurt does not appear to
have much influcnce on this particular form
of scoliosis, since the maximum deterioration
has taken place before this period.

°

. Crowe,
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Le Signification del Crescentia in le Chirurgia Orthopedic

Summario in Interlingua

In patientes pediatric, multe anormalitates
e conditiones orthopedic es aggravate o
mesmo producite per le crescentia e su dis-
turbationes. Il es importante correlationar le
historia natural del processo pathologic con
le configuration del crescentia de maniera
que le etiologia, le therapia, ¢ le prognose
pote esser definite plus accuratemente.

Le configuration crescential pote esser
studiate  “horizontalmente” per obtener
mesurationes ab numerose individuos del
mesme gruppo de ctate o “‘verticalmente”
per obtener mesurationes ab le mesme in-
dwiduo a successive periodos de tempore.
Le avantages de iste duo methodos as com-
parate brevemente. Le resultatos de tal
studios crescential es describite. In isto,
mention es facite del intense crescentia
pueritial que occurre inter le etates de 5 €
7 annos ¢ del intense crescentia adolescential
que occurre 1nter le etates de 13 e 15 annos.
Le normal differentias in lc intensitate del
crescentia del statura total e in le intensitate
differential del crescentia del trunco e del
gambas es comparate, e le 1mportantia
del concepto del maturitate physiologic e del
etate skeletic es sublineate

Factores que cognoscitemente affice le
crescentia skeletic durante le periodo pre-
natal ¢ alteres que age durante le periodo

postnatal es listate In isto, attention special
es prestate al factores hormonal.

Tres non-interrelationate conditiones or-
thopedic es describite con respecto al maturi-
tate disveloppamental ¢ al configurationes
crescential que es characteristic de illos.
Primo, le osteochondroses—reunite in un
sol gruppo proque illos occurre in cartilagine
epiphysee durante su ossification—es studi-
ate ab le puncto de vista de lor distribution
secundo le etates del patientes al tempore del
diagnose e etiam ab le puncto de vista de lor
incidentia sexual e del configuration crescen-
tial associate con illos. Es constatate que le
majoritate de iste conditiones es relationate
mtimemente con le un o le altere del perio-
dos de intensitate crescential, ie, illo del
intensitate crescential del pueritia o illo des
intensitate crescential del adolescentia. Es
presentate un conception del pathogenese
de morbo de Perthes. Secundo, sarcomas
osteogenc esseva analysate in recente annos
con respecto a lor distribution e lor inci-
dentia secundo le etate e le sexo del pa-
tientes. Ben que 1l non existe grande diffe-
rentias ante le pubertate inter le crescentia
de pueros e 1llo de pueras, le duo sexos non
ha le mesme ncidentia secundo le etate pro
le tumor mentionate. Le incidentia maximal
de sarcomas osteogene pro femininas occurre
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inter lc ctates de 5 ¢ 14 annos, durante que
in masculos lc correspondente incidentia
maximal occurre inter le ctates de 15 ¢ 24
annos (Price, 1958). Il non cs clar si isto
resulta ab le facto que le crescentian physic
de pucros continua durante un plus longe
periodo de tempore o ab alterationes del se-
cretion hormonal o ab ambe iste causas,
Finalmente, esseva mesurate Ie deterioration
del curvatura in un gruppo pauco numerose
de casos de scoliosis idiopathic infantil, Le
studio vertical csseva continuate ab le ctate
de 2 annos usque al etate—al media—de 12
annos quando le maturitate sexual se decla-
rava o quando le tractamento esscva comen-
ciate. Le mentionate typo de scoliosis esseva
seligite proque in illo le curvatura es expo-
nite al effectos del crescentia durante su
integre historia natural. Iste studio monstra
que le deterioration maximal occurre ante

le ctate de 4 annos, sequite per un nove in-
tensification det deterioration inter le ctates
de 6 ¢ 9 annos in pucros ¢ inter le ctates de
7 ¢ 11 annos in pucras, Le prime deteriora-
tion accompaniava le intensitate crescential
del pueritia ¢ non resultava de illo. If cs
plus probabile que illo esseva producite per
factorcs de crescentia ¢ ctiam per factores
mechanic del genere associate con Ie statura
crecte. Le sccunde curva de deterioration
esseva possibilemente le resultato de factores
que produce le intensification pueritial del
crescentia e qual illo sequeva directemente.

Il es obvic que un plus precise definition
del conditiones orthopedic de paticntes pedi-
atric require informationes rclative a lor
maturitate physiologic ¢ al configuration de
lor crescentia. Sin tal informationes nos ha
nulle spzro de comprender le varie factores
que causa o aggrava iste conditiones.
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Congenital Absence of the Fibula

WILLIAM D, ARNOLD, M.D.*

The treatment of a child with congenital
absence of the fibula is based upon an under-
standing of the nature and the usual course
of this syndrome. The use of the term con-
genital absence of the fibula is ill suited to
the description of the anomaly that bears its
name, emphasizing as it does only one aspect
of a complex of congerital malformations.
These include, in addition to partial absence
and complete absence of the fibula, shorten-
ing of the extremity, bowing of the tibia and
associated anomalies of the foot.

The fibula is the long bone absent most
commonly,! and the syndrome of congenital
absence of the fibula is not infrequent in
centers treating orthopaedic  disorders.
Within recent years there have been 3 re-
ports dealing with approximately 30 cases
each of the syndrome. The reader 1s referred
to these sources for detaled descriptions of
the deformities and case reports.*12

DESCRIPTION OF ANOMALY

The anomaly presents a characteristic
chinical picture 1n which the following fea-
tures occur so frequently that one may
expect to find all present in a typical exam-
ple (Fig. 1). These are.

1. Gross shortening of the extremity. In
an adult of average size, at least 5 inches of
leg shortening may be anticipated. The
shorteming, while most obvious below the

* New York, N. Y.
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knee, is present to a lesser extent in the
femur as well.

2. Anterior bowing of the tibia. The
bowing generally exceeds 30° in untreated
extremities and usually persists jf allowed
to remain uncorrected. This contributes to
the over-all shortening of the extremity and
interferes with walking with or without
the use of a prosthesis. The bowing is at the
level of the junction of the middle and the
distal thirds of the tibia. Occasionally medial
bowing is present as well.

3. Equinovalgus deformity of the foot.
This is charactenistic and persistent. In un:
treated examples the heel may be posteriot
and parallel to the axis of the distal tibia.

4, Absence of one or more metatarsal
rays.

5. A skin dimple over the apex of the
tibial bow in over 50 per cent of the cases.

In addition, congenital anomales else-
where are found with increased frequency in
this group of patients. Not unusual are as-
sociated developmental defects of the upper
extremities Bilateral congenital absence of
the fibula is present in about 30 per cent of
the cases. (When umilateral, the night side
is involved more frequently.)

Coventry and Johnson have proposed 2
classification based upon extent of deformity
and associated anomalies,* However, it
would seem best to consider congenital ab-
sence of the fibula in terms of a gradient of
deformities ranging from an extremity with
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partial absence of the fibula, 1 to 2 inches
of shortening, a straight tibia and a normal
foot to a severely crippled limb mar}\cd by
a partial femoral absence, severe tibial m!d
foot deformitics and associated anomalics in
other extremitics.

The roentgenographic  picture  of ) fhc
anomaly is also characteristic. In addition
to the absent or hypoplastic fibula, the
bowed tibia is clearly visible with a thick-
encd cortex on the concavity of the bow. In
contradistinction to the pre-pseudarthrosis
state of congenital pscudarthrosis of the
tibia, the medullary canal is present, The
distal tibial epiphysis is small and irrcgu]ar;
often this is true of the upper tibial epiphysis
as well. Therc may be hypoplasia of the
patella and various anomalies of the femur
ranging from simple minimal hypoplasia
(most frequently) to absence of portions of
the bone. Usually there is fusion of the talus
and the os calcis and frequently the navicu-
lar as well into one bony mass. The cuboid
may either be absent or also incorporated
into the tarsal bone mass. Nearly always
there will be absence of one or more meta-
tarsal rays, and frequently anomalies of the
toes are present. Ossification centers are
delayed in appearance throughout the ex-
tremity, and it cannot be stated with cer-
tainty that the fibula or any of the tarsal
bones are absent until after the fifth year
(Fig 2, left & center).

Anatomic studies of this anomaly are few,
but they have provided valuable information
in developing a plan of treatment.” The im-
portant finding, confirmed several times at
surgery, is the presence of a definite stout
thick fibrous or fibrocartilaginous band of
tissue continuous with the lateral border of
the intermuscular septum and probably rep-
resenting the anlage of the absent fibula
(Fig. 2, left & center). The band extends
from the upper tibia to attach to the lateral
and posterior margin of the os calcis. Often
it adheres closely to the distal tibia, In many
patients the band may be palpated as a taut
structure lateral to the heel cord. The pero-

Fi6. 1. Congenital absence of the fib-
ula. A severe but typical example of the
untreated deformity in a 12-year-old boy.
A satisfactory end-bearing stump was ob-
tained by a Peabody osteotomy followed
by Syme’s amputation.

neal muscles and the extensor hallucis longus
arise from the band. The peroneus  brevis
may be absent, but generally there are no
gross abnormalities of the nervous or the
vascular structures of the limb, In the foot,
when rays are absent, the remaining Jateral-
most ray has been found to correspond with
the fifth toe, normal intrinsic musculature of
that toe being present,

The etiology of congenital absence of the
fibula is not known. There js little to sug-
gest a hereditary factor in most of the re-
corded cases. Normal embryologic studies
point to a developmental accident to the

/
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Fia. 2. (Left) Dissection of specimen with congenital absence of the fibula In this
leg the tibia was straight. The relatively small band is indicated by the arrow. Note
the single peroneal tendon (peroneus longus). Although there are only 4 toes, the
lateral ray is provided with the normal intrinsic musculature of the fifth toe. (Right)
Specimen cleared further (lateral and posterior views). Note the relationship of the
band to the interosseous membrane and its distal attachments to the os calcis and the
tibta  The talus, the os calcis and the cuboid are present as a single tarsal bone mass.

embryo at about the fifth or the 6th week
of ntra-utetine life. Similar anomalies have
been produced experimentally by a variety
of means. For the results of these studies,
the reader is referred to the classic experi-
ments of Bagg® and also to those of War-
kany' and Duraiswami® Attention is also
directed to the observations of Freund® and
Middleton® with respect to the etiology of
this syndrome

TREATMENT

The aim of treatment of a patient with
congenital absence of the fibula is to provide
an extremity equal n length to its mate and
suitable for plantar weight-bearing. The im-
portance of correcting the position of the
foot to allow weight-bearing on tough plan-

tar skin cannot be overemphasized. All
treatment must be individualized in view of
the range of deformities that may exist.
However, certain methods have proven to be
of value and may be adapted to the majority
of cases. For the purposes of this discussion
it is easiest to consider the therapy of each
important component of the anomaly sepa-
rately,

TiBIAL BOWING

The tibial bowing must be corrected if it
15 50 severe that it prevents plantar weight-
bearing. In addition, it is a factor in pro-
ducing leg-length discrepancy. Thompson €f
al2? first advocated excision of the tight
band that acts as a bowstring increasing and
preventing spontaneous correction of the



Fia. 3. Unilat-
eral congenital ab-
sence of the fib-
ula before and 14
years after remov-
al of the tight
band. Complcte
correction of tib-
jal bowing and
cquinovalgus de-
formity. Leg-
length discrep-
ancy remains.
(Thompson,
Straub & Arnold:
J. Bone & Joint
Surg 39-A:1229-
1237)

Fic 4 Bilateral congemtal absence of the fibula §

a . months and 15

of bilateral tight bands Correction of tibial bowing and equinusy e:;;oaﬂe': mx;‘?val
valgllls due to tarsal anomalies does not interfere with full activi AR
equal

ities. Leg lengths are



24 Congenital Absence of the Fibula

P

Fic. 5 Operative photograph of a
rather large fibrocartilaginous band 1w a
S-year-old boy (Lateral view, heel in
lIower night of photograph)

deformity. This will permit correction of
the tibial bowing within a few years and, as
well, release the equinus deformity of the
foot (Figs. 3 & 4). As with any other de-
forming structure, early release is inportant,
and the operation should be performed
within the first year of life. It is unlikely to
be of much benefit if delayed beyond the
age of 5 years Although the band 1s not
wmvanably associated with tibial bowing, 1t
1s the author’s experience that a tight band
has been found when searched for in every
leg with a typscal deformuty.

The techme of the operation is simple.
An incision 1s made immediately lateral to
the heel cord. It 1s desirable that the skin
incision be curved or S shaped to prevent
any recurrence of equinus due to skin con-
tracture. Frequently the band will be appar-

ent as a thick structure approximating the
heel cord in size (Fig. 5). If not, a little
dissection will reveal it beneath the peroneal
musculature forming the lateral boundary of
the intermuscular septum. The band should
be excised as high as possible down to its
insertion into the posterolateral portion of
the fused talocalcaneal bone mass. If equi-
nus deformity of the foot persists after re-
moval of the tight band, the tendoachillis
should be lengthened and, if necessary, a
posterior capsulotomy of the ankle per-
formed. Postoperatively the leg is immobi-
lized until soft-tissue healing occurs (2-3
weeks), following which plantar weight-
bearing 1s encouraged. The evidence now is
sufficient to state that removal of the tight
congenital band is an essential feature of the
management of most early cases of congeni-
tal absence of the fibula. The only apparent
exceptions would seem to be those patier}ts
whose legs are straight with feet in a satis-
factory position for weight-bearing Severe
degrees of leg shortening or partial femoral
absence are not contraindications to this
procedure, since further therapy for this
condition will require a straight tibia and a
well-aligned heel.

Correction of the tibial bowing in older
children can best be accomplished by osteot-
omy of the tibia. Release of the tight poste-
rior calf structures, including the congenital
band, will be necessary to permit correct
positioning of the foot.  Osteotomies of the
tibia heal satisfactorily 1n congenital absence
of the fibula in contradistinction to the pre-
pseudarthrosis state. In correction of severe
anterior and medial bowing of the tibia, the
swivel osteotomy described by Peabody may
be employed 1t

LEG-LENGTH DISCREPANCY

In spite of early removal of the tight band,
serious leg-length discrepancy will occur
even though the tibial bowing has been cor-
rected. In bilateral instances of ccngem'tal
absence of the fibula, this will not be a major
problem provided that the over-all shorten-
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Fig. 6, Datten
brace used dnrin.g e~
childhood.  Symc's

amputation will be
recommended when
growth ccascs.
(Thompson,
Straub & Arnold: J.
Bone & Joint Surg.
39-A:1229-1237) ,

T
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ing is not such as to be dwarfing and that
the abnormalities of the feet are not so
severe as to make weight-bearing impossible.
Indeed, in these cases, no treatment other
than correction of the tibial bowing and
equinus deformity may be necessary, and
these individuals may be fortunate enough
to lead essentially normal and active lives.

Since 5 inches or more of leg-length dis-
crepancy may be expected in the typical uni-
lateral example of congenital absence of the
fibula, a serious problem 1n therapy is posed.
In most cases the discrepancy will be too
great to permit correction by epiphyseodesis
or femoral shortening or bone-lengthening
procedures. Although theoretically a com-

e A T

B
bination of epiphyscodesis and femoral
shortening would equalize leg lengths, this
cannot be recommended for the average
patient. However, in some patients with
partial absence of the fibula, the shortening
expected would be less, and here the usual
procedures to equalize leg lengths would be
applicable.

In the typical case, either an elevated shoe
or an amputation is necessary. Every effort
should be made to start the child walking at
an early age. The patten brace illustrated is
useful throughout childhood if the ankle is
unstable (Fig. 6). In the majority of cases
a Syme amputation is preferred. This per-
mits use of plantar heel skin for weight-
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Fic. 7. Syme's amputation performed
for congenital absence of the fibula. Note
that the end-bearing stump is smaller and
falls at a hugher level 1n these patients than
in the usual Syme amputation, permitting
a better functional and cosmetic prosthe-

sis. {Thompson, Straub & Arnold: J.
Bone & Joint Surg 39-A:1229-1237)

bearing, and, since the extremity 1s short, the
normally bulbous stump falls at the mid-calf
level, permitung a cosmetically acceptable
prosthesis even in a gl (Fig. 7). The
stump formed is far preferable to a standard

below-knee amputation stump. It is necessary
that tibial bowing and severe equinus de-
formities be corrected before a Syme amputa-
tion is performed, and it is for these reasons
that measures to correct these deformities
are urged in infancy even if later amputation
is contemplated. Although it has been sug-
gested that the Syme amputation be per-
formed early in childhood,® it is probably
best to delay amputation for most children
until adolescence. The author has seen 2
Syme amputations performed in young chil-
dren for congenital absence of the fibula that
required revisions. However, especially in
girls, when psychic factors predominate, con-
sideration should be given to amputating 2
severely shortened extremity at an earher
age. One may accept the possibility of re-
vising the amputation at a later date in order
to provide a cosmetically acceptable pros-
thesis during childhood. In performing a
Syme amputation in young children, the
distal tibial epiphysis must be preserved. The
problems of a juvenile amputee are many:
bony overgrowth, inadequate soft tissue
about the stump, and the necessity for re-
peated prosthetic revisions may be men-
tioned. The expense of the several pros-
theses alone may dictate delay in amputation
until cessation of growth. For a more com-
plete discussion of this important and com-
plex problem the reader is referred to the
publications of Aitken and Frantz! and the
review by Chittenden.®

In the past, other methods were employed
to deal with the leg-length discrepancy en-
countered in these patients, Among them
may be mentioned the use of prostheses with
the foot held in equinus and various types of
ankle fusions with a full equinus foot. Usu-
ally these methods are inferior to a Syme
amputation. In addition to the clumsy appa-
ratus required, painful weight-beaning has
been reported. It 1s apparent that one of the
essentials of treatment — plantar weight-
bearing —1s not obtainable by the use of
these procedures,
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Fic. 8. Bilateral congenital absence of
the fibula with severe femoral defects. Re-
section of both tight bands has permitted
full plantar weight-bearing on the left and
faciltated prosthesis fitting on the nght.
Note associated defects in the right hand.

ANKLE INSTABILITY

Ankle instability in these patients is often
ot as great as might be expected with an
absent lateral malleolus. Some patients do
not require any support, while most can be
supplied with a molded leather steel-rein-
forced ankle brace fitting inside a stock shoe.
The narrow foot and ankle incident to the
anomaly allow for easy fitting of the brace
nside a shoe. Arthrodesis of the ankle may
be indicated in the unusual case, but anoma-
lous fusion of the tarsal bones in a valgus
position almost always eliminates the need
for arthrodesis of the foot, since the position
1s satisfactory for weight-bearing provided
that the equinus deformity has been cor-
rected. Measures to provide a lateral mal-
leolus by bone grafts have been proposed,

e = e et

but it is believed that the operation seldom
is indicated,

EQUINOVALGUS DEFORMITY

Correction of the equinus deformity has
been discussed. Removal of the tight band
and, if necessary, tendo-achillis lengthening
with posterior capsulotomy of the ankle will
usually suffice in young children. Tendon
transfers to correct the valgus position of the
foot have been carried out on several occa-
sions. In selected patients, transferral of
the peroneus longus to the anterior tarsal
region may be of value. Generally this is
not indicated, since the valgus position is
fixed and suitable for weight-bearing if the
foot is to be preserved. In addition, one
should bear in mind the possibility of con-

genital absence of one of the peroneal
tendons,
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Rarely, for extreme valgus preventing suit-
able plantar weight-bearing, 2 medial tarsal
wedge resection of the usually fused anoma-
lous tarsal bone mass may be required. It
should be emphasized that the rigid valgus
foot 1n these patients produced by the con-
genital tarsal fusion is a surprisingly good
weight-bearing structure. One of our pa-
tients with bilateral deformities has played
football and even won a local high-jumping
contest. He has had no treatment except ex-
cision of the tight bands to correct the equi-
nus deformities and tibial bowing. Today,
21 years after his operations, hc works
standing at a laboratory bench, 10, and even
14, hours per day without discomfort (Fig.
4).

Wedging plasters and manipulation by
themselves have httle place in the treatment
of congenital absence of the fibula. Unfor-
tunate conversions of a valgus foot to a
varus position have occurred 1n the presence
of a tight band and heel cord. Following
removal of the tight band and release of any
other tight posterior calf structures there is
Dhttle tendency to recurrence of the deform-
ity, particularly if plantar weight-bearing is
instituted as soon as soft-tissue healing is
complete,

FEMORAL DEFECTS

Not infrequently femoral defects of con-
siderable degree coexist m these patients
and greatly modify treatment (Fig. 8, left &
right). Turn-up plasty and rotation-plasty
have been proposed as means of handling
these formidable problems. Van Nes’ rota-
tion-plasty could be adapted to certain of
these patients when severe femoral defects
existed.”® Since the ankle joint falls at the
knee level of the opposite extremity in these
patients, Van Nes recommends fusion of the
knee and rotation of the leg through an arc
of 180° A standard above-knee prosthesis
can then be used, the reversed ankle joint
controlling the “knee” joint of the prosthesis.
Expenience with epiphyseal transplants from

the opposite normal fibula to replace femoral
or other long-bone defects has not been suffi-
cient to recommend this procedure. In some
instances, when the bony defects are great,
ischial weight-bearing prostheses have been
necessary. However, whenever possible,
even in the most severely deformed Jimbs,
plantar weight-bearing within the prosthesis
should be achieved.

SUMMARY

It is obvious that the treatment of a pa-
tient with congenital absence of the fibula 1s
an individual matter, depending largely on
the extent of the various deformities and on
the associated anomalies. No brief descrip-
tion can cover all the possibilities. Neverthe-
less, the following features of treatment re-
quire emphasis:

1. Patients with bilateral anomalies have
a more favorable prognosis, since leg-length
discrepancy is not a problem. Amputation
should not be carried out in these patients
unless severe deformities of the foot prohibit
weight-bearing or the dwarfing is such that
increase in height with prostheses is advis-
able.

2. Removal of the tight band at an early
age, permitting spontaneous correction of
the tibial bowing, is recommended. This
allows plantar weight-bearing in bilateral
cases and facilitates performance of a Syme
amputation if one is indicated later.

3. The Syme amputation is preferred 11
most patients with congenital absence of
the fibula when amputation is indicated.

In spite of the wide gradient of deformities
present in this anomaly, 1t is remarkable how
consistently the same patterns recur. The
adult appearance can generally be predicted
in infancy when a typical anomaly is present,
permutting a rational and consistent prograim
of therapy Of equal importance, the physi-
cian is able to furmish sound adwice and
give the parents an accurate prognosis on
these unfortunate children,
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Le Tractamento de Absentia Congenite del Fibula

Summario in Interlingua

Le absentia congenite del fibula es un

durante le prime anno del vita. Un ac-

ndrome que consiste usualmente de ac- curtamento del gamba per plus que 5 pol-
rtamento del gamba, absentia del fibula, lices es a expectar in le caso typic mesmo
rvatura del tibia, deformitate equino-valgal ~ post le correction del deformitate equin e
1 pede, fusion del ossos tarsal, e absentia del curvatura tibial. Le amputation de Syme
* un o plure radios metatarsal. Le formas es recommendate in iste patientes e deberea
| tractamento vara secundo le grado de esser effectuate post le cessation del cres-
Yeritate del condition, sed le objectivos centia. Amputation non deberea esser effec-
imar es le equalisation del longor gamba  tuate in casos bilateral de absentia congenite
le effectuaion de un localisation del del fibula, excepte si sever deformitates del
ipportamento de peso n la area del plus  pede prohubi le supporto de peso o si le
ite pelle plantar del calce e del pede. nanification es si extreme que un augmento
In resection del congenite ligamine tense del statura per medio de prosthese pare indi-
ue representa le anlage del fibula absente cate. In despecto de un extense gamma de
esulta usualmente n le correction spon- deformitates occurrente in iste g ndrom
an:efdel curvatura tibial e in plus relaxa certe definite configurationes recu);re e ;;
H i . N s
enion. shinuge debere ssvr elccunt oo oo 8 ete adule pot
ente esser predicite in su infantia,
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Management of the Juvenile Amputee’

CHARLES H. FRANTZ, M.D., AND GEORGE T. AITKEN, M.D.}

Children with an amputation are a small
but integral part of the crippled children in
the population. However, if one adds con-
genital deformities of the extremities that
may be treated as amputations, the group is
a sizable one. In the past these patients
seldom had the careful evaluation and pro-
gramming of care accorded the victims of
postpoliomyelitis and cerebral palsy.

The extensive work that has been done
recently in the areas of modern prosthetic
design and fabrication technics under the
aegis of the Prosthetics Research Board al-
lows both physicians and prosthetists to
manage amputees more ably. It is possible
now, with a well-organized program, to fit
and rehabilitate practically all types of trau-
matic and congenital amputees. Of course,
the degree of rehabilitation depends on the
age of the patient and the extent of the
handicap. In most cases, much more can
be anticipated today than was the case sev-
eral years ago.

The increased mechanization of our times
has brought our children most of the trau-
matic episodes that produce amputations:
automobiles, railroads, power tools (both in
the home and on the farm), plus civil gun-
shot wounds, account for an increasing
number of severe injuries to children that

* This work 1s made posstble in part by the co-
operation of The Michigan Crippled Children Com-
mission, Carleton Dean, M D, Drrector.

+ Medical Directors of the Area Child Amputee
Center, Mary Free Bed Children’s Hospital and
Octhopedic Center, Grand Rapids, Mich.

E

may produce amputations (see following
table).

SIX-YEAR SURVEY:
128 NONCONGENITAL AMPUTEES

68% Traumatic Origin:

Vehicular
Power tools

44%
Rarlroad accidents

Explosions
24% {Civil gunshot wounds

THE AMPUTEE TEAM

A well-organized amputee clinic must
have available the services of a surgeon, 2
physical therapist, an occupational therapist
and a qualified prosthetist. The services of 2
medical social worker, a psychologist-psy-
chiatrist and a pediatrician are desirable but
not mandatory (Fig. 1). R

The rehabilitation of an amputee 1S ?he
development of a well-adjusted man-machine
combination. The man must be properly
prepared (surgery and psycholcgy); the ma-
chine must be well and comfortably made
(prosthetist). Then the two must be joined
(fitting) and trial-tested for function. Once
comfortably joined, the man must be taught
to use the machine to its best advantage
(occupational  therapy, physical therapy
and/or vocational training).

This schema is an oversimplification of
an exceedingly complex problem. However,
it does demonstrate the role that each mem-



Amputation Surgory 3/

ber of the team plays. Each is important
and necessary. Because the result is depend-
ent on the best cfforts of people in different
disciplines, it is nccessary that each member
of the team be competent, diligent, inter-
ested and willing to accept suggestions one
from the other for the total benefit of the
patient,

Management of the juvenile amputee re-
quires that onz recognize clearly some of the
arcas in which a child is different from an
adult. Children arc members of [amily
groups. Except within personality limits,
their habits and performance are directed
by the will of the parents. Children are in-
capable of desiring an artificial limb on the
basis of function. Further, they arc not
mature enough to discipline themsclves to
practice use of the Jimb necessary for the
development of good function. Thercfore,
it is necessary for the amputee team o be
aware of these facts in the preliminary evalu-
ation of a young patient. Unless the family
is convinced that prosthetic restoration is
desirable and advantageous, no significant
result will be obtained. Good rehabilitation
depends in large measure on the authori-
tarian demand of the family that the child
wear the limb and become proficient in its
use.

Children are different from adults in that
they are growing organisms. Until maturity
they are in a constant state of physical and
emotional flux. Their motor skeletal sys-
tems are increasing in skill and size. Growth
produces problems both as regards repair
and replacement of the prosthesis, as well
as problems in surgjcal planning. The men-
tal-emotional flux manifests itself in the
areas of performance. A five-year-old am-
putee cannot reasonably be trained to walk
with the grace and the facility of a twelve-
year-old. Such vanables in training and eval-
uation are present constantly, They must be
recognized by all the team members, and
the prescription-wniting, the training pro-
gram and the follow-up plan should be ad-
1usted accordingly.

TRAINING
CENTER
MEDICAL
SOCIAL WORKER
PHYSICAL
EXAMINATION THERAPY
LIMB PROSTHETIC
FITTING TRAINING

CUPATIONAL SCHOOL
oc TFHER'APY RECREATION

FOLLOW-UP
Fi6. 1. (Frantz, C. H.: M. Times
87:624-625)

Child amputees are classificd in three
groups: (1) noncongenital (postsurgical and
post-traymatic); (2) true congenital ampu-
tations; and (3) appendicular abnormalities.

AMPUTATION SURGERY

Surgery of amputation in children falls into
two major classes:

1. EMCRGENCY AMPUTATION SURGERY

Etiologic factors contributing to this group
include acute trauma, necessitating the im-
mediate removal of a limb. Explosions, ve-
hicular accidents, power-tool and railroad
accidents lead the list. Cases falling within
this definition must be evaluated carefully
a3 individual problems. Trauma producing
lesions of a degree requiring amputation
usually implies more than local damage.
One must exercise caution when confronted
with a child whose extremity is severely
damaged. 1f the survival of the extremity
is in doubt, every effort must be expended
to save it. Delayed amputation is to be
preferred to unnecessary amputation.

2. ELECTIVE AMPUTATION
Nonfunctional Extremities. The lead-
ing etiologic factors are subacute infection
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(gangrene following fracture, etc.), tumors,
thermal injuries and nerve injuries. Cases
falling within this group may be approached
with more deliberation. The nature of the
etiologic factors permits more careful evalua-
tion and planning.

The subacute infection complicating a
compound fracture, in which gangrene may
develop quickly, may be classified in the
emergency amputation group. The sequelae
of chronic infection in chidren, definitely
less frequent in the past two decades, may
present problems from time to time. Severe
deformities resulting from long-standing
burnt-out osteomyelitis may come to ampu-
tation for improvement of function. The
repeated saucerization of long bones with
invasion of epiphyses and joints is mani-
fested by extensive scarring, loss of muscle,
ankylosed joints, chronic draiming sinuses
and extreme degrees of shortening. The
degree of shortening and functional loss will
influence the decision to amputate.

Amputation is required in the treatment
of many types of malignant bone tumors.
The tragedy of a malignant bone tumor in
a child can be surpassed only by a mistake
in diagnosis. Thorough study and consulta-
tion are advisable, utilizing all the facilities
of the laboratory and roentgenography to
aid 1n the decision.

Third-degree  burns and carbomzation
may be indications for amputation. In ex-
tenstve fibrosis of muscle, loss of ankle-joint
motion, adherent tendons, loss of plantar
skin and epiphyseal damage, function will
be better and the future economically will
be brighter with a below-knee amputation.
The freezing of an extremity that results in
gangrene 1s a pnmary indication for ampu-
tation in cold injuries.

REVISIONS OF THE STUMP

Revision of Old Stump. Overgrowth;
neuroma, trophic skin changes

Revisions of stumps i children are done
primarily for overgrowth, bursae and neuro-
mata. Overgrowth 1s the major comphcation

of amputations 1n children. It is a dispro-
portion between the length of the bony
stump and the soft tissue. Its mechanism is
not clearly understood. It occurs i the
fibula, the tibia, the humerus and the radius
and the ulna, in that order of frequency
(Fig. 2). It is not the result of the vis a
tergo of the next proximal epiphysis It
manifests itself clinically by increasing ten-
derness over the bony tip of the stump,
followed by protrusion through the skin and
erosion with formation of granulation tissue.
The treatment for this condition is revision
of the stump, resection of the bone at a
higher level, or extirpation of the fibula
cxtraperiosteally (Fig. 3). This compliFa-
tion ceases at the time of skeletal maturity
Bursae develop frequently between the
bony stump and the end of the soft-tissue
stump. This is more frequent in the exce?d-
ingly active below-knee male juvenlleA
Whether or not this is due to the excessive
trauma of runming and vigorous games 1S
not known. Many of these bursac ar
asymptomatic and require no treatment. I,
however, they are tense and painful and
interfere with prosthetic wearing, they should
be removed. Aspiration, firm binding,
crutch-walking and instillation of corti{one
have all been tried, alone and in combina-
tion; they produce only temporary allevx?-
tion of symptoms, Complete surgical excl+
sion is curative and seldom requires the
sacrifice of the bony stump. .
Neuromata are the other cause for surgt-
cal revision of amputation stumps. They
are very infrequent in children. In 196 post-
surgical amputees, only 3.2 per cent of cases
needed revision for neuromata. Surgical
excision of the panful neuroma 1s the trea.“
ment of choice. To bury the nerve deep. m
stump musculatare is desirable. Injection
of the nerve is not recommended.
Conversion of a Deformity to an Am-
putation, The appendicular abnormalities
that may be treated as amputations may
demand considerable exercise of matur
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judgment as to whether such patients may
be fitted with nonstandard prostheses pri-
marily or conversion made surgically to a
more satisfactory stump and standard pros-
theses fitted,

Each type of surgical procedure presents
its own problems. 1t is not our purpose here
to review amputation surgery. The technics
arc well covered clsewhere. Most of the
technics of adult amputation surgery arc
applicable to amputations in children. How-
ever, it will be well to review some of the
differences in children,

When doing an amputation on an adult
under the stress of an emergency situation,
one has to plan on finishing with an ade-
quate stump that will be comfortable and
capable of being fitted with a prosthesis. In
children, this desideratum may be modified,
in that the stump may be one temporarily
satisfactory but may be converted to a more
idenl stump later. At first consideration this
would scem to be a minor difference, but it
is very important. Since a child is under-
going symmetric, proportionate longitudinal
growth of the extremities, the operating sur-
geon must take growth potential into account

15
" d g
o

- L S

Fic 3 Surgical treatment of overgrown fibula

synostosis (after D. McKeever, personal

-y ozt

FiG, 2.

Fibular overgrowth in the bony

stump of a 7-year-old boy.

ton). Angular

after Barber: J Bone & Joimnt Surg 26:356-362). Total extirpation,

(From left) High resection Wedge

y (redrawn
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when determining the level of amputation.
For instance, an ideal mid-thigh at age 5
will be a too-short above-knee at maturity;
a too-short below-knee at age 5 may be an
adequate below-knee at maturity, due to
proximal tibial epiphyseal contribution.
These point up the necessity of planning
amputations in children on the basis of what
they will be at maturity, not what they are
at the moment. Disarticulations are prefer-
able in children. All length possible should
be preserved. Although skin grafts are not
desirable, they can be used in children to
save joints and length. They may require
later revision,

CONVERSION OF EXTREMITY
ABNORMALITIES

The surgery for conversion of an extrem-
ity abnormality to an amputation is a com-
plicated subject. In recommending such a
procedure it is necessary to have available
all the facilities to carry out the postsurgical
rehabilitation of the patient. One must have
sufficient experience in standard amputations
to be able to predict what can be expected
from conversion to amputation.

Many of the congenital appendicular ab-
normalities considered for conversion are

total limb problems. There are subnormal
musculature and joint mobility in the proxi-
mal joints. These are serious considerations,
and they must be evaluated carefully before
surgery is done (Fig. 4).

Not all deformities are best treated by
conversion to amputation. Each case must
be evaluated on the basis of the knowledge,
the judgment and the experience of the
operating surgeon, including a thorough ac-
quaintance with prosthetics, The decision
to convert must take into account the train-
ing facilities available to complete the re-
habilitation procedure (Figs. 5 & 6).

The families of children with bizarre or
abnormal extremities are understandably
distraught and quitc desperate for help.
They need a clear-cut, detailed explanation
of the total plan of treatment. The demon-
stration of the results in similarly handi-
capped children is often very helpful.

From the mechanistic standpoint (pros-
thetic restoration) the juvenile amputee is
defined as a patient 14 years of age or
younger with an amputation, either trau-
matic (postsurgical) or congenital. Many
cases come within this definition with ex-
tremity abnormalitics and may be treated
by prostheses with or without surgical con-
version to amputations.

Fi6 4 Anomaly of right hand and forearm Limited elbow motion. The
lach of development of fingers and metacarpals precludes attempts at pha-

langization
voluntary-openmng device.

Disarticulation at wrist offers nothing; therefore, fitting with a
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Figs. 5 and 6, same patient. Fi6 5. (Top) Six-year-old girl with 1 digit, 1 forearm

bone and 25° motion at elbow. Paraxial ulnar hen.umeli'a.. (Banom). Attempts at pri-
mary prosthetic fitting with voluntary-opening device; llmn‘ed function re§ulted. The
famly was dissausfied with the function offered, due to limited elbow motion and the
unsightliness of the anomaly, and requested surgery. (Top 3 illustrations from left—

Frantz, C. H.: M. Times 87:624-625)

THE AGE OF FITTING

Determination of age of fitting presents
many problems. If the patient is a lower-
extremity amputee, he should be fitted as
soon as he manifests a desire to stand and
walk. Usually there is no problem 1n con-
Vincing the family that early prosthetic fitting
is desirable (Fig. 7) Both family and pa-
tient readily accept a lower-extremity pros-
thesis. The young amputee will leamn to

utilize the limb quite readily and, generally,
continves to remain a good wearer. The
problems of cosmesis versus function do not
arise. There is seemingly less rejection of
a child with an artificial leg than of one with
an artificial arm.

There is a divergence of opinion concern-
ing the age of fitting in upper-extremity
cases. A sound basic rule is to fit an appli-
ance about 1 year prior to formal schooling.
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At 4 years, the motor-kinesthetic pattern of
the patient has developed to a point at which
he has purposeful grasp and release; he has
the ability to pronate and supinate, and his
environmental activities are requiring some
two-handed functional patterns If a patient
is fitted at 4 years of age, he is sufficiently
mature to benefit from training, and his limb
rapidly becomes a functional attribute. By
the time he is admitted to school, a year
later, there is good prosthetic acceptance,
improved function and an awareness of the
potentials of the limb, Further, the newness
of the limb has worn off so that he is not
abnormally sensitive about his appliance and
can often justify it by his improved function
(Fig. 8).

Recently, very early fitting of upper-

extremity cases has been tried. MacDon-
ell'' reported 12 such cases. There are
sound academic reasons for doing this. Ob-
servation of these and similar cases would
indicate that prosthetic tolerance is easily
developed (Fig. 9). It is not yet clear
whether or not those fitted very young learn
how to use a cable-controlled prehension
device more readily than those fitted at a
later date.

The families of children who are fitted
very young arc gratified. They seem to
appreciate having something done when they
are most anxious. This is advantageous, as
to obtain and maintain familial rapport and
co-operation enhances the chance of success-
ful prosthetic rehabilitation in the juvenile
amputee.

e ol e 0t

FiG. 6 Dysarticulation at the elbow, preserving distal humeral epiphysis Fitted with
elbow-disarticulation type of prosthess with outside elbow lock The parents and the
child were happicr with functional results after gwided npatient instruction in the
operation of the elbow lock and terminal device in dual combmation. (lilustratron at

left—Frantz, C H M Times 87:624-625)
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as the baby stood up in his crib, he was fitted with a simple pylon device and the
toddler's harness. Note terminal crutch tip. This 1s superior to the conventional caliper
bar, The crutch tip allows nonskid and pivoting in gait and turning.

. 7 - - % . d ' - L
Fi6 8. Congemtal very short below-elbow amputation (partial hemimelia) fitted with

v01untary-opemng terminal device at 4 years of age, with 1 year of weari
g earing b
entering school, Very acceptable performance, ¥ g before



Fic 9. Infant, 6
months old, fitted
with passive mitten
(acheirra, absence of
the hand).

F16. 10 This child
was fitted with bilat
eral suction sochets,

PROSTHESIS PRESCRIPTION

Prostheses as preseribed currently are a
series of selective, efficient mechanical com-
ponents to be assembled and fitted to the
patient by means of a comfortable harness
and some type of suspension and control.
The problems n the case of the lower ex-
tremity vary greatly from those of the upper
extremity.

It is impractical to present a sample pre-
scription and hmb for each type of case.
Variations in component preference and fab-
rication technics require an atlas type of
presentation. Therefore, it secems expedient
to present some of the more usual prescrip-
tion problems and to clarify them.

LoweR EXTREMITY

Above Knee. Suction sockets work very
well in children. With few exceptions, it has
been the authors’ practice not to apply them
in children below the age of 10 (Fig. 10).
Younger children are unable to apply the
prostheses without help. Often this creates
problems at school or away from home,
Certainly they do not seem to be desirable
in children who have not been toilet-trained.

Theoretically, vanable friction knee joints
are desirable tor all above-knee cases. In
practice, they arc not necessary for children.

N

H
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Tia, 11, Patient
with ilateral con-
genital hnce divartic-
ulation. This child is
being fitted with bi.
fateral suction socks
cts. The adjustable
leg is utilized to
faciltate alipnment
and gait analysis,

Fio. 12 Two-yearold child, congenital below-kne
L A , -knee amputations (bi
partial hemimelia). The toddler's harness is employed topstabihz& IL;];TJ;Leli:er,
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The gait of most children 1s a constant vari-
able, and training attempts to make it ideal
are mpractical. This adjunct (variable
cadence knee) to good prosthetic rehabili-
tation 1s not necessary in children.

Fit and abignment are mandatory at all
ages. When size permits, the use of an
adjustable leg 1s helpful (Fig 11). Effi-
ciency and conservation of energy are facili-
tated by good fit and alignment.

Suspension other than suction of above-
knee ltmbs will depend entirely on the pa-
tient’s age In the very young, the “toddler’s
harness” has been very helpful Stability, as
well as wider distribution of prosthetic
weight, 1s increased (Fig 12).

Standard hip joints and pelvic belts should

Fic. 13. Above-
knee coverted con-
genital amputee, with
dysplastic hip. Note
the Silestan bandage
1 the trochanteric
area to stabilize the
prosthesis.

be reserved for older paticnts. Silesian
bandages or web-elastic modlﬁcaticns_of
them seem to be preferable in the presuction
cases older than the toddler group (Fig. 13)-

When fitting the very young above-knee
amputee with his imtial limb, it is believed
to be desirable to start with the knee fixed
in full extension (Fig. 14). This permis
more rapid development of alternating pro-
gression. Once balance and confidence have
been established, the knee may be unlocke.d
gradually, and finally a full-swinging knee 1S
obtained.

UPPER EXTREMITY

Here the problem is quite different from
that m the lower extremity. In the lowe!
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extremity, the major functional replacement
required of a prosthesis is weight-bearing,
This may be articulated or not, and may
have multiple refinements,

In the upper extremity, a multitude of
functions have bzen lost, These include mo-
bility, prehension of a wide varicty, tactile
sensory function, strength, agility, cosmesis
and varying degrees of skill, No prosthesis
can replace alf these lost functions. The
prescription-writing team must determine
which functions can be replaced and pre-
scribe prostheses that will restore them as
efliciently as possible. There are choices
relative to size, shape, strength and weight.
The problem is to determine which of the
various components available are most de-
sirable for the paticnt in question. The
answers require o wide knowledge of the
components commercially available, includ-
ing the advanlagcs of each, plus a sufficient
kr}owledg: of the patient’s potential to per-
mit the matching of components to func-
tional needs in a manner that will develop
adequate (desirable) function and cnsure
amputee acceptance.

Terminal Deice, This i proably the 1% 1 A Sy old snserl gt
most critical component in upper-extremity \hs amc[r’ior icx:kimz straps ll:e;.rev:rl;
prostheses. These devices range from the buckling on initial ambulation.
hand with cosmetic glove to the simplest

FI6. 1S Conventional t
ypes of voluntary-opeming devices Extreme left: i
dipped wafer hook for_toddlers. the plastic-
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The gait of most children is a constant vari-
able, and traming attempts to make it ideal

are ampractical. This adjunct (varable
cadence knee) to good prosthetic rehabili-
tation 1s not necessary 1 children.

Fit and alignment are mandatory at all
ages. When size permuts, the use of an
adjustable leg 15 helpful (Fig 11). Effi-
ciency and conservation of energy are facili-
tated by good fit and alignment.

Suspension other than suction of above-
knee lmbs will depend entirely on the pa-
tient’s age In the very young, the “toddler’s
harness™ has been very helpful Stabulity, as
well as wider distribution of prosthetic
weight, 15 tncreased (Fig. 12).

Standard hip jomnts and pelvic belts should

FiG. 13. Above-
knee coverted con-
genital amputee, with
dysplastic hip Note
the Stlesian bandage
in the trochantenic
area to stabilize the
prosthesis,

be reserved for older patients. Silesiad
bandages or web-elastic modifications of
them seem to be preferable in the presuction
cases older than the toddler group (Fig 13)-

When fitting the very young above-knee
amputee with his initial limb, it is believed
to be desirable to start with the knee ﬁx.ed
in full extension (Fig 14). This permits
more rapid development of alternating pro-
gression. Once balance and confidence have
been established, the knee may be unlocke_d
gradually, and finally a full-swinging knee Is
obtained.

UprPER EXTREMITY

Here the problem is quite different from
that n the lower extremity. In the lowet
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extremity, the major functional replacenient
required of a prosthesis is weight-bearing.
This may be atticulated or not, and may
have multiple refinements,

In the upper extremity, a multitude of
functions have been lost. These include mo-
bility, prehension of a wide variety, tactile
sensory function, strength, agility, cosmesis
and varying degrees of shill. No prosthesis
can replace all these lost functions. The
prescription-writing team  must  determine
which functions can be replaced and pre-
scribe prostheses that will restore them as
efliciently as possible. There are choices
relative to size, shape, strength and weight.
The problem is to determine which of the
various components available are most de-
simble for the patient in question. The
answers require a wide knowledge of the
components commercially available, includ-
ing the advantages of cach, plus a sufficient
knowledge of the paticnt’s potential to per-
n.li! the matching of components to func-
tional needs in a manner that will develop
adequate (desirable) function and ensure
amputee acceptance.

Terminal Device. This is probably the Fic. 14. A 3-year-old congenital quad-
most critical component in upper-extremity
prostheses. These devices range from the
hand with cosmetic glove to the simplest

ruple amputee; bilateral above knee. Note
the anterior locking straps to prevent
buckling on initial ambulation.

Conventional types of voluntary-opening devices. Extreme ]

eft: th ic-
dipped wafer hook for_toddlers. e plastic
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The gait of most children is a constant vari-
able, and training attempts to make it ideal

are impractical. This adjunct (variable
cadence knee) to good prosthetic rehabili-
tation is not necessary in children.

Fit and alignment are mandatory at all
ages When size permits, the use of an
adjustable leg is helpful (Fig. 11). Effi-
ciency and conservation of energy are facili-
tated by good fit and alignment.

Suspension other than suction of above-
knee limbs will depend entirely on the pa-
tient’s age. In the very young, the “toddler’s
harness” has been very helpful Stability, as
well as wider distribution of prosthetic
weight, is increased (Fig 12).

Standard hip joints and pelvic belts should

Fic. 13. Above-
knee coverted con-
genital amputee, with
dysplastic hip. Note
the Stlesian bandage
in the trochanterc
area to stabilize the
prosthesis.

be reserved for older patients. 75116513“
bandages or web-elastic modifications of
them seem to be preferable in the Pre.suctmn
cases older than the toddler group (Fig. 13)-

When fitting the very young above-'krwe
amputee with his initial lmb, it is believed
to be desirable to start with the knee ﬁx'ed
in full extension (Fig. 14). This permis
more rapid development of alternating pro-
gression. Once balance and confidence have
been established, the knee may be unlocke‘d
gradually, and finally a full-swinging knee 1S
obtained,

UpPER EXTREMITY

Here the problem is quite different from
that 1n the lower extremity. In the lowef
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Fia. 17. (Left} Classic phocomelia, Jower extremity. (Center) Fitted with plastic
pelvic mold with a child-sized Canadian hip disarticulation unit. (Right) Lateral pro-
jection demonstrates axis of the joint selative to body alignment,

the infrequent use of more than one terminal
device. Wrist flexion units are not generally
available commercially, and, cxcept in the
severely handicapped (bilateral upper-cx-
tremity amputees), they have littic to add
functionally.

Elbow Units. There is a multiplicity of
below-etbow hinges. There are reasons to
justify most of these variations. The pros-
thetist’s preference seems to be an excellent
way of determining which type will be used.

The variable ratio hinge is desirable in
the splitsocket fitting for the very short
below-elbow amputec. The standard step-up
ratio is 1:1.5,

Most above-elbow units are basically
cable-controlled multiposition elbow locks.
Some are an enclosed unit; others are ex-
posed units. The exposed ones ate necessary
in elbow disarticulations to prevent abnor-
mal length of the above-elbow segment. In
alt other cases the enclosed type is prefer-
able. There are other mechanical variations
on this basic pattern that may be used. Here,

again, the determinant primarily is familiar-
ity with and confid in the mechanical
component,

Cables. The metal Bowdin type of cable
is now generally considered to be standard
cquipment. The nylon-ined cable housing
has done much to reduce noise and to im-
prove efficiency. Leather or nylon lanyards
seldom are indicated.

Harness. Dacron tape is a suitable di-
mensionally stable material. Its width should
be varied according to the patient’s size.

The pattern is variable. Unquestionably,
the figure of eight is the basis of all upper-
extremity hamess patterns. Additional sus-
pension is desirable at times and is to be
used as needed. Most skilled prosthetists
become adept at varying harness patterns to
the mdividual. All members of the pros-
thetic team must be familiar with harnessing
and its vanations, In the upper-extremity
case, the hamness both suspends the pros-~
thesis and is the mechanism for the trans-
mission of power. These are critical func-
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Fig 16. The voluntary-closing APRL (Army
Prosthetics Research Laboratory) type of terminal
device. Interchangeable with APRL type of vol-
untary-closing hand covered with plastic glove

offering cosmetic restoration,

two-fingered voluntary-opening hook, Units
are made in steel and aluminum. Finger
shapes vary according to work requirements
(Fig. 15). They may either open volun-
tarily or close voluntarily. Some are spring
loaded, some rubber-band loaded, and those
that close voluntarily are of variable load-
ings, depending upon the input through the
cable. The hands vary from the purely cos-
metic (nonfunctional) restoration to the vol-
untary-closing functional (APRL) hand.

The selection is exceedingly difficult.
Many factors must be weighed. Age and
size are probably the two main determinants
in children. Age determines the skill re-
quirements and whether light-duty or heavy-
duty equipment is indicated, Size narrows
the field of selection, because it 15 primarily
in the voluntary-opening type of devices that
there is a sufficiently wide vanation in size
to permit the proper fitting of young chil-
dren.

There is no rule of thumb. It has been the
authors’ practice to fit a passive mitten under
24 to 30 months of age (see Fig. 9). From
this level to the teen-agers we have used a
voluntary-opening two-fingered hook of ade-
quate size, interchanging steel or i
on the basis of the child’s functional needs
(see Fig 8). At the teen-age level, the
increasing social awareness of the patient
requires some concession to cosmesis, so the

voluntary-closing (APRL) hand often 1S
ordered (Fig. 16). There have been excép
tions to this practice. It is belicved that this
is an adequate baseline on which to develop
experience and from this later to ‘mmate
discriminatory, variable terminal devices-
At the present stage of development, there
is no doubt that the two-fingered volun'fﬂf}"
opening hook offers the greatest fupctional
restoration. There is a minimum of upkecg,
and the cost is reasonable. However, this
device is the one least desired by the parents:
Because of its many advantages it 1 WOt
while to take time enough to promote ¢
ceptance of the voluntary-opening hﬂo’;
Once accepted, its intrinsic functional WU““I
will be acceptable to the young amputce an
his parents. .
Wrist Units. In children there is infr®
quent need of anything but the simple f"F;
tion-type device, The F. M. (Fletcher-Motis
disconnect is seldom necessary becatise ©
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Fic. 17. (Lefr) Classic phocomelia, Jower extremity. (Cer.m'r) Fitted with plastic
pelvic mold with a child-sized Canadian hip disarticulation unit. (Right) Lateral pro-
jection demonstrates axis of the joint relative to body alignment,

the infrequent use of more than one terminal
device. Wrist flexion units are not generally
available commercially, and, except in the
severely handicapped (bilateral upper-ex-
tremity amputees), they have little to add
functionally.

Elbow Units. There is a multiplicity of
below-elbow hinges. There are reasons to
justify most of these variations. The pros-
thetist’s preference seems to be an excellent
way of determining which type will be used.

The variable ratio hinge is desirable 1n
the split-socket fitting for the very short
below-elbow amputee. The standard step-up
ratio is 1.1.5.

Most above-elbow units are basically
cable-controlled multiposition elbow locks.
Some are an enclosed unit; others are ex~
posed units. The exposed ones are necessary
in elbow disarticulations to prevent abnor-
mal length of the above-elbow segment. In
all other cases the enclosed type is prefer-
able. There are other mechanical variations
on this basic pattern that may be used, Here,

again, the determinant primarily is familiar-
ity with and confidence in the mechanical
component.

Cables. The metal Bowdin type of cable
is now generally considered to be standard
equipment. The nylon-lined cable housing
has done much to reduce noise and to im-
prove efficiency. Leather or nylon lanyards
seldom are indicated.

Harness. Dacron tape is a suitable di-
mensionally stable material. Its width should
be varied according to the patient’s size.

The pattern is variable. Unquestionably,
the figure of eight is the basis of all upper-
extremity harness patterns. Additional sus-
pension is desirable at times and is to be
used as needed. Most skilled Pprosthetists
become adept at varying harmess patterns to
the individual, All members of the pros-
thetic team must be familiar with hamessing
and its varations. In the upper-extremity
case, the harmess both suspends the pros-
thesis and is the mechanism for the trans-
mission of power. These are critical func-
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tions. All good upper-extremity prostheses
depend upon expert harnessing for good
function.

In this discussion there has been avoid-
ance of the hemipelvectomy and hip-disartic-
ulation cases as well as the shoulder-disar-
ticulation cases, These 3 amputation types,
although statistically infrequent in children,
represent some of the most difficult cases.
Each is an individual problem and requires
a kind of custom evaluation and fitting. The
Canadian type of hip-disarticulation pros-
thesis is certainly an advance in fitting this

type of case. It can be fabricated readly for
children and has proved to be desirable
(Fig. 17).

At present, shoulder disarticulations are
fitted with rigid shoulders (no humeral ab-
duction, flexion, extension). This is less than
desirable, but there are no items commer-
cially available that permit shoulder motion.
Experimental work is progressing, and con-
ceivably there may develop a unit for shoul-
der disarticulations that will permit limited
stable shoulder motion (Figs. 18 & 19).

In the hemipelvectomy cases, the major

Fios. 18 and 19, same patient  Fi. 18 Conventional type of shoulder dis-
articulation prostheses Note that the shoulder cap and humeral section are oné
prece, allowing only forearm flexion and elbow action in the frontal plane.
Elbow-locking mechamsm controlled by warstband, and termunal device opera-
tion controlled by permneal strap No rotation or abduction is possible, except
by prepositiontng of the turntable incorporated m the elbow joint,
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requisite is the fitting of a comfortable, stabic
torsopelvic socket. This requires custom
prosthetic work and critical attention to
details of fit.

A good juvenile amputee service requires
a co-ordinated team to evaluate, prescribe
for, fit and train the patient. This necessi-
tates a detailed knowledge of the problems
and the requirements of the juvenile ampu-
tee, be he a postsurgical amputee or a true
congenital amputee, or the patient with an
abnormality who is being treated with a
prosthesis.

Clear recognition of how the child differs
from the adult is mandatory. This is true
both at the time of amputation/conversion
and at the ime of prosthetic prescription-
writing and training.

Inpatient training services are desirable.
Experlence has shown that such services,
though costly inmally, produce greater pros-
thetic acceptance and, thus, more wearers
and better rehabilitation.

Careful follow-up is also a necessity. Each
Patient should be seen at least every 4

o

Fia. 19. Experimental type of ball-and-socket prepositioning friction shoulder joint.
Prepositioning requires an assistant or excessive body motion, but range of operation 15
improved.

months. Patients do not wear mechanically
unsound or uncomfortable prostheses. In
many instances the rigors of childhood will
produce mechanical failures as often as every
4 months. The progressive longitudinal and
circumferential growth of the preadolescent
will require such frequent observations to
maintain fit and alignment,

Conservatism is urged. Fit the child,
train him to use the prosthesis, then observe
him. Surgical revision (conversion) can be
interjected at any time. Experience will
demonstrate that it is required less often
than one would suppose. Most children,
comfortably fitted with mechanically sound
prostheses, will function very well. These
patients have a rehabilitation potential that
is generally greater than the victims of severe
postpoliomyelitis and cerebral palsy, and
they deserve diligent care.

RESUME

The ideal program for rehabilitating the
child amputee must be well organized and
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staffed with a group of specialists who com-
prise a team (see Fig. 1).

Experience over a 12-year period has
shown that parental participation and co-
operation are important factors that may
spell success or failure.

The social service worker initiates the
program. It has been found that a pre-
physical orientation conference will acquaint
the patient and the parents with the staff and
the routine to be expected, and answer many
questions relative to time, travel and cor-
respondence. It also establishes rapport.
An insight is obtained relative to the family’s
reaction to their child’s problem. Further,
they are assured of the interest and the
sympathy of the medical staff.

The examination of the child and the am-
putation stump is expedited in the clinic.
Here the necessity for physical therapy is
determined. The newly amputated child
may need preprosthetic conditioning of skin
and muscle-building exercises. Prosthetic
fabrication and fitting may be initiated im-
mediately or may be delayed until stump
conditioning is judged to be satisfactory.

Prosthetic training 1s begun when the new
prosthesis is determined to be satisfactory for
comfort, fit and alignment by the clinic
team. This phase is pursued while the child
1s an inpatient. Both physical therapists and
occupational therapists participate. The
usual practice, when both types of specialists
are available, 15 to direct the major responsi-
bility to the occupational therapist for the

upper-extremity amputee and to the physical
therapist for the lower-extremity amputee.
This does not mean that these departments
are segregated, they work 1 close co-opera-
tion, It is their responsibility to bring the
child up to an acceptable level of perform-
ance.

While inpatient training goes on, the child
may attend school in the appropnate grade.
Social and recreational activities may be di-
rected to prosthetic activity, such as sports
and social events where the child plays games

and eats with other children, thus decreasing
self-consciousness,

When the training of the child is consid-
ered to be adequate by the clinic team, the
young patient is discharged. A conference
is held again with the parents. The prosthe-
sis is demonstrated in detail; its care and op-
eration are explained. Preparations are
made for going back to home and school.
The parents are encouraged to work with
the child and endeavor to promote increased
skill with the prosthesis. This is very impor-
tant in the upper-extremity amputee.

There are two critical phases for the
young amputee: when the young congenital
amputee enters kindergarten with a prosthe-
sis and when the young postsurgical amputee
returns to school different from what he for-
merly was, ie., with an appliance. The
teacher has been said to be the “second
mother” for the elementary-school child. A's
such, she must be a member of the rehabili-
tation team. She should be forewarned a.nd
briefed by the parents. She will dev’e{op in-
sight into the child and aid him in taking his
place in the class group. She can prepare the
class for this young amputee, have him delT}‘
onstrate his skill with the positive emphasis
on “how much he can do.” Children are
curious, and, once their curiosity is san'sﬁed,
no further questions are asked. At times,
playmates are unthinkingly frank, but not
cruel. The term Captain Hook has become
a nickname for upper-extremity amputees
This should not be thought of as a derog-
tory remark any more than Red for @ red;
haired child or Skorty for the youngster ©
short stature. Total rehabiltation is the god!
of the child amputee, This implies 'the Zl(;
ceptance of the handicap by the child an
his parents I properly handled, slowly but
surely he will become mtegrated into the
social, the physical and the intellectual fac-
ets of hus school. The intelligent teacher Who
1s aware of the functional capacity of the
child and his limitations will axd hun greatly-

Outpatient follow-up is the maintenance
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portion of the program. A minimum of 4
clinic visits a year is standard practice in the
majority of cases, Many cases demand more
than 4 visits a ycar; some have from 7 to 10
visits. The clinic visit offers the opportunity
to keep the prosthesis mechanically sound,
modify the sockets for growth and refit new
mechanical components,
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Le Tutela del Amputato Juvenil

Summario in Interlingua

Recente progressos in le technicas pros-
thetic e nove cognoscentias concernente le
amputato pediatric permitte, super le base
de un ben-organisate programma, equipar ¢
rehabilitar practicamente omne typos de am-
putato traumatic e congenite.

Le crescente mechanisation del mundo
modemne expone le juvenes a multe episodios
traumatic que resulta subsequentemente in
amputationes. Assi nos ha un alte propor-
tion <§e non-congenite amputatos juvenil qui
Co'nsmue gruppos traumatic con respecto al
etiologia de lor casos.

. Le efficace tutela e training del amputato
]“Ver.lil fequire un ben-organisate equipa
consistente  del chirurgo orthopedic, del
t!lerapema physic, del therapeuta occupa-
tional, de un qualificate prosthetista, e de
un consulente social con qualificationes med-

ical. Le consilio de psychologos, psychia-
tros, e pediatros debe etiam esser disponi-
bile. Le patientes debe esser equipate con
ben-construite, confortabile, e adequate-
mente harnesate apparatos pro functionar
satisfacentemente.

Le tutela del amputato juvenil require que
on recognosce le area in que le juvene differe
ab le adulto. Le juvene es membro de un
gruppo famihal, e como tal ille depende, pro
un grande parte de su disveloppamento, de
su familia. On non pote expectar que le
juvene se desira un prosthese in plen com-
prension del resultante avantages functional.
Frequentemente il es le familia que debe
facer le decision e que debe, subsequente-
mente, ager cOmMo un gruppo cooperante con
le equipa professional al clinica amputatori.

Le juvenes differe ab le adultos in tanto



48 Management of the Juvenile Amputee

que illes cresce ¢ se disveloppa in multe as-
pectos de lor existentia, Lor systema moto-
skeletic deveni progressivemente plus habile
e plus grande. Isto resulta in l¢ necessitate
de un frequente adjustation del prostheses.
Le fluctuationes emotional del juvenes re-
quire consiliage e le exercitio de disciplina
del parte del familia.

Le casos del amputatos juvenil es classi-
ficabile in tres gruppos: (1) Casos non-
congenite (post-chirurgic ¢ post-traumatic);
(2) casos strictemente congenite; e (3)
casos de anormalitates appendicular.

Le problemas chirurgic del amputation
pediatric se rangia in duo classes principal,

1. Amputationes de urgentia, ubi le fac-
tores etiologic es traumatisationes acute, i.e.
per exemplo explosiones, accidentes vehicu-
lar, accidentes per machinas-instrumento,
accidentes de ferrovia, e accidentes de ferma.
Multe attention ¢ bon judicio debe esser
usate quando on s¢ trova confrontate con
le problema de un amputation potential in
un juvene. Si le superviventia del extremi-
tate in question es non ancora decidite—
positive- o negativemente — omne effortio
debe esser facite pro salvar lo  Un ampu-
tation tardive es a preferer a un amputation
innecessari,

2. Amputationes elective, ubi un major
gruppo de casos es representate per extremi-
tates non-functional como resultato de le-
siones neurogene, de gangrena post fractura,
de lesiones thermic, ¢ de tumores Tal casos
pote esser tractate super le base de plus ex-
tense deliberationes

In association con le amputationes elec-
tive on pote mentionar le problema del re-
tractamento de ancian truncomes. In le
majontate del casos juvenil iste problema
non occurre. Juvenes non suffre le compli-
cation que usualmente plaga adultos, ie.
membro phantoma, cicatrices, neuromas,
alterationes de pelle trophic, e truncones
troppo curte  Hypercrescentia es un prob-
lema que se incontra 1n amputatos juverl

con operationes eflectuate ante le etate de
nove annos. In iste phenomeno 1t occurre

un disproportion del crescentia in le truncon
de osso ¢ in le revestimento de histos molle,
In tal casos, un revision chirurgic es indicate.

Un altere sub-gruppo de casos pone le
problema del conversion de anormalitates
appendicular in truncones semi-classic per
medio de methodos chirurgic. Omne tal caso
debe esser considerate individualmente. Le
chirurgo qui se trova confrontate con un
problema de ‘iste genere debe prender in
consideration le contribution de epiphyses
de ossos longe, Ille debe planar su tracta-
mento si ben e si detaliatemente que ille es
capace a explicar al parentes omne aspectos
del objectivo que es a attinger. Isto presup-
pone le disponibilitate de facilitates pro le
satisfacente adjustation prosthetic e pro le
efficace training in le uso del apparato.

Le etate al qual le amputato juvenil es
equipate con un prosthese debe esser d;cta!f:
per su habilitate de servir se de illo. /}ssl,
quando il se tracta de un extremitate mfF-
rior, si tosto que e juvene pote tener s¢ in
position erecte, le truncon del absente mem-
bro debe reciper un prosthese, ¢ non importa
si le prescription debe ancora esser saus
primitive. Quando il se tracta de un ex-
tremitate superior, le adjustation del pros-
these es a effectuar un anno ante qué ‘13
pauente entra in le jardm del infantia.
Juvenes de quatro annos de etate tolera €
activa multo ben un prosthese de ex!remxt.z\te
superior. Si Je prosthese es prescribife aliste
etate, le patiente ha un anno de practica ante
su entrata n un schola formal, e ille va fon
sentir se inferior a su companiones de .classe-
Le autores ha executate un expenmemo
clinic 1n que infantes de etates usque al
minimo de cinque menses esseva equipate
de apparatos passive, Tolerantia del pros-
these esseva effectuate sin difficultate, € il
pare que un forma primitive de ambidextverl;
tate se disveloppa con le dispositivo termina
del apparato al mesme distantia ab le C%f‘
pore como le mano intacte. Isto correspondé
2 un modo fundamental de Compcnameflm
¢ ncoragia le patiente a ingagiar se in activt
tates distante ab le corpore. Un del effectos
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de iste methodo esseva reducer le necessitate
de restringer le extremitate normal in su dis-
tantiation ab le corpore quando illo assiste
le latere amputate. 11 ha cssite constatate
que juvencs jam al ctate de vinti-quatro

menses pote servir se de un apparato con
dispositivo terminal que es aperibile-claudi-
bile a voluntate, A trenta menses de ctate
illes potc maestrar le cubito a fixation nosi-
tive in varic positiones.
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Recumbency Versus Nonrecumbency
Treatment of Legg-Perthes Disease

CHARLES W. GOFF, M.D.*

Conant remarked that “a theory is never
overthrown by contradictory facts; it is only
overthrown by a better theory.” For many
years I have believed in the theory of long-
time recumbency care of Legg-Perthes dis-
ease (Legg-Calvé-Perthes syndrome). Many
facts were marshaled that seemingly recom-
mended this form of care. In spite of this
experience, an apparently equally successful
form of nonrecumbency treatment, consist-
ing of partial or total weight-bearing from
the beginning, has been practiced by a
reputable group of orthopaedists. Their re-

* Hartford, Conn.

)

sults seem nearly to cqual those following
my recumbency method. How could this
dilemma be resolved?

The adequacy of any theory should be
judged by certain criteria. In this instance:
(1) Are the facts known about the disease
accounted for? (2) Could new observa-
tions prove to be profitable? (3) Would
these observations be related to yet another
set of facts? Accordingly, I have proposed
a new theoretic model based on fresh facts,
indicated by recent mechamcal, ci)'cglatoryy
microbiologic and postural information.
These relationships had been obvjous for

[

Fic 1 Erect stance of primates culminated in man’s forward rolling pelvis and
nearly complete extension of the femur at the hip joint. In this way full, bipedal welgh}*
bearing evolved The center of gravity was pulled posteriorly—greater stress and straif
was placed on the head of the femur From left to night are depicted the brachmting
gibbon, the gonilla, the chimpanzee, a man child and an adult.
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.Fm. 2. Todd gorilla, showing coxa plana of left femur following Legg-Perthes
disease (7). Lower views 1llustrate the area of weight-bearing, larger than in man, and
preserved quite well The associated acetabulum, not reproduced, shows good spher,oidal
molding  Amimal lived to about 18 years of age, when he was shot by a hunter. The
gorilla must have been handicapped, probably had pamn and limited locomotor capacities
(Taylor, King & Stecher: Ostecarthritis of the hip i gorillas in Clinical Orthopaedics
Ne. 6, pp. 149-157, Philadelphia, Lippincott)
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some time to a number of nvestigators. My
new theory has restricted prolonged recum-
bency to those children whose capital fem-
oral epiphysis and metaphysis showed an
involvement of the weight-bearing area. If
this region was spared, or demonstrated
rapid recovery, weight-bearing could be tol-
erated at an early date  This also would aid
in restoring normal physiologic responses,
and an early recovery with better globular
femoral heads should be rewarding, Further-
more, such an alternate theory of sclective
weight-bearing may explam some of the

Fic 3. Upper femur of man Split lines and stresscoat markings outhned in Inda
ink tllustrate locations and dense subchondral bone of the werght-bearing surface, Note
the posterior medial geographic site of this zone. Trabeculations from this plate converge
on the medial neck and the upper shaft cortex.

good results obtained by those orthopacdists
who did not prefer recumbency for these
children. My dilemma then would be 1é-
solved What follows 1s not an apology, but
an apostasy—a new article of faith.

POSTULATES OF THE
PRESENT THEORY

Man’s hip jont, as a part of s pelvis,
has retained many features of a quadruped.
An infant’s hip does not extend fully during
the first 24 months. A child learns to walk
with a bent knee and a partially flexed thigh,
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FIG 6 Circulation of upper femur of child. Illustrates the greatest supply from
lateral and posterior sources rendering the medio-anterior area more labile to vascular
damage. (Trueta, J.: J. Bone & Joint Surg. 39-B:358-394)

motion in man; the posterior part supports
the body weight when standing completely
erect. Cross sections indicate a more dense
cortical bone under the articular cartilage of
this area, pomnting to osteons that seem to
terminate in this region. Splitline and
stresscoat patterns® have determined this
zone This also is true at trochanters, where
the bone is relatively thin but shows a pat-
tern of terminal osteons rather than osteons
arranged as in the outer cortex of the femur
An observer seems to be looking down on
the open end of columns of osteons rather
than at thewr outer surfaces. This pattern
correlates with the trabecular concept of
many students of bone mechanics from early
days to the present.?3101518 Actually, the
trajectorial arrangement represents a com-
bination of growth directives inherent within
each species, onented according to a specific
bony shape and mnfluenced by adaptability
to environmental stress and stramn 3

Blood Supply of Upper Femur. Arte-
rial blood enters the femoral head, neck and

upper shaft through three sources. The.mos!
important is the nutrient artery, running a
tortuous course through the cortex of the
shaft to reach the mtramedullary cavity and
bone marrow. Within this cavity it dwvides
and sends branches upward and downward
toward the metaphyses of the femur. At
intervals small branches are given off that
pass to the inner surface of the cancellous
bone through horizontal Volkmann’s canals.
These anastomose extensively with small
arterioles that enter the bone from the per~
osteum and with extenstve venules from all
sources,

The epiphysis of the upper femur is sup-
plied by two arterial systems, the posterior
half of the epiphysis being supplied more
generously than the anterior portion. .The
former contains the geographic weight
bearing center.

Many circulatory studies also indicate 2
vartety of artenal and venous patterns about
the proximal femur,'»2' 2¢ depending on age
and genetic factors. The clearest are those
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of Tructa® and Tucher™ Recently, Trocta
has proposed that the latter probably is re-
sponsible for the great rarity of Legg-Perthes
disease in the African and the American
Negro. As 1 suggested in 1954 there is o
racial predilection in the Negro, pointing to
the Middle and the North European racial
stochs as the most tikely gene pools from
which this disorder flows,

Anatomic Relations of the Acctabue
tum. The articular surface is harrow, cllip-
tical and concave. 1t is similar to a race of
a universal shaft bearing, The ligamentum
teres with its blood vessels enters from
below, as it does in alt quadrupedal ani-

mals, and is a npon-weight-bearing arca.
Only o small zone of the head of the femur
is in contact with the acctabulum during
weight-bearing,?

Biopsies, Jonsiiter' biopsicd many capi-
tal femoral epiphyses by inserting a punch
above the cartilaginous growth disk into the
cancellous bony nucleus. In the early criti-
cal phase of the disorder there are dead
bony arcas intermixed with fresh osteoid
tissue that corrclate with the dense roent-
genographic patterns.  Translucent regions
show various stages of osteogenesis. Un-
published data by Gee indicate an above-
normal blood supply cxisting within the

Fia. 7. Early umilateral partial Legg-Perthes disease  IHustratin,
2 the trochar chanpel
{feft} made by Gee wn his radioactive 1sotope studies of the circulation of zopes of
femoral epiphyses during the disorder The more translucent area had the preatest
blood supply—_was regenerating bone at a fast Tate
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Fic. § Roentgenographic patterns—total eptphyseal involvement Note typrcal coxa

magna at an early date
result in spite of a long recumbency.

translucent areas of the ossific nucleus.
These have been regarded as absorptive
zones of the epiphysis, whereas actually they
are regions of early ostcogenesis. In later
stages of the disorder, there 1s observed a
demarcated region in which bone has been
spared the avascular effects. This is espe-
cially true in those instances of partial eps-
physeal involvement A selective effect 1s
apparent, sparing bone in various amounts,

CLASSIFICATION OF
ROENTGENOGRAPHIC PATTERNS

For many years complete Iife-cycle roent-
genographic studies have been maintained
at Newington Hospital. Over 150 of these
children, who have been treated in various
ways, but chicfly by long-term recumbency,
have reached a point of recovery. These

Right upper and lower are 12-year end-result plates

Poor

were available for analysis. By inspection
their early roentgenograms were divisible
into three general patterns: Type A, totZ_\l
epiphyseal involvement (37% ); Type B, bi-
lateral epiphyseal involvement (13%); a.nd
Type C, fractional or partial epiphyseal in-
volvement (50% ). These are illustrated b_y
accompanying life-cycle roentgenographic
studies.

Roentgenographic Patterns Corre:
lated With Regional Circulation and
Weight-Bearing Zone. Practically always,
those cases that showed a partial epiphyseal
involvement were represented on rocntgeno-
grams by an immediate increase in density of
the anterior two thirds of the epiphysis-
Within 2 to 6 months, the anterior and the
lateral portions of the epiphysis and the
metaphysis became translucent as the circu-
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Fi, 9. Partial in-
sobement,  spasing
weight-hearing zone
{ epiphysis and me-
taphysis, Plates
wnhed “W indi
cale pattern that per-
mits guasded erutch.
walkimg, Note good
tesults 26 months af-
ter onsct,

{A)} Onset ape, 5
years. (B} After 8
months’ recumbency,
{C)} Pattern after
crutch-walking for 6
months® partial
veight-bearing, (D)
Pattern after crutch.
walking for 12
month’s full weight.
bearing. (E) End-re-
sull after 26 months,
Patient piven SO mg.
of achrovim daily for
16 months.

lation rapidly returned The more dense
bone—that is, the avascular bone-—was tap-
idly absorbed, and the untouched, or living,
bone retsrmed quickly to its normal bone
trabecular pattern. This pattern indicated a
sparing or rapid return of the weight-bearing
zone of the epiphysis. These children were
atlowed to walk with crutches, usually within
4 to 8 months after onset of the disorder.
No dcletensous results have been observed;
mstead, a rapid response has followed, with
an earher reossification of the
the epiphysis and the metaphysis,
When the entire, or total, epiphysis v

inder of
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not necessarily a poor result; on the con-
trary, many end-results are of this variety.
Some discomfort may come on after 35
years of age, but this is rarely severe. The
degree of decompensation of such a hip
joint depends on the globularity of the re-
stored femoral head and its fit within the
acetabulum. If these children are treated
properly, I believe that such a fit will prove
to be quite adequate. Symptoms of discom-
fort are postponed for 25 to 30 years, and
they may never occur. Only very long fol-
low-up examination will provide valid sta-
tistics.

Bilateral Involvement, Trueta would
classify these children according to each hip.
This is a valid distinction, but for practical
reckoning I have listed them separately.
Since they represented only 13 per cent of
our series, they will influence statistical re-~
sults in a small way.

Because of the likelihood of involvement
of the other hip, all children should be kept
recumbent at least 4 months, during which
time signs usually will appear in the other
hip if it, too, is going to be affected. This
second femoral epiphysis will pass through
the several stages more rapidly and will be
quite ready for guarded crutch-walking with
full weight-bearing by the time the first hip
has reossified sufficiently.

RESULTS

This is not an end-result study. There are
many in the published literature,®'7 includ-
ing one of my own,}® all of which are of
small value when comparing one series with
another. In this instance, over 75 children
have been allowed to bear weight at an early
date. The onginal average length of recum-
bency of Pike!® was 27 months i 29
“healed” cases; Gee and Gossling reported
an average of 44 months in an additional 60
cases, many of which had not reached full
recovery Katz' reports an average bed rest
of 18.3 months for his good and 20 3 months
for his farr results. The difference is not
significant In my serses, the time of recum-

bency has been reduced gradually from an
average of 19 months, as reported in 1956,
to my present average of 9 months, When
a final computation is made, this probably
will be reduced even more. Those with a
partial involvement are permitted to bear
weight after 2 to 4 months’ recumbency. To
date, no deleterious effects have been ob-
served in 45 children screened by this
system.
CRITERIA TESTED

(1) A number of facts related to Legg-
Perthes disease have been verified. Other
facts will become known in time and may
be the means of altering my theory. (2)
New observations have been examined and
correlated. (3) Thesc correlations have
validated the new theory so far as they go,
establishing certain conclusions.

CONCLUSIONS

Unquestionably, immediate recumbency is
beneficial, Stress and strain are relieved at
once, and the child’s disorder then may be
evaluated properly. The selective geographic
area involvement of the femoral epiphysis
can be determined. If the weight-bearing
region is affected, recumbency should be
prolonged until this area has been restored
sufficiently to withstand molding by 'the
acetabulum under erect weight-bearing
With sparing of the region, recumbency may
be discontinued as soon as this fact 1s .ap-
parent on roentgenographic examination.
Fifty per cent of my children had limited or
partial involvement sparing the weight-bear
ing area. For these children eatly cruich-
walking proved to be beneficial. .

Thus, one half of the Newington serics
falls within the division wheremn the val{lc
of recumbency was limited. Smce all chil-
dren were put to bed initially for 2 few
weeks, continuous weight-bearing cannot b
judged against my series of results. }‘.IOW'
ever, the nondeleterious effects of weight-
bearing 1n these selected instances (50% of
the series) after 2 or more months of re-
cumbency were striking. These facts sub-
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antiate in part the school of therapy using
ss recumbency plus carly walking care.
he dilemma is partly resolved. .
Total cpiphyseal involvement requircs
uch longer recumbency.
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Tractamento a Decubito Contra Tractamento Non-decubital
in Morbo de Legg-Perthes

Summario in Interlingua

Es proponite ¢ testate un nove theoria

i prolongate pro omne patientes pediatric con
que modifica le prescription de decubito morbo de Legg-Perthes. Nunc solmente pa-
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in which the advice was acted upon are in-
cluded in the case reports that follow, and
the results justify emphatically the attempt
to find some treatment more satisfactory than
prompt amputation early in osteogenic sar-
coma.

THE NEWER METHODS
OF TREATMENT

Chemical treatments of many kinds and
also some immunity reactions are under
study but have not yet shown the capacity
to yield satisfactory results. While they do
not yet justify selection as the method of
treatment, they do merit further investiga-
tion, particularly in some cases which al-
ready have metastases or have refused sur-
gery or have lesions not accessible for
radical surgery.

Three cases of unusual interest in connec-
tion with possible immunity reactions are
mentioned below; two of them belong in
the series about to be reported.

A Registry case records a boy having am-
putation of the leg followed by metastases in
the lungs. He coughed up tissue that was
identified as osteogenic sarcoma. This case
was believed to be hopeless at the time, and
the boy had no further treatment. Five years
after amputation he was alive and well with
no evidence of pulmonary metastasis. Ap-
parently the metastases had resolved spon-
taneously.

Case 1. A boy, aged 18, had sclerosing osteo-
genic sarcoma of the proximal portion of the
tibia At bropsy, the tumor was excised and the
defect was filled with bone chips. Radiation of
the area then was begun and continued until
amputation 1n the seventh month of the disease.

1

the fourth month of the disease. In 1947 there
was melastasis in the right chest wall. It was
radiated and excised in December. It recurred,
with spread to an axillary Iymph node in 1948.
After radiation, a block resection including the
recurrence, the ribs and the axillary nodes was
performed. The patient was alive in 1958, 13
years after onset and 10 years after the last
surgery, but intense itching of the skin had
begun in 1947 and multiple skin nodules had
developed. No surgeon was ever persuaded to
remove one of these for diagnosis. They still
were persisting in 1958, although there had
been no recurrence of the treated lesions and
no pulmonary metastasis. If the nodules were
metastatic, had there been an immunity reaction
that limited them?

These 2 cases suggest that, eventually, im-
munity studies in osteogenic sarcoma may
be rewarding, but the improved results from
avoiding prompt amputation early in the
discase are believed to be due not to an
immunity reaction but to restriction of sur-
gery to a radiation-induced quiet phase of
the discase, as suggested by Ferguson® and
as illustrated in some of the cases that
follow.

ROENTGEN RADIATION ALONE

Roentgen therapy is a useful agent in the
treatment of osteogenic sarcoma Cufrently,
its most obvious field of usefulness 1s as 2
preliminary to surgery that will follow
promptly after completion of the radiation.
Apparently, rarely has radiation alone ehm-
inated the tumor, but it is the best available
treatment when surgery is not feasible or has
been refused,

Case 3. A female, aged 48, had onset of
disease at the upper humerus on October 1,

1943 Biopsy on December 18, 1943, showild
ic sarcoma. Amputation was refused.

The boy scon ped y

but these reached a static condition with no
further development of indentifiable metastases
and with the patient in reasonably good health
3 years after amputation

Case 2. A female, aged 21, had onset of
disease on September 20, 1945, with btopsy on
October 19, 1945, showing rapdly growing
osteogenic sarcoma  Radiation 3,500 r was
gwven from November 9, 1945, to January 10,
1946, and amputation was done at the end of

Radiation 6,600 r from December 20, 1943, to
February 25, 1946, kept the leston under salgs-
factory control, but after that it could not ]el
controlled. Ulceration developed, and the sme
of the wound finally resulted in consent 106;"91‘;
putation, which was done on July 19, 1946, l':n
the third year of disease, Atypical P"e“m]um
was contracted 1n the summer of 1947, pulmo,
nary metastases were evident in Scptembc(. Tl;e
the ‘patient died on December 12, 1947, in o
fifth year of disease and 17 months after a
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putation, No cffective immunity developed in
this case.

Case 4. Green® reports a female child with
osteogenic sarcomn of the upper tibia who was
treated by radiation 9,000 r with rotation teche
nic at 2 mifhion volts, Eventually, an amputa-
tion was performed cleewhere beeause of radia-
tion effects in the Teg, and no tumor was found
in the amputated specimen. The child was
reported to be well 6 years after onset. It s
possible that, eventually, such supervoltage
technic may prove to be more cffective than the
more commonly used 200 to 250 Lilovolts.

Green? reported § other cases treated by
radiation alone, Of those, 3 are dead, 1 is
alive with metastases, and 1 is alive with no
known metastasis. Obviously, at present
radiation alonc is not a sufficiently satisfac-
tory treatment, although it descrves further
trial, and its usc is practically compulsory
when surgery is not acceptable or not appli-
cable.

SURGERY WITHOUT RADIATION

Avoidance of prompt amputation carly in
osteogenic sarcoma by performing a more
limited operation such as cxcision initially or
by simple delay of amputation* has not been
as satisfactory when no radiation was used
as when the operation was performed at the
completion of preliminary radiation. Never-
theless, the following cases are reported so
that there will be no omissions in the hist of
cases in which the author knew in advance
that prompt amputation was to be avoided.

In 2 cases of osteogenic sarcoma near the
knee, excision was performed with amputation
1 month fater. One died with metastasts in the
first year; the other apparently was well 2 years
afterward, but the further hustory is unknown.
The idea that radiation before operation might
be helgful was rejected 1n these cases.

P A girl with osteogenic sarcoma of the lower
€mur was an interesting case of delayed ampu-
fation but not one n which the author was con-
cerned® At a Jarge tumor chmic the parents
were told that immediate amputation was the
fl’_“l)’ procedure that could save the girl's life.
w’::}sl being tefused, she spent S years at home
\ fo treatment and then returned to the
cime with a massive tumor 1n the thigh but no

metastases.  As this was before the days of
hemipelvectomy, the parents were told that the
tumor was 100 cxtensive to permit surgery.
Amputation was sought and obtained clsewhere,
and the girl apparently was well 5 years later,
10 years after onsct of discase.

LonectoMy

Lobectomy has been used with success in
the treatment of a single pulmonary metas-
tasis, but it will be many years before the
probability of success for such treatment is
known. The question as to whether or not
radiation should precede lobectomy must be
considered. Tadiation is not recommended
by the author for this purpose or for preven-
tion ot climination of pulmonary metastases;
he belicves that radiation sufficient to elim-
inate cclls of osteogenic sarcoma will result
in radiation changes that will be fatal, and
a lesser degree of radiation will produce
radiation changes that may facilitate devel-
opment of metastases from surviving cells.

LizsiTED SURGERY AFTER RADIATION

Case 5. A male, aged 36, had onset of
osteogenic sarcoma at the lateral portion of the
clavicle in January, 1954, After biopsy in the
second month, radiation 3,600 r was spread
over 8 weeks to May 1, 1954. The outer two
fifths of the clavicle was resected promptly
afterward. At the time of writing, the patient
is well with no evidence of disease in the fifth
year after surgery and 5 years after onset,

Case 6. A male, aged 34, had onset of ostep-
genic sarcoma on April 15, 1944, at the lower
left femur with amputation on July 20, 1944,
in the fourth month of disease. In the fourth
year after amputation he developed metastasis
at the medial condylar area of the right humerus
after an incident in which strain was suffered at

support. Radiation 3,200 r was given before
excision and implant of bone graft in March
1948. After local recurrence of tumor the apm
was ampulated in October, 1949, The patient
remained well with no evidence of disease in
1958, 9 years after the second amputation, 14
years after the first amputation, and in his
fifteenth year after the onset of the disease. The
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68 The Present Trend in Treatment of Osteogenic Sarcoma

previously been mentioned by Ferguson,®
and 6 were more recent. The results reported
were:

Of 7 patients after 5 years or longer, 4
apparently well, 3 dead.

Of 3 patients after 2 but not 5 years, 2
apparently well, 1 dead.

CONSOLIDATED REPORT

Combining the above 10 cases from
Green’s list with the 10 cases of selective
surgery in the author’s list, the results as
presently known are as follows:

4 cases more than 2 but less than 5 years
after onset:

1 alive with metastasis.
2 well with no evidence of disease.
1 dead.
16 cases more than 5 years after onset:
1 alive but not well after 13 years.
8 well and apparently free of disease.
7 dead including 1 who apparently had
continued well for more than 5 years.

The results of selective surgery appear to
be much better than those of prompt ampu-
tation early in osteogenic sarcoma. The
author believes that the principle of selective

amputation is also applicable to the treat-
ment of chondrosarcoma, but nothing that
has been said here is intended to apply or
believed to apply to the treatment of any
other variety of tumor, including Ewing's
sarcoma, fibrosarcoma and solitary myeloma,
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Tendentias Moderne in le Tractamento de Sarcoma Osteogene

Summario in Interlingua

Recente evenimentos indica que on ha
generalmente recognoscite que le resultatos
del prompte amputation in un stadio precoce
de sarcoma osteogene es si magre que le
essayo de altere formas de tractamento es
indicate. In un revista publicate per Fergu-
son in 1940, le sequente statistica, que es
typic, esseva presentate: Un gruppo de
dece-tres patientes operate durante le prime
mense post le declaration del symptomas
includeva nulle superviventes; un gruppo de
vinti-cinque patientes operate durante le se-
cunde mense includeva un supervivente; un
gruppo de vinti-tres casos operate durante
le tertie mense includeva duo superviventes,

Plure methodos de tractamento ha.essife
essayate in loco del prompte amputation in
stadios precoce de sarcoma osteogene. .Re-
actiones immunologic e methodos chimo-
therapeutic ha non ancora demonstn:ate un
utilitate sufficiente, sed illos merita investl:
gaciones additional. Radios X como sol
forma de tr y ha sporadi
producite bon resultatos sed non satis fre-
quentemente pro establir irradlation‘como
therapia de election, excepte in casos in que
interventiones chirurgic es 1mpmctncablle o
refusate.

Le uso de roentgeno-irradiation durant®
plure septimanas sequite promptemente per
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le intervention chirurgic (amputation in
tanto que possibile) ha producite resultatos
que justifica le uso de iste forma de tracta-
mento in loco del prompte amputation como
therapia initia) in le prime sex menses post
le declaration de sarcoma osteogene, Isto
¢s indicate in un recente reporto per William
Green ab Je Hospital Infantil de Boston ¢
ctiam in un reporto publicate per Ferguson
in 1950. Iste ultime reporto es augmentate
¢ ponite al dic in le presente publication.

Le radiation administrate per Ferguson
amontava a inter 3200 ¢ 4000 r dc alte
voltage distribuite super un periodo de inter
sex ¢ octo seplimanas, sequite per le inter-
vention chirurgic intra dece dies post le
ultime tractamento. In le casos de Green,
le mdiation esseva un pauco plus accclerate
¢ plus intense. Nlo amontava a inter 4000 ¢
5000 r in inter quatro ¢ sex septimanas, ¢ in
certe casos radiation a supervoltage esseva
usate,

Le resultatos in le duo scries esseva simi-
lissime. Proque quatro casos cs includite
tanto in le un como ctiam in lc altere seric
¢ ctiam proque le numero total del casos ¢s
basse, Ic duo series es consolidate pro ex-
primer le sequente resultatos:

Inter dece-sex casos, octo se trovava ben
cinque annos post le opcration; un non sc
trovava ben; ¢ le remancnte septe patientes
esseva morte. Un del casos de Ferguson,
que sc trovava ben post cinque annos, dis-
veloppava metastases durante lc sexte e
moriva. Con istc exception, omne ¢ casos
que sc trovava ben duo annos post e opera-
tion se trova ben ancora a periodos de inter
cinque ¢ dececinque annos post le opera-
tion. Le caso que non se trovava ben cinque
annos post I chirurgia (ctiam in le seric de
Ferguson) vive a istc tempore, i.c. dece-tres
annos post le tractamento initial. Durante
plus que dece-un annos iste patiente ha
habite un abundantia de nodulos cutance
con intense prurito,

Le casos con minus que cinque sed plus
que duo annos passate depost le operation
include duo que se trova ben, un que non
s¢ trova ben, e un que es morte.

Le resultatos justifica essayos additional
del tractamento de precoce sarcoma osteo-
gene per roentgeno-irradiation  sequite
promptemente per le intervention chirurgic
como methodo preferite al immediate ampu-
tation initial.
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and do, occur. Sometimes 1t is difficult to get parents tO

uTement s made more Mt b understand and st s g
previously experienced normal functional so that periodic supervision by the sa
patterns. Rehabilitation of the upper ex- and a trained physical themp’;‘ is "i‘:’ss aZi
tremity 1n the cerebral palsy patient who It is important to encouraget e par o
previcusly had a normal extremity 15 much to see that the exercises are done pmph yr
easter than the habilitation of the child The exercises must be simple, and ltlst;lc
afflicted from birth Frequently, mental re- recommended frequency should be real o
tardation 15 present, and, when combined S° that they can be fitted into the pare
with possible hearing and visual defects, the schedule.

As a child grows it may be noticed that

problem may be insurmountable.
The treatment of the early-age group, certain deformities are developing in spltc
usually considered the preschool group, is ©f the exercises. Then, simple splinting in
the form of casts or Celastex molds can be

* From the Shriners’ Hospital for Crippled Chil- oung child
dren, Greenville, SC., and the Umted Cerebral used. These are advised in the y! %ate as
Palsy Clinic, Greenville General Hospital, Green- because they fit snugly and do not rof
ville, SC. debted to Dr G L Ford do conventional type braces.

The authorts are indebted to Dr George ‘ord, and develops
Fellow, Duke Umversity, Orthopaedics Traming As an awareness of the;‘ tarted, (gci
Program, for his assistance with the References. sumple active exercises may be s
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allows for the gradual correction of the de-
formity and prevents the development of
permanent contractures. It is also important
to remember that, in spastics particularly,
bracing must be used at night. Any amount
of training during the day will be nullified
by allowing this extremity to assume a flexed
or a deformed position during sleep.

SURGERY

Usually, the typical spastic upper extrem-
ity assumes a position in which the shoulder
joint is rotated internally and adducted.
The elbow joint is in a position of flexion
with the forearm in pronation. The wrist
and the fingers are in flexion, and the thumb
may be in a position of flexion and adduc-
tion (thumb-in-palm position). Some modi-
fications of these positions can occur. In the
athetoid, these positions may be present for
a time, but they change quickly, and no con-
stant pattern can be formulated. This is well
demonstrated by the athetotic phenomena of
spasmus mobdus. Surgery, if it is justifi-

able, must tend to correct these deformities
and improve the function of the hand or
place it in a better position so that it can
function.

“The majority of hand deformities result-
ing from cerebral palsy do not warrant sur-
gery.”** Of 800 patients up to the age of
18 years who were examined at the North
Carolina Cerebral Palsy Hospital during a
period of 3 years, 300 were found to be
eligible for general treatment after consid-
eration of their mental and physical condi-
tion. However, only 12 patients (4%) of
the selected 300 were considered for hand
surgery by Goldner.!

McCarroll'7 found that, in general, surgi-
cal treatment of deformities of the upper
extremity was quite unsatisfactory, and fre-
quently the improvement obtained is cos-
metic rather than functional. In 1,459 pa-
tients with lesions of the pyramidal tract,
only 125 operations were performed on 546
suitable cases, and of these only 16 yielded
a result that could be classified as good.

Fic 1. Typical reach-grasp mechanism in spastic type of cerebral palsy
showing supplementary reinforcement of finger extension by reaching with the
wiist flexed and closing with the wrist extended If the patient can do this well,
it 1s best not to perform surgery. (Stelhng, F H., & Ferguson, Albert, Jr:
Orthopedic Surgery in Infancy and Childhood, Baltimore, Williams & Wilkins)
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Fia. 2, Inability to extend wrist, May be improved by wrist arthrodesis,
but passive <plinting of the wrist should be used first,

Surgery of the upper extremity in all types
of cercbral palsy must be contemplated care-
fully. Scveral prerequisites are as follows:

1. Prolonged obscrvation by a traincd
surgeon is necessary. No surgical procedure
should be attempted until the extremity has
been subjected to bracing, splinting and a
cflrcful evaluation of the patient’s potentiali-
ties,

2 Generally speaking, surgery of the
Upper extremity before the age of 8 years
1s not advisable.

3. Very few, if any, procedures are adapt-
able 1o athetoids, rigidities or tremors. Best
surgical results are obtained in the spastic.
Limited surgical procedures applicable to
athetoids are the stabilizing ones,

4. Muscle evaluation, although difficult,
must be done carefully and repeated.

5. Sufficient intelligence should be pres-
ent to ensure co-operation,

6. Surgery may be considered on the use-
s hand for cosmetic reasons alone.
Intelligence is an important prerequisite
fo{ Stirgery, particularly in tendon-transplan-
tation procedures, A" definite level cannot
set dogmmically, but usually there must
be a desire for improvement of hand func-
tton, together with the ability to co-operate
10 any reconstructive procedures. Goldner!t

les

generally chose patients for surgery with an
intelligence quotient of about 70, although
this particular level was not adhcred to if
certain specific functions could be accom-
plished by doing the surgery. Surgery was
reserved for those patients with enough in-
telligence to allow them to follow through
with re-cducation and with enough initiative

F16 3. Positive plaster mold made with
the wrist extended. Plaster splint made
over the positive mold so that the splint
fits snugly to avoid shipping,
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allows for the gradual correction of the de-
formity and prevents the development of
permanent contractures. It is also important
to r ber that, in spastics particularly,
bracing must be used at night. Any amount
of training during the day will be nullified
by allowing this extremity to assume a flexed
or a deformed position during sleep.

SURGERY

Usually, the typical spastic upper extrem-
ity assumes a position in which the shoulder
joint is rotated internally and adducted.
The elbow joint is in a position of flexion
with the forearm in pronation. The wrist
and the fingers are in flexion, and the thumb
may be in a position of flexion and adduc-
tion (thumb-in-palm position). Some modi-
fications of these positions can occur. In the
athetoid, these positions may be present for
a time, but they change quickly, and no con-
stant pattern can be formulated. This is well
demonstrated by the athetotic phenomena of
spasmus mobilus. Surgery, if it is justifi-

Fic 1

able, must tend to correct these deformities
and improve the function of the hand or
place it in a better position so that it can
function.

“The majority of hand deformities result-
ing from cerebral palsy do not warrant sur-
gery.”5 Of 800 patients up to the age of
18 years who were examined at the North
Carolina Cerebral Palsy Hospital during a
period of 3 years, 300 were found to be
eligible for general treatment after consid-
eration of their mental and physical condi-
tion, However, only 12 patients (4%) of
the sclected 300 were considered for hand
surgery by Goldner.*

McCarroll*? found that, in general, surgi-
cal treatment of deformities of the upper
extremity was quite unsatisfactory, and fre-
quently the improvement obtained is cos-
metic rather than functional. In 1,459 pa-
tients with lesions of the pyramidal tract,
only 125 operations were performed on 546
suitable cases, and of these only 16 yielded
a result that could be classified as good.

Typical reach-grasp mechamism in spastic type of cerebral palsy
showing supplementary reinforcement of finger extension by reaching with the
wrist flexed and closing with the wrist extended  If the patient can do this well,
it is best not to perform surgery. (Steling, F. H., & Ferguson, Albert, Jr:
Orthopedic Surgery m Infancy and Childhood, Baltimore, Wilhams & Wilkins)



FiG. 2, Inability to cxtend wrist. May be improved by wrist arthrodesis,
but passive splinting of the wrist should be used first,

Surgery of the upper extremity in all types
of cerebral palsy must be contemplated care-
fully, Several prerequisites arc as follows:

L. Prolonged obscrvation by a trained
surgeon is necessary. No surgical procedure
should be attempted until the extremity has
been subjected to bracing, splinting and a
careful evaluation of the paticnt’s potentiali-
ties.

2. Generally speaking, surgery of the
upper extremity before the age of 8 years
1s not advisable.

3. Very few, if any, procedures are adapt-
able to athetoids, rigidities or tremors. Best
surgical results are obtained in the spastic.
Limited surgjcal procedures applicable to
athetoids are the stabilizing ones.

4. Muscle evaluation, although difficult,
must be done carefully and repeated.

S. Sufficient intelligence should be pres-
ent to ensure co-operation,

6. Surgery may be considered on the use-
less hand for cosmetic reasons alone.

Intelligence is an important prerequisite
fOr. surgery, particularly in tendon-transplan-
tation procedures. A’ definite level cannot
be set dogmatically, but usually there must
b; a desire for improvement of hand func-
tion, together with the ability to co-operate
In any reconstructive procedures, Goldner!!

L

gencerally chose patients for surgery with an
intelligence quotient of about 70, although
this particular level was not adhered to if
certain specific functions could be accom-
plished by doing the surgery. Surgery was
reserved for those patients with enough in-
telligence to allow them to follow through
with re-education and with enough initiative

Fi16 3. Positive plaster mold made with
the wnst extended. Plaster splint made
over the positive mold so that the splint
fits snugly to avoid slipping.
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to take advantage of the anatomic improve-
ment,

As previously stated, most procedures are
carried out on a spastic extremity, and,
unless otherwise indicated, the following
discussion applies to those cases classified as
spastic or the mixed typs. Surgical pro-
cedures available consist of tendon trans-
plantation, neurectomies, tenotomies and
tendon lengthenings, fascial releases and
arthrodeses.

It 15 emphasized that we cannot expect
the type of success from tendon transplanta-
tions that we obtain in the paralytic de-
formities. Phelps®* states that good long-
term results cannot be obtained from muscle
transplantations in either the spastic or the
athetoid patient because the injury in cere-
bral palsy does not involve individual mus-
cles, as in poliomyelitis or other lower motor
neuron lesions, but affects total joint function
or position, which is mediated through the
upper motor neurons. In the cerebral palsy
extremity we are dealing with paralyzed and
weakened muscles, but frequently the antag-
onistic muscles are spastic and unpredictable
in their action once they are transplanted to
their new position. It 1s important to study
the hand carefully and identify the charac-
teristics of each muscle prior to any type of
transplantation

NEURECTOMIES
Neurectomies about the hand and the
forearm have been found to be disappoint-

Fi16. 4. Active
supinatory func-
tion after trans-
plant of flexor
carpi ulnaris to ra-
dial styloid (Stein-
dler). This re-
moves ulnar flex-
ton deformuty and
adds  supination
power.

ing, particularly when used alone. A pro-
cedure employed frequently was the pro-
nator neurectomy. A review of these cases
over a period of 10 years at the Shriners’
Hospital, Greenville, 5.C., has proven thg?m
to be of little value. Selective neurectomies
of the ulnar and the median nerves are dis-
appointing because it is difficult to section
the correct number of nerves to control the
spasticity and also because the finger and
wrist extensor power fails to return.

STABILIZING PROCEDURES

Stabilizing procedures are much more suc-
cessful in improving function, particularly
about the wrist and the thumb. These pro-
cedures may be combined with tendon trans-
plantation. The order of these two proce-
dures is considered to be important, but no
dogmatic statements can be made. We have
found preliminary bracing to test the pos-
sible success of a procedure, then stabiliza-
tion and, finally, transplantation of tendons
to improve motor function to be most suc-
cessful. Goldner!! advocates tendon surgc’:ry
as the initial procedure following this with
the necessary joint arthrodeses. Cooper® be-
lieves that there is a latent capacity of the
spastic hand that generally is underestimated.
He states that after the wrist is fused success-
fully, ordinanly gradual improvement. in
active extension of the fingers develops with-
out assistance from splints, stretching or
Sul’gery.
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Contractures of fascial structures and
muscles do occur, particularly in the older-
age groups. Thesc should always be cor-
rected by adequate sectionings. Tenotomies
and tendon-lengthening procedures will be
of value in a very small number of cases. It
may be stated generally that tenotomies and
tendon-lengthening procedures have proven
to be more successful than neurectomies in
controlling an overactive spastic muscle.
One reason for this is because neurectomies
depend, to a large degree, on the surgeon’s
judgment. It is most difficult to evaluate
the degree of spasticity of 2 muscle and cut
enough of the nerve supply to improve its
function. It is agreed universally that too
litle should be done rather than too much.
Stabilizing procedures are more successful
than tendon transplantations becavse mus-
cles transplanted are spastic and, therefore,
unpredictable in their new location. Re-edu-
cation of the spastic muscle often is difficult,
if not impossible.

Now we can turn to more specific obser-
vations concerning surgical procedures of
the upper extremity. Contractures about the
shoulder and flexion deformities of the elbow

"

g and cxtension. (Stelling, F. H., & Ferguson, Albert, Jr.:
Orthopaedic Surgery in Infancy and Childhood, Baltimore, Williams & Wilkins)

usually do not warrant any type of correc-
tion. Occasionally the Sever operation may
be employed to correct a severe adduction
internal rotation contracture. The choice of
this operation would depend entirely on im-
proving the usefulness of an already satisfac-
torily functioning hand. It could be of aid
in improving axillary hygiene.

The elbow is usually in some degree of
flexion, and this, in itself, is a position of
choice. Tenotomies or lengthening opera-
tions of the biceps brachii are rarely, if ever,
necessary.

SURGERY FOR PRONATION DEFORMITIES

Most of the surgery abont the forearm is
designed to correct the severe pronation
deformities. An operation often employed
to assist in correcting this deformity and to
mprove supination is the pronator neurec~
tomy. This operation is unsatisfactory if
used alone; it should be combined with other
procedures. The pronator teres is power-
ful muscle, usually very spastic, and can be
transferred into the extensor carpi radialis
longus, thus supplementing wrist extension,
‘When this is done, it is advisable to consider
transferring the fiexor carpi ulnaris into the
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extensor carpi ulnaris to prevent radial devia-
tion of the wrist. The technics of Steindler®
and Green'? in the transplantation of the
flexor carpi ulnaris have been useful in re-
moving the flexor carpi ulnaris as a producer
of the flexion-ulnar deviation deformities of
the wrist and using it to help correct spastic
pronation deformity. The two procedures
differ in that Steindler transplants the flexor
carpi ulnaris directly into the distal end of
the radius; Green transplants the flexor carpi
ulnaris into the extensor carpi radialis
longus, thereby utllizing the tendon trans-
plant to obtain some wrist extension as well
as to correct the pronation deformity. With
either of these two preceding operations it
is advisable to remove the effect of a spastic
or contracted pronator teres by its transplan-
tation or denervation and tenotomy. The
pronator quadratus should not be ignored
as a deforming factor and should be sec-
tioned if it is spastic or contracted. Fre-
quently it is found that all procedures de-
signed to improve the severe pronation
deformities fall far short of the desired
improvement of function. Often correction
of the deformity is the only end-result.

ARTHRODESIS OF THE WRIST

Perhaps the most valuable operation of
the entire upper extremuty is arthrodesis of
the wrist. This procedure corrects a disabling
deformity, and the improvement of position
allows for better function of the finger ex-
tensors. The appearance of the hand is im-
proved and 1s important in its psychological
effect on the patient, particularly the hemi-
plegic. The success of wrist fusion is largely
dependent on the potential muscle power
in the wrist and the finger extensors, Occa-
sionally, transplantation of the wnist flexors
may be necessary to improve the function of
the finger extensors; however, these trans-
plants will improve the extension of only the
metacarpophalangeal joint and not the inter-
phalangeal joints,

Successful extension of the interphalangeal
joints depends on normally nnervated m-

trinsics, a condition seldom found in the
spastic hand. Carcful observation of the
flexed wrist will reveal that some patients
have fairly good function of the hand in the
flexed position. This is true because the
wrist flexion allows for adequate extension
of the fingers. It js inadvisable to attempt
to improve this type of hand by wrist arthro-
desis and/or transplantation. It must be
reiterated that no surgical procedure should
be carried out until the surgeon is thor-
oughly familiar with the patient’s capabilities
Technics of wrist fusion vary, and many
are successful. Some basic principles that
are bencficial to the spastic hand will be
considered. Sometimes it is advisable to
remove a row of carpals to give more length
to the contracted flexor tendons. Total car-
pectomy and fusion of the radius to the
metacarpals may be indicated in severe cases
of flexion deformity and contracture. I'n
those cases with marked flexor spasticity it
is advisable to extend the fusion into the
metacarpals, obliterating complelely any
wrist-joint motion. In some hands a few
degrees of motion may be necessary to per-
mit a tenodesing effect and to allow for an
automatic grasp and release. In these hands
it is advisable not to fuse the carpometacar-
pal joint. .
Generally, wrist fusions are advisabl§ in
a position of 20° or 25° of extension.
Eggers® suggests a 35° hyperextension,
stating that some of the hyperextension 1S
lost carly in the spastic hand and that addi-
tional flexion at the wrist occurs during
subsequent years. .
Goldner'? has found that, for certain
hands, the neutral position of 180° has.been
satisfactory, while others have functioned
best in 5° or 10° of flexion. He believe§ ti}at
in the hyperextended position there is n-
creased tension on the finger and the thumb
flexors, thereby increasing the finger-ip-palm
and thumb-in-palm deformity. Considerable
ulnar deviation of the fused wrist is advo-
cated in an effort to help correct the “!Pfum?‘
in-palm” defomity. Placing the wrist 1
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ulnar deviation throws stress on the thumb
extensors and abductors to help pull the
thumb out of the palm, Rescetion of the
distal end of the ulna may be helpful in
these wrists in sccuring more ulnar deviation.

THUMR-IN-PALM DEFORMITY

The “thumb-in-paln™ deformity is the
second most disabling problem in the spastic
hand. Its position prevents grasp, and, be-
cause of the spastic musculature, there occur
contractures that prevent any useful motion
of the thumb. Frequently, if the deformity
is of a mild degtee, simple ulnar deviation
of the fused wrist, as previously described,
will place it in a satisfactorily functioning
position.

Tendon transplantation used alone about
the spastic thumb gives disappointing re-
sults. Usually, some type of stabilization of
the metacarpophafangeal or the carpometa-
carpal joints is necessary, Frequently, com-
bining the two procedures will improve gross
function, provided that the transplanted
tendons can be re-cducated.  Stabilizing
procedures about the thumb vary in type
and extent. Bone-grafting between the first
and the second metacarpals provides good
stability and optimum position, but there is
a tendency for the deformity of the thumb
to recur with growth. Hyperextension, hy-
perflexion and instability of the metacarpo-
?halangeal jomnt occur frequently, making
1t necessary to fuse the joint secondarily. A
satisfactory stabilization can be obtained
more easily by arthrodesing separately the
metacarpophalangeal and the carpometacar-
pal joints of the thumb.

Steindler™ is of opinion that tendon trans~
plantation about the thumb provides no last-
ing effect and that in time the thumb as-
Sumes its original position. He advocates
stabilizing the carpometacarpal and the
memc?rpophalangeal joints in a position of
opposition to form a “firm post” against
which the fingers of the hand are moved. He
reports 50 per cent good and 43 per cent
boor results from the use of this operation.

Goldrner! lias advocated transplantation
of active wrist or finger flexors to the exten.
sor pollicis fongus. He has also recom-
mended rerouting the extensor  polficis
longus, thereby decreasing the chance of
the thumb's rolling into exiernal rotation and
adduction. If the metacarpophatangeal joint
of the thumb is unstable, he favors {usion at
the same time that the transfer to the exten-
sor polficis longus is done. In any procedure
used to improve the “thumb-in-paim’ de-
formity, it is advisable to eliminate spasticity
and contracture of the thumb web by sce-
tioning tight thumb web fascia, stripping the
first dorsal interosscous from the first meta-
carpal and sectioning the adductor pollicis.

Finger function can be improved occa-
sionally by the transplantation of an active
motor, such as a wrist flexor, into the ex-
tensor digitorum communis. Other proce-
durcs advocated frequently for paralytic
deformities about the hand have been suc-
cessful in only a very limited number of
cases. They should only be attempted by
the experienced hand surgeon after pro-
longed observation, careful planning and
reasonable assurance that the procedure has
a fair chance of improving the function.
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Extremitate Superior

Sumemario in Interlingua

Le rehabilitation del extremitate superior
n paralyse cerebral, e plus ancora le habili-
tation del nunquam usate extremitate supe-
rior in tal casos, es un problema difficile que
depende in grande parte del appropriate
selection e classification del patientes.

A basse etates, le tractamento de omne
classes de patientes visa a render le infante
conscte del existentia del mano, comenciante
per extension passive ¢ continuante per exer-
citios active e therapia occupational. Un
simple apparato es possibilemente de adjuta
in prevenir le disveloppamento de deformi-
tates. Illo etiam servi a eliminar certe movi-
mentos in les trainamento del infante. Re-

striction del mano normal o dominante non
debe esser tolerate a ulle tempore o pro ulle
rationes.

Le apparatos usate debe esser plus pesante
que illos usate in casos de paralyse flaccide.
Lor function debe esser primarimente sup-
portative, Apparatos dynamic es general-
mente pauco satisfactori. Le uso de appa-
ratos orthopedic es etiam de valor como
adjuta in le evalutation pre-chirurgic det ex-
pectate efficacia del intervention chirurgic
mesme,

Interventiones chirurgic es de valor 1n sol-
mente pauc e cautemente seligite casos. A
generalmente paslar, illos non debe esser
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interprendite ante le ctate de octo annos, ¢
mesmo alora rarmente in casos de athetosis,
rigiditate, o tremor.

Le melior resultatos chirurgic cs obtenite
in casos spastic. Le intclligentia del patiente
es un factor importante in le determination
del successo chirurgic.

Fusion carpal es, per multo, Ie manovra
chirurgic le plus satisfacente. Frequente-
mente illo pote esser combinate con allonga-~
tion o transferimento de tendines. Le stabili-
sation del pollice in un position functional—
como “palo de supporto™ con omne le arti-
culationes stabilisate o con un combination
de fusion e transferimento de tendine—es
etiam un manovra satisfactori,

Neurectomias per sc es disappunctate, sed

in combination con alterc mesuras illos es
frequentemente utile,

Liberation fascial ¢ tenotomias es de valor
in certe casos. Le interventiones chirurgic in
le region del cubito ¢ del spatula es extreme-
mente inextense. Iilos es justificate solmente
in lc forma dec manovras de liberation.

In le antebracio le majoritate del opera-
tiones visa a corriger le deformitates pro-
national. In tal operationes il se tracta usual-
mente de ncurectomia o de transferimento
del pronator terete. Transplantation del
flexor carpal ulnari, con Ie objectivo de facer
lo ager como supinator e extensor, es etiam
de valor.

Es discutite detalios technic relative al
fusion carpal, al fusion del pollice, ¢ al asso-
ciate transferimentos de tendine,
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Anteversion of the Femoral Neck

T. GorpoN REYNOLDS, M.D., AND FRED E. HERZER, M.D.*

TERMINOLOGY

Anteversion of the femoral neck is a for-
ward twisting of the femoral neck, actually
external rotation of the upper end of the
femur in relation to the lower end, or an in-
ternal rotation of the lower end in relation to
the upper end. The term femoral torsion is
also used when referring to this relationship
between the lower and the upper ends of the
femur.

The angle of anteversion of the femoral
neck could be defined arbitrarily as the angle
between two planes (Fig. 2, I) that intersect
in the Iongitudinal axis of the femoral shaft,
one passing through the neck and the center
of the head and the other parallel to the trans-
verse axis of the condyles (and passing pos-
teriorly to the center of the head of the
femur). If this transverse plane passes ante-
riorly to the center of the femoral head, then
retroversion is present.

In adults, normal anteversion is about §°
to 15°; in children 1 year old, it may be as
much as 50° (Somerville;2? Budin & Chan-
dler®). Shands and Steele!® found that in-
fants up to 1 year had an average of 39°; at
2 years it was 31°, with gradual decrease to

24° at 10 years; and at 16 years it was 16°.
With weight-bearing, anteversion begins to
decrease.

Both the cervicofemoral angle and the
amount of anteversion may become altered
by abnormal stresses from muscles, ligaments
or weight-bearing, as in congenital disloca-

* Los Angeles, Calif
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tion of the hip, poliomyelitis, cerebral palsy
and improper habit posture of sitting or
sleeping,

While it is impossible, even on a dry
femur, to measure the amount of anteverston
preaisely, because of the difficulty in drawing
straight lines and angles that approdmate
the complicated curves found in nature, a
fairly accurate knowledge of the amount of
anteversion is of great importance in the
treatment of children with congenital or
paralytic dislocation of the hip. It is also
of importance to know the amount of ante-
version in such conditions as coxa vara,
coxa plana, clubfeet and other develop-
mental or metabolic abnormalities of the
lower extremities. At times, gait and pos-
ture problems are also associated with ab-
normal anteversion. If a rotational osteot
omy is to be used to correct excessive ante-
version, it is helpful to know as accurately
as possible the amount of anteversion
Presentlﬂ,lo.llll,l&

Routine anteroposterior and frog-leg roent-
genograms of the hip (Figs. 3 & 4) can show
the amount of anteversion of the femoral
neck, if taken with proper positioning of the
extremities. By its very simplicity and ease
of application, this method of determining
anteversion will lead to a better understand-
ing of the relationship of anteversion not
only to congenital dislocation of the hip but
also to the many other conditions affecting
gait in children.

In recent years there have been pub-
lished several papers describing various
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Fig. 1. B. D, 4
years old. Frog-leg
lateral and antero-
posterior  views "n‘l:
upper femur.  “a
shows posterior dis-
placement  femoral
shaft and *b” the
lateral displacement
in relation to center
of head. A right
trinngle with sides
proportional to “a”
and *“b” illustrates
amount of antever-
sion angle “A,” op-
posite side “a.”

NOTE: The dot-
ted line (lateral view
upper) represents on-
ly the axs of the up-
per end of the shaft,
while the solid line 1s
the axis of the entire
shaft.

Use the solid line
for measuring ante-
version, It is more
accurate, especially
when thighs are not
fully abducted.

Using broken
Iine to measure “b”
would make angle
“A” 40° instead of
34°

methods of determining roentgenographi-
cally the amount of anteversion of the fem-
oral neck.!->71113,1318 The special position-
mg required in most of these cannot be
adapted to routine anteroposterior and frog-

leg lateral roentgenograms taken ordinarily
of the hips.

RIGHT-TRIANGLE METHOD OF
DETERMINING ANTEVERSION

If someone tells you that he lives 6 blocks
east and 6 blocks north of a certain spot
(Fig. 2, 1II), then you know that he lives
45° north of east of it. Similarly (Fig. 2,
I1), the axis of the femoral shaft can be

thought of as being displaced posteriorly
and laterally to the head. These distances
can be measured on true lateral and antero-
posterior roentgenographic views. Figure 2,
IT is a diagrammatic representation  that
shows both “a” posterior and “b” lateral dis-
placement of the femoral shaft if projection
could be made in line with the axis of the
shaft.

The procedure is as follows:

1. Measure on the frog-leg lateral projec-
tion (Fig. 1, top) the distance “a” from the
center of the head to the extended axis of the
femoral shaft This shows the posterior dis-
placement of the shaft (Fig. 2, 11).

2. Measure on the anteroposterior view



I Axis of fermoral neck

,

,
.,
7
%

Axis of femoral shaft
™~

\i\\n,cjle of an-
\=teversion

Transcondylar
axis

o

Fic 2 (Top)I-—An-
teversion of femoral
neck is the angle be-
tween two planes,
both through the
shaft and one
through the neck and
the head, the other
transcondylar. If —
In axial view of fe-
mur angle between
neck and transcon-
dylar plane is “A”
the anteversion *“a”
posterior and “b” lat-
eral displacement of
shaft also shown.
(Bottom) 11— Di-
rection  determined
by two measure-
ments taken at 90°
to each other.
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(Fig. 1, bottom) distance “b” from the cx-
tended axis of the femoral shaft to the center
of the head. This gives the lateral displace-
ment of the femoral shaft from the head
(Fig. 2, 11).

3. Draw a right triangle (Fig. 1, bot-
tom) with altitude and base proportional to
“a” and “b.” Measure angle “A” opposite
side “a”; this is the angle of anteversion.

Caution. Do not measure the wrong angle

Fi6 3. (Top) Posttion for antero; ior vi
posterior view of hi
f{?d support under knees to prevent external rotan'con !
rog-leg lateral.” Note adjustable platform, Knees flexe

on the right triangle. Angle “A,” the ante-
version, is opposite side “a,” and side “a” is
the posterior displacement shown on the
frog-leg lateral. Is the result obtained rea-
sonable? If the femoral shaft is more lateral
(“b™) than posterior (“a”), anteversion will
be less than 45°. If *a” is greater than “b,”
then anteversion will be more than 45°.

If, instead of drawing the triangle (Fig. 1),
you prefer a slide rule, the formula that

ps. Note gonad shield
(Bottom) Position for
d 90°, Legs horizontal,
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Fic 4. (Upper two illustrations) A. B.,

10 months, anteverston 45° (Lower two
illustrations) D R., 4 months, anteversion
night hip 60°,

probably was the first that we learned in
trigonometry may be used:

__a_
tan A = b

POSITIONING

Proper positioning s necessary for accu-
rate results.
It 1s advisable to protect the gonads by a

shield that does not obscure the hip joints.

The anteroposterior view of the femoral
neck as shown in an ordinary flat of the
pelvis (Figs. 1, bottom, & 3, top) with the
femur in the anatomic position is adequate
because it brings the transcondylar axis into
a horizontal plane parallel to the table top.
Any other position that keeps the trans-
condylar axis of the femur in the horizontal
plane can also be used. Flexion does not
affect the value of “b,” but rotation would.
Actually, accuracy is facilitated by tying the
knees together and flexing them about 20°
over a support.

The so-called frog-leg lateral of the hips
(Figs. 1 & 4, top, & 3, bottom), to be trug lat-
eral, must have two specifications. The
knees are bent to a right angle, and the
tibias are held horizontally. The thighs are
abducted as far as is comfortable, The more
the abduction the greater the accuracy. It
can be shown geometrically that this posi-
tion—the knees flexed to 90° with the tibias
in the horizontal position—rotates the femur
90° on its long axis in relation to the axial
x-ray so that the transcondylar plane is now
perpendicular. Positioning the frog-leg view
is facilitated by supporting the legs on an
adjustable platform

Note. Theoretically, the amount of abduc-
tion in either a vertical or a horizontal axis
has no effect on the distance “a.”

This variation, permissible in positioning,
often makes it possible to place the femur
properly for a true lateral, even when con-
tractures are present, Calculations are more
accurate, especially in small children, if the
entire length of the femur 1s included in the
picture.

1t is interesting to note that if a frogleg
lateral view is posttioned properly with the
x-ray tube centered over the upper end of
the femur, regardless of the amount or the
direction of abduction, the roentgenogram of
the knee will depict a right angle.
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It should be noted that “truc lateral” as

sed here means only that the transcondylar
xis is in a vertical planc common to the
xial x-ray. Error due to the centering of the
ibe between the femoral heads instead of
ver the head is slight and can be disre-
arded.
Proper positioning is of the utmost im-
ortance. If the technician understands
horoughly the principle involvcd,.crror from
yositioning can be reduced to a minimum.

WHERE SHoutp THE LINES BE DRAWN?

On both anteroposterior and lateral pro-
ections the center of the head is marked
with a small dot (Figs. 1 & 4). A pair of
fividers can be used to locate the center
more accurately.

In children in whom the epiphysis has not
ossified, a point midway across the metaph-
ysis will approximate closely the center of
the head (Fig. 4).

L. On the lateral view (Figs. 1, top, & 4,
top) a line drawn along the poslerior cortex
of the middle one third of the femur and
extended proximally to the level of the head
will pass through the base of the femoral
neck and will represent the axis of the fem-
oral shaft. This line would also pass through
the mid-line of the lower end of the shaft.

Measure distance “a” from this line to the
center of the head.

If greater precision is desired, the “base of
the neck” can be Iocated as follows (Fig. 1,
10p):

A Draw a line through the center of the
head and through the mid-line of the neck.

B. Place a dot in the midline of the
upper one third of the femoral shaft at the
narrowest portion. Extend a line proximally
from this point parallel to the anterior cor-
tex. Its intersection with the line through
the center of the neck is the “base of the
neck.” The axis of the femoral shaft shonld
pass through this point,

2. On the anteroposterior projection
(Fig. 1, bottom) place two dots in the mid-

line, one at the upper and the other at the
lower end of the shaft. Extend a line through
these proximally to the level of the head.
This linc represents the axis of the femoral
shaft,

Measure distance “b” from this line to the
center of the head,

For more precise results use a fine-line
wax pencil. Wax-penci! markings can be
changed or removed Jater if desired. We
have found that, instead of marking on the
film, a strip of cleared x-ray film on which a
long straight linc has been placed is more
accurate. This can be superimposed on the
film and moved casily onc way or the other
until the exact position desired is obtained.
Measurements then are taken before the
strip is moved. A horizontal view box is
more convenient than a vertical one in
taking these measurements,

DEGREE OF ACCURACY

The above method of measuring antever-
sion of the femoral neck is recommended
after a careful study of the skeleton. Actual
anteversion was measured by visual inspec-~
tion of dry femurs and roentgenographic
axial views of the same bones, Anteroposte-
rior and 10°, 30° and 90° frog-leg views
also were taken. By drawing the lines as
described above, the caleulated anteversion
on these views was within =3° of the aver-
age of measurements on the axial X-1ay pro-
jection. The 10° abduction view showed
the greatest deviation. In clinical use an
error less than ==10° is expected.

ESTIMATION OF ANTEVERSION
BY INSPECTION ONLY

Probably the most frequent use of this
method is that, once the principle is under-
stood thoroughly, the amount of anteversion
can be estimated roughly by only a glance at
t}‘)esc special anteroposterior and frog-leg
views.

L. There is about 45° of anteversion if
both views show the head to be about the
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b

FiG. 6. (Above) Maximal internal rotation. (Right)

Maximal external rotation.

same distance from the axis of the femur
(Fig. 5, I).

2. There 1s moderate to severe antever-
sion if the anteroposterior view shows ap-
parent valgus and the frog-leg lateral shows
considerable anterior angulation of the fem-
oral neck (Fig. 5, IT). In actual valgus the
head usually sits higher than normal How-
ever, valgus cannot be diagnosed from an
anteroposterior view alone. A long neck
may be associated with severe anteversion
(Fig 5, IiD).

3 Anteversion probably is normal if the
lateral view (Fig. 5, 1IV) shows the head
closer to axis of shaft than anteroposterior
view,

4. Retroversion is present if the lateral
view shows the head to be posterior to the
axis of the femoral shaft (Fig. 5, V).

5. If both anteroposterior and frog-leg
views (Fig. 5, VI) show a long neck with
little angulation of the neck, the femoral
neck is in true valgus, and any calculation

of anteversion is probably of little signifi-
cance.

CLINICAL ESTIMATION

The value of physical examination in esti-
mating anteversion must not be neglected.
With the child sitting on the examining table
with knees and thighs flexed to 90°, the
range of internal and external rotation of
the thighs (hips) is observed (Fig. 6).
If internal rotation is 80° or more and ex-
ternal rotation is only 20° or less, moder-

Fic 5. (I) T. H, 3% years Anteversion about 45°,
same 1n anteroposterior and lateral. (II) L. B, 3

62°)  Anteroposterior. apparent valgus.

Lateral: iderable posterior d
of femoral shaft (ilI) B, B., 9 years. Severe anteversion. -

valgus (IV) N. B, 5 years. Anteversion normal,

Cervicofemoral angle about
% years. Severe anteversjon {measured
1

ent
Anteroposterior: apparent

Anteroposterior: cervicofemoral
angle average. Lateral: shght posterior displacement. (

Lateral shows anterior displacement of shaft, (V) $ B

V)S. M, 9 years Retroversion.
«+ 4%% years. Neck in true valgus,
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ately severe anteversion is present, and the
child probably walks pigeontoed, sleeps on
the stomach with legs rotated internally, and
sits on the floor between his legs. This
clinical method of estimation is of less value
in infants or in dislocated hips. Routine
physical examination of a child should in-
clude checking the internal and the external
rotation of the thighs,
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Anteversion del Cervice Femoral;
Un Methodo de Determination per Medio de un Triangulo Rectangule

Summario in Interlingua

Le grado de anteversion del cervice femo-
ral pote esser mesurate directemente per
medio de duo roentgenogrammas antero-
posterior. In le prime le coxas se trova in

posttion anatomic. Le secunde es un exposi-
tion lateral a “gambas de rana,” i.e. (a).le
genus es flectite a 90 grados, (b.) le (!b‘ms
es supportate parallel al tabula—in position
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horizontal—sed it non es neeessari que le
tibias es paraitel e un al altere, ¢ (¢) abduc-
tion cs effectuate in tanto que lo subjecto
pote sequer sin disconforto. Iste pasition
produce un rotation del femore per 90
grados pro I projection kateral,

Anteversion del cervice femoral a torsion
femoral cs un angulztion anterior det capite
e del cervice femoral in relation al axe
transcondylar,

In altere paralas, si in le position anato~
mic det femore tc diaphyse femoral es dos-
placiate retrors ¢ ctiam fateral
int relation al capite femoral, on ha demon-
strate e presentia de anteversion,

Le supra-describite position rende passi-
bile meswrar in le roentgenogramma le duo
distantias hic designate como "1™ ¢ *b," i.c.
“a" = le displaciamento posterior del axe
del diaphyse femoral ab le centro del capite
¢ "b" = l¢ correspondente displaciamento
lateral. Un angulo triangule ¢s construite in
que le altitude ¢ Jc base es proportional a

:‘a" ©“b." Le angulo “A” opposite al Jatere
‘" es mesurate. Mo cs le angulo def ante-
version,

Attention: Nos mesurar le false angulo!
Sile diaphyse femoral monstra un displacia-
mento fateral in excesso del displaciamento
posterior, le anteversion debe esser minus
que 45 prados,

Angulo “A” pote ctiam esser trovate sc-
cundo fe formula:

tangente A = %

In consequentia del curvatura anterior del
fEmcre, un finea representante e axe del
integre diaphyse femoral passa in le vista
late.ral 2 transverso Ic cortice posterior del
tertio mediaf def diaphyse e le termino supe-
fior dAel diaphyse,

In juveniles, 1o centro def metaphyse pote

esser considerate como e centro del capite.

Anteversion normal in adultos cs inter 8
¢ 18 grados. In parvulos, anteversion nor-
mal pote attinger 50 grados.

Anteversion anormal ¢s incontrate fre-
| in {(a} ¢ subluxation
o dislocation del coxa, (b) paralyse partial,
past poliomyelitis o paralyse cerebral, ¢ (¢}
probi de ambulatura, tanto a digito
pedal extrarse como etiam introrse.

Familiaritate con iste methodo permitte at
medico facer estimationes approximative del
grado de anteversion exclusivemente super
le base de un examine del mentionate expo-
sitionies special antero-posterior € a gambas
de rana.

Si ambe expositiones monstra fe capite a
plus o minus le mesme distantia ab Je axe
det femore, fe anteversion amonta a circa
45 grados.

Si e exposition antero-posterior revela
valgo apparcnte durante que le exposition
fateral o gambas de rana monstea grados
considerable de apparente angulation anterior
del cervice femoral, I anteversion ¢s mode-
rate o sever,

Si le exposition lateral monstra le capite
in un position plus proxime al axe de} dia-
physe que le exposition antero-lateral, le
anteversion es probabilemente normal,

Si tanto le exposition antero-lateral como
ctiam le exposition a gambas de rana mon-
stra pauc angulation del cervice, le cervice
femoral ¢s in valgo ¢ omne calculation del
grado de anteversion es probabilemente sin
grande signification.

Si in parvulos satis avantiate pro ambular
le examine physic revela un excessive rota-
tion interne insimul con un reducite rotation
externe del diaphyse femoral, isto es usual-
mente un indication del presentia de antever-
sion. Assi un satis accurate estimation es
obtenite.
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The Role of the Orthopaedic Surgeon
in a Crippled Children's Program;
Experiences in an Urban Community

RoBeRT 8. SIFFERT, M.D.*

The criteria used to measure the caliber
of care of handicapped children and to set
the goals for a crippled children’s program
are not pecessarily similar in all communi-
ties, There are no absolutes that are applica-
ble universally in evaluating services for or-
thopaedically handicapped children, whether
rendered in hospitals, public health agencies,
clinics or schools. In fact, the requirements
of children in urban and in rural communi-
ties may vary tremendously because of basic
differences in ways of lfe, as well as in
vocational, social and educational standards.
The technics of rendering health services
themselves may vary also, depending on the
availability of these services or differences
in philosophy as to how they should be prac-
ticed Further, because of basic differences
in the administration of state crippled chil-
dren’s programs, local communities of simi-
lar size with similar facilites may have
completely different programs.

Remarkable changes have occurred in
the nature of clinical orthopaedic practice
during the last two decades. The most
outstanding has been the decline in the
incidence of chronic conditions, such as os-
teomyelitis, tuberculosis and pohiomyelitis,

* Sentor Orthopaedic Consultant, New York City
Department of Health.
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because of antibiotic and prophylactic vac-
cine therapy, and public health measures.
Teaching programs in medical schools, in-
ternships and residencies, as well as post-
graduate education of the practicing physi-
cian through medical jourals, graduate
courses and inservice training programs for
school-health and child-health physicians,
have emphasized the importance of early
diagnosis and early case-finding. When early
referral is made, improved surgical and re-
habilitation technics can be effective in
reducing the late deforming effects of trauma
as well as of congenital and develop I
deformities that formerly required Jong and
repeated periods of hospitalization. Changes
in population trends, availability of hospital
and ambulatory medical care, as well as
educational, vocational and economic fac-
tors, have also been involved in the steady
decline in the number of hospital-treated
orthopaedic cases and the steady increase in
numbers of those seeking and requiring am-
bulatory treatment Therefore, as ortho-
paedic surgeons, it may be well for us, in
view of constant changes, to re-evaluate our
role and responsibility peniodically to ensure
that orthopaedically handicapped children
of the present and the future will receive the
maximum benefit from ever-advancing skills
of surgery and rehabilttation. Clinical ortho~
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pacdic knowledge and experiences can scrve
administrators of hospitals and public health
directors of state and local agencics as lh.c
most important bascline and guide i.n their
current and future planning of realistic com-
munity programs for the care of these chil-
dren. Through affiliation with local health
agencies and local medical soci.clics, the
orthopaedic surgeon can participate and
offer leadership in the guidance of crippled
children’s programs toward the development
of comprehensive and co-ordinated care.
When he does not participate, or offers an
opinion in consultation only when solicited,
there is no real guidance, and the emphasis
tends to be more on the administrative than
on the dynamic medical and total care
aspects of the program,

The nature of this type of co-ordination
must necessarily vary from community to
community. In smaller areas, individual
clinics or individual physicians may be the
principal source of care for orthopaedically
handicapped children. In the larger commu-
nities, care is centered more effectively
within larger general institutions, where all
medical (orthopaedics, pediatrics, physical
medicine and rehabilitation, and other con-
sultative services) and paramedical (nursing,
soctal service, admunistration, vocation,
education, recreation, etc.) facilities are
available

Experiences with the New York City Crip-
pled Children’s Program (Medical Rehabili-
tation Program), administered through the
Bureau for Handicapped Children of the De-
partment of Health, with which the author
has been associated for some years as con-
sultant, form the basis of this discussion,
which, in general, expresses the philosophy
and the goal of comprehensive care for these
children in this large urban community.

There is much diversity of opinion as to
the role of a health department or @ com-
munity health agencyina crippled children’s
program. Since public health agencies are
charged with the responsibility of maintain-
ing a high caliber of total health care in the

community, they should also be concerned
with the quality of carc available to ortho-
pacdically handicapped children. A com-
munity program cannot succeed if it is based
on preconceived concepts. Careful and de-
tailed fact-finding constitutes the first step.
Before realistic plans can be evolved within
a community, it is necessary to make per-
sonal surveys of local facilities, both clinical
and noncfinical, in hospitals, clinics and
treatment centers, as well as of the com-
munity facilities available, including cduca-
tion, social service, public health nursing,
vocation and recreation. The surveys must
include a feam evaluation with representa-
tives of all medical and paramedical special-
ists present, so that the information obtained
will represent all areas of medical and para-
medical care.

Once these facts have been collected, a
philosophy of care must be evolved as the
second step. The frame of reference used
by the health agency in putting this philoso-
phy into practice is actually a set of ideal
standards—standards that both the institu-
tions and the community agree to subscribe
to in striving toward the development of a
caliber of care worthy of the efforts and the
carefully considered thinking of those con-
cerned with the total well-being of the ortho-
paedically handicapped child. The conno-
tation of standards often implies a rigid set
of preconceived or beaurocratic principles.
Therefore, it is of the utmost importance
that all concerned have a crystal-clear pic-
ture as to concept. This perhaps should be
defined rather as a guide than a set of stand-
ards, representing ideal goals that will be
used as the blueprint for planning and im-
proving total services within the institutions
in the commumty and in the community as
a whole. Basically, therefore, it must Tepre-
sent a frame of reference to which all con-
cr:med agree, including orthopaedists, pedia-
tricians, physiatrists, public health physicians
and .administrators, other medical and para-
medical specialists, institutions and commu-
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nity agencies, so that efforts are directed
uniformly and services are not duplicated.

For these reasons the guide never should
be evolved without the co-operation of inter-
ested and concerned medical and community
personnel, preferably in the form of an ad-
visory committee. In smaller areas, medical,
paramedical and community agencies may
be consulted individually, but, where pos-
sible, it is generally more effective to develop
a formal advisory committee, preferably with
rotating membership, that is widely repre-
sentative of medical and community leaders
from appropriate medical and paramedical
specialties By this technic, not only can the
orthopaedist obtain support for his program,
but he can benefit from the experience and
the opimons of those concerned in other
facets of care of the orthopaedically handi-
capped child.

The fact that a set of standards has been
developed should not be accepted as the
final answer. As clinical practice changes
and hospital consultants and hospital staffs
acquire further knowledge and understand-
ing, peniodic revision of established stand-
ards is indicated. Too often the standards
adhere to a bygone era.

These first two steps, 1.e., fact-finding and
goal, or standard-setting, acquire practical
significance only when they become part of
an ongoing dynamic program under the
guidance of the local health agency. This
depends upon close relationships among all
participating  physicians, institutions and
agencies, and also upon frequent confer-
ences of the health agency, the advisory
committee and the participating institutions
and physicians to discuss the philosophic
and the practical direction of future planning,
Therefore, all institutions benefit from the
pooled experiences of other institutions in
the community faced with similar problems.
The orthopaedist must be able to interpret
to the medical and the paramedical person-
nel the suggestions and the recommendations
of the advisory committee, gearing them spe-
cifically to the requirements of the handi-

capped children in that community, as well
as to the limitations of and the facilities
available in the particular institution. To
overburden an institution with idealistic and
impractical goals is frustrating and confus-
ing, but sensible and realistic step-by-step
recommendations possible of accomplish-
ment will be helpful. Therefore, an ongoing
program consists of periodic re-evaluation
of an institution’s needs, problems and goals
in reference to those of the community as a
whole; conferences with the advisory com-
mittee productive of realistic recommenda-
tions to the institutions and the health
agency; and reappraisal of the role of the
various institutions in the light of medical
and community changes that eventually may
necessitate reconsideration of the goals of
the crippled children’s program as a whole.

Important as improving existing facilities
may be, the influencing of administrators of
programs toward expansion should be con-
sidered. Examples demonstrating the fact
that handicapped children are not reaching
their optimum potential because of lack of
therapy or vocational, educational or other
community facilities or opportunities usually
open new vistas in public health planning in
the development of these services. An ad-
visory cc tee of « ding c ity
leaders, convinced of these needs, can be
of enormous help in influencing public health
and civil administrators. Usually, not until
a need is demonstrated medically are steps
taken in the community to cope with it
For example, it is the orthopaedist who can
document the change in needs for better
outpatient facilities with more inclusive serv-
ices; for better teaching programs for pedia-
trictans and general practitioners in early
diagnosis; for better follow-up technics and
better facilitics for education, vocational
training and rehabilitation of the handi-
capped child. By insisting upon the impor-
tance of early diagnosis in preventing perma-
nent crippling deformities, he alone may
convince the directors of pediatrics to in-
clude orthopaedic outpatient training in their
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residencies so that they may become familiar

ra-

sory Committee made specific and realistic

rece wdations for institutions, The survey

with office orthopacdics, hospital .
tors to expand clinic facilitics, and pub.hc
health administrators to expand community
resources and vocational and educational
opportunities. .

In New York City, qualified orthopaedic
surgeons who are engaged in private prac-
tice and are active members of hospital
staffs serve as part-time consultants on the
crippled children’s program. Each hos a
responsibility for a particular part of the
program, participating actively in both the
current and the future planning for better
care. Their various roles are outlined briefty
as follows,

HOSPITAL CONSULTATION

Because of an awareness that its com-
munity responsibility toward orthopaedically
handicapped children should extend beyond
the administrative role and payment for care,
the Health Department has been concerned
that (1) the over-all care being rendered
should be of good quality; (2) every assist-
ance possible should be offered to improve
the caliber of existing care; and (3) new
services should be planned in anticipation of
future medical and community needs.

In the area of fact-finding, hospitals par-
ticipating in the crippled chuldren’s program
were surveyed personally by a team consist-
ing of consulting specialists in orthopaedics,
physical medicine and rehabilitation, and
pediatrics, a public health nurse and a medi-
cal social worker of the Bureau for Handi-
capped Children At the hospital the per-
sonnel in these fields were met, the care of
the children was di d, and the inpati

team returned to the institution, explaining
that the recommendations being discussed
and clarified were not to be regarded as criti-
cism but as suggestions based on the experi-
ence of a large number of surveys of similar
institutions as well as of the Advisory Com-
mittee’s experiences in the arca of good total
patient care. The conference was attended
by the same medical and paramedical per-
sonnel who were at the original survey, in-
cluding the hospital administrator and his
staff. The hospital staffs, many members of
which had known each other only through
administrative relationships, often had their
first opportunity to discuss thc common
problems pertaining to the care of ortho-
paedically handicapped children and to ob-
serve the co-ordinated team thinking of the
Health Department consultants in discussing
comprehensive care. Frequently, following
the conference, plans were made for con-
tinued contact between the Health Depart-
ment and the hospital to follow up specific
suggestions and plans. By periodic contact
with the institution, ranging from confer-
ences to annual complete surveys, depending
on the problems involved, or the institution’s
desire for the assistance of the hospital con-
sultation team, hospital consultation has re-
mained an important part of the program of
the Bureau for Handicapped Children and
has resulted in much improvement in care
over the last 8 years.

Because of the marked fall in inpatient
figures in New York City and the greater
need for outpatient facilities, hospital con-

and the outpatient facilities were surveyed.

The Osthopaedic Advisory Committee,
which was under the chairmanship of Dr.
Philip D Wlson for many years, is composed
of 21 commumty leaders in medical and para-
medical specialties. The committee estab-
lished a set of standards to be used as the
blueprint, or goal, of the program. Using the
standards as a guide, the Orthopaedic Advi-

1 during the last 2 years has concen-
trated more on outpatient care. Using the
successful technics outlined above, the out-
patient departments of the 20 participating
hospitals have been surveyed personally by
a team, and the observations have formed
the basis of a set of standards, or guide,
for ambulatory care similar to that devel-
oped for inpatient care, With this as a
baseling, the team now is revisiting the hos-
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pitals for conferences in first steps designed
to improve ambulatory care of the ortho-
paedically handicapped children in New
York.

REVIEW COMMITTEE

Once a hospital has been approved for
participation in the Medical Rehabilitation
Program, the technical orthopaedic care
rendered becomes the sole responsibility of
the medical staff of that institution. Admin-
istrative problems always arise relating to
eligibility and time limitations of care, mak-
ing it necessary that there be a certain
amount of paper review of applications by
an orthopaedist. He raises questions with
the institutions and in most instances can
manage the problems. Complicated and in-
volved situations are laid before a review
committee that meets periodically and con-
sists of the Bureau director, 2 orthopaedic
consultants, a pediatric consultant, a rehabili-
tation consultant, a public health nurse and
a medical social worker,

The Review Committee was begun in
1952 because hospital surveys revealed a
large amount of overstay and overinstitu-
tionalization. Analysis showed that some
of the reasons for this overinstitutionalization
were inadequate medical supervision of pa-
tients, infrequent team evaluations of
patients, too little and too late social service
coverage of the patient and his family, un-
famuliarity with community resources, and
gaps in resources in the community to meet
the needs of handicapped children. It was
felt that in many of these areas the Health
Department could be of help, and records of
children 1n institutions for more than 3
months were reviewed regularly, By offering
assistance, overinstitutionalization was great-
Iy reduced. In the process, hospitals became
aware of the problems in these areas of
community resources and of the need for
early social service planning. Review of the
records acquainted the Health Department
team with specific problems within specific
hospitals that later became the subject of

discussion and co-operative efforts at future
hospital surveys and conferences. As a result
of careful and intensive work in this direc-
tion, the need for close scrutiny no longer
exists, and most problems can now be han-
dled by the reviewing orthopaedist alone.
The Review Committee has become a team
conference, meeting regularly with the Bu-
reau director to review difficult cases and
problems in general, where the combined
thinking of the consultants in the various
fields forms the basis for future planning of
services, defining of policies and activities
of the Bureau.

ORTHOPAEDIC CONSULTATION
SERVICE

Although most children are referred to
hospitals and clinics for orthopaedic con-
sultation, the Health Department Iends addi-
tional diagnostic support to case-finding
agencies, such as school health, child health
stations, employment centers, and physicians
who may have patients unable to afford this
type of service privately. The service, for
which there is no charge, is located physi-
cally in 2 major hospital and staffed by a
Health Department orthopaedic consultant,
a public health nurse and a medical clerk.
The hospital setting was chosen rather than
a local Health Department clinic because it
offers x-ray and laboratory facilities. At 2
single visit these services are performed, as
indicated, to arrive at a diagnosis, and a con-
sultation report is sent to the refernng phy-
sician with recommendations for further
management. It is suggested that if further
orthopaedic attention is needed, the refer-
ring physician send the child to an ortho-
paedic surgeon or to an mstitution approved
under the Medical Rehabilitation Program.
The Orthopaedic Consultation Service has
been a source of early case-finding, serving
as an educational experience by offering
physicians personal consultation n case-
finding agencies so that they may follow the
patients whom they refer for opinion and
actually participate 1n their continued man-
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agement. More than hall of the children
seen have been found to be in need of active
orthopaedic treatment that often might not
have been rendered if this method of casy
and personal referral for consultation werc
not available. Many times the orthopaedic
surgeon’s cvaluation assists materially in
the appropriate educational placement of
the child, either in a special class, an ortho-
paedic class, a school for the handicapped
or home instruction.

SCHOOL AND CHILD HEALTH
SERVICES

The orthopaedic consultants co-operate
with school and child health services in
teaching, in school placement and in medi-
cal supervision in schools of orthopaedi-
cally handicapped children. An orthopaedic
consultant participates in inservice training
programs for physicians in school and child
health services, familiarizing them with clini-
cal orthopaedic problems and methods of
diagnosis in an attempt to improve early
case-finding. Members of the orthopaedic
consulting staff review records and recom-
mendations for school placement and con-
sult with private physicians in an attempt to
guide children to as normal a schoot environ-
ment as possible compatible with their disa-
bilities. The orthopaedic surgeons partici-
pate in care at 5 special school units to
which severely handicapped cerebral palsy
and orthopaedically handicapped children
are transported by bus and receive educa-
tion and physical, speech and other indi-
cated therapies as prescribed by their treat-
ment agencies.

Another team, consisting of an ortho-
paedist, a public health nurse and a medical
social worker, reviews recommendations for
home imstruction. In those situations in
which there is the possibility of some school
placement, further investigation by the pub-
hic health nurse and contact with the treating
agency, if one exists, often uncover neg-
lected children with medical, social or nurs-
ing problems who neced assistance. The

design is to get as many children as possible
into as mormal a school cnvironmeat as
possible, and it has been a further source
of case-finding throughout the city.

OTHER ROLES

Further arcas in which orthopaedic sur-
geons play a role in New York City's C(ip-
pled Children’s Program are: consultation
and conference with other burcaus in the
Health Department, such as Public Health
Nursing and Child Health, and with the
Department of Education as well as commu-
nity agencies involved in child care; partici-
pation in Health Department conferences,
seminars, radio broadcasts, conferences with
health departments of the state and other
communities, medical socicty presentations
and conferences, and new programs, such
as establishing standards for cerebral palsy
and amputee centers,

The possibility of clinical research is now
being investigated. A number of ortho-
paedic conditions capable of roentgeno-
graphic evaluation are of relatively infre-
quent occurrence in the practice of a single
orthopaedic surgeon or in the experiences of
a given hospital. For example, Perthes’ dis-
ease lends itself to radiologic evaluation of
large numbers of cases treated in statistically
significant numbers by each of the various
methods currently practiced (ranging from
no treatment to braces, slings and complete
bedrest). This study, carried out by col-
lecting  roentgenograms through photo-
graphic technics and assembling clinical
data from records, is currently in progress,
and other clinical research projects are being
planned.

There are countless ways in which the
orthopaedic surgeon can participate in com-
munity programs for improvement of care
of orthopaedically handicapped children.
The drawback is the relatively small amount
of time that the busy orthopaedic surgeon
can devote to his community in applying his
skills and knowledge to the children who
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require it. His value to the community and
to the health agency in community planning
is in direct proportion to his expertness as
an orthopaedic surgeon, a fact alone de-
manding that the greater portion of his time
be devoted to the practice of clinical ortho-

pacdic surgery. Because of this Iimitation of
time, as many orthopaedic surgeons as can
possibly participate in the program should
do so, for on their availability, interest, en-
thusiasm, ability, devotion and ingenuity
depends the success of the program.

Le Rolo del Chirurgo Orthopedic in un Programma pro Infantes Deforme;
Experientias in un Communitate Urban

Sumimario in Interlingua

Le expetientias del autor como consulente
orthopedic in le Programma pro Infantes
Deforme de un grande communitate urban
(in le citate de New York) es usate como
base de un discussion del methodos per le
quales un practicante chirurgo orthopedic
pote contribuer al melioration del cautela
total del orthopedicamente handicappate in-
fantes de su communitate. Le prime passos
necessari es establir Je factos con respecto
al facilitates disponibile intra le communi-
tate e le formulation, al uso del communi-
tate, de un corpore de “standards,” i.e. de
un un “guida” verso le “objectivo” que on
vole attinger. Le ideas subjacente un Pro-

gramma pro Infantes Deforme deberea esser
Ie resultato de effortios coordinate del parte
del administratores del hygiene public e de
chirurgos orthopedic, ¢ etiam de altere spe-
cialistas medical (i.e. de pediatria, medicina
physic, e rehabilitation) e paramedical (ie.
de infirmeria, servicio social, direction voca-
tional, education, etc.). Gratias a su cognos-
centias clinic, le chirurgo orthopedic es qua-
lificate a ager efficace- e dynamicamente
como orientator in le effortios a meliorar le
cautela currente € a planar programmas
futur de maniera que le infantes obtene le
maximo possibile de beneficio ab su capa-
citates chirurgic e rehabilitational.
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Osteomyelitis Since the Advent
of Antibiotics;
A Study of Infants and Children’
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Osteomyelitis of infants and children is a
disease that has caused chronic drainage,
deformities and death. In reviewing a series
of cases in infants and children, certain dif-
ferences between the two age groups have
been noted. Antibiotics have lowered the
number of deaths but have not greatly
changed the chronicity or the deformities
produced by this disease in infants. In the
oldes-age group, often the use of antibiotics
has produced a low-grade smoldering bone
abscess. The incidence of the disease from
the standpoint of admissions to Children’s
Hospital has remained very much the same
as that of the preantibiotic era. The diag-
nosis of osteomyelitis can be made from the
roentgenogram early in the course of the
disease, and the complications are prevent-
able if proper surgical measures are taken at
the onset of the disease. Osteomyelitis is
still a surgical emergency, and its complica-
tions cannot be eradicated by medical treat-
ment alone.

PAST HISTORY
John Homans,® writing m 1912, reported

* Aided by a grant from the Western Pennsyl-
vanta Chapter of the Arthnitis and Rheumatism
Foundation,

t Orthopedic Department of the Unwversity of
Pittsburgh Orthopedic Service, Children’s Hospital,
Pattsburgh, Pa.
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94 cases of osteomyelitis of the long bone
from the Children’s Hospital, Boston, over
an 8-year period. Slightly less than 10 per
cent died, and almost 20 per cent healed
with deformity. This involved all childhood
age groups.

Green and Shannon,® writing for the same
hospital in 1936, reported 95 cases below
the age of 2 within 21 years. The mortality
in infants was 22 per cent with 45 per cent
mortality under 6 months of age. Fifty-four
of these cases were on the orthopaedic serv-
ice, where 46 survived. Of these, 5 were left
with residual deformity from joint sepsis
and 5 from partia, destruction of the epiphy-
sis of a growing bone. Recurrences were
rare, healing was rapid. Streptococcus was
the most prominent organism under 2, with
staphylococcus being more common over
this age.

Blanche,? in 1950, reported 35 infants in
16 years from Los Angeles Chuldren’s Hos-
pital. The youngest was 14 days old; the
oldest, 9% months. Staphylococcus consti-
tuted the major orgamsm. Of 20 cases in-
volving the femur, 16 were at the proximal
end. Eleven of these involved the hip.
Eight of these hips were already dislocated
when first seen. There were 2 deaths, and
44 per cent were left with a major deformity
of a crippling nature. The disability ap-
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require it. His value to the community and
to the health agency in community planning
is in direct proportion to his expertness as
an orthopaedic surgeon, a fact alone de-
manding that the greater portion of his time
be devoted to the practice of clinical ortho-

paedic surgery. Because of this limitation of
time, as many orthopaedic surgeons as can
possibly participate in the program should
do so, for on their availability, interest, en-
thusiasm, ability, devotion and ingenuity
depends the success of the program,

Le Rolo del Chirurgo Orthopedic in un Programma pro Infantes Deforme;
Experientias in un Communitate Urban

Summatio in Interlingua

Le experientias del autor como consulente
orthopedic in le Programma pro Infantes
Deforme de un grande communitate urban
(in le citate de New York) es usate como
base de un discussion del methodos per le
quales un practicante chirurgo orthopedic
pote contribuer al melioration del cautela
total del orthopedicamente handicappate in-
fantes de su communitate. Le prime passos
necessari es establir le factos con respecto
al facilitates disponibile intra le communi-
tate e le formulation, al uso del communi-
tate, de un corpore de “standards,” i.e de
un un “guida” verso Je “objectivo” que on
vole attinger, Le ideas subjacente un Pro-

gramma pro Infantes Deforme deberea esser
le resultato de effortios coordmate del parte
del administratores del hygiene public ¢ de
chirurgos orthopedic, e etiam de altere spe-
cialistas medical (i.e. de pediatria, medicina
physic, e rchabilitation) e paramedical (ic.
de infirmeria, servicio social, direction voca-
tional, education, etc.). Gratias a su cognos-
centias clinic, le chirurgo orthopedic es qua-
lificate a ager efficace- ¢ dynamicamente
como orientator in le effortios a meliorar le
cautela currente ¢ a planar programmas
futur de maniera que le infantes obtene le
maximo possibile de beneficio ab su capa-
citates chirurgic e rehabilitational
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Fra 1. Destmctlon of the epiphysis by

litis is a ©
cause of deformity fram childhood bone
and joint diseases.

damage was noted on the fitst roentgeno-
gram 2t the time that the diagnosis was first
made. Nope developed after treatment was
instituted. From these figures it is obvious
that earlier dlagnosm is the key to the pre-
vention of devel of

leading to a cnppled child, and the physlcmn
cannot feel securc merely because the child
is getting chemotherapy.

The clinical diagnosis will not be over-
looked if it is remembered that these chil-
dren can be quite dl and harbor bone and
joint infections without a marked systemic
reaction Swelling of the extremity appears
early in infancy and childhood, and may be
quite diffuse. Fadure to move the extremity
even to the point of apparent flaccid paraly-
sis is the most common presenting com-
plaint. The most valuable sign allowing rec-
ogmtion of the septic hip is the determination

FiG. 2. Septic dislocation of the hip
with loss of head and neck secondary to
joint infection,

of a flexion contractute. The usual flexion
contracture at the hip with sepsis involve-
ment is at least from 60° to 70°.

ROENTGENOGRAM

Osteomyelitis can be diagnosed in the
first few days of onset; it is not necessary to
wait for visible bone damage to make the
diagnosis. The soft-tissue changes visible
in the roentgenogram in the presence of
ostecmyeii&is must be read accurately. Os-
teomyelitis is accompanied by a deep soft-
tissue swelling centenng about the me-
taphysis. This is readily recognized and
differentiated from swelling present in cellu-
litis, which involves the subcutaneous tissue
predommant!y Osteomyelitis always origi-
nates in the memphyseal area, although it
may track into the joint or down the shaft.

The deep swelling has poorly defined
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peared to be directly proportional to the
delay in instituting treatment. It was quite
usual for these infants to have a temperature
below 100° and a white count not particu-
larly elevated for this age group at the onset
of the disease.

CHILDREN’S HOSPITAL OF
PITTSBURGH SERIES

UNDER 3 MONTHS

Cases recorded at the Children’s Hospital
of Pittsburgh were reviewed. The time in-
terval for infants spans 1940 to 1957. There
were 36 infants, all under 3 months of age,
and over half were first diagnosed from the
eleventh to the thirteenth day. Only 6 were
diagnosed in the first 10 days of life. Strep-
tococct and staphylococci were equally di-
vided as organisms. The pneumococcus has
almost disappeared as a cause of osteomye-
litis.

There were 3 deaths: 1in 1941 and 1 1n
1942, both treated with sulfathiazole and
Dakin’s tube drainage; and the third in 1955,
a septic hip that was treated with aspiration
only. A mortality of 7 per cent was noted.

There were 9 septic hips, 5 of which were
shown to be dislocated on the first roent-
genogram taken, Four were not dislocated,
and under treatment they remained undis-
located. The very definite implication that
femoral vein puncture was an etiologic fac-
tor in the localization of infection in the hip
jomnt of 4 of these youngsters is of definite
interest and should rule out the femoral vein
as a blood source 1n septicemic infants.

OvVER 3 MoNTHS

In children over the age of 3 months, a
survey was made from 1928 to 1956. It
comprised 154 cases. The most frequent
sites of osteomyelitis over 3 months of age
were (1) multiple sites, (2) the distal femur,
(3) the proximal tibia and (4) the hip, in
contrast with the infant group in which the
hip was most commonly involved, the other
sites then following in the same order

Septicemia was most common as the pre-
cipitating factor, with soft-tissue abscesses
and upper respiratory infections next in
frequency.

Hemolytic Staphylococcus aureus was the
organism cultured in 90 per cent of cases in
children, in contrast with the nearly equal
ratio of staphylococcus and streptococcus
in infants.

The mortality rate was 6.4 per cent,
When diagnosis was delayed, septic hips re-
sulting in dislocations later required major
reconstructive surgery.

Chronic drainage was noted to increase
sharply with the greater delay in onset of
treatment, and, even in cases seen 3 to 7
days after onset of symptoms, 50 per cent
developed chronic drainage. Surgical treat-
ment here included both inadequate and
adequate measures. In cases treated with
antibiotics, 46 per cent continued to have
chronic drainage with deformities, whereas
in those prior to the antibiotic era, 76 per
cent had chronic drainage and deformities.
While this is a reduction of 30 per cent,
still virtually half of the cases continued to
have chronic drainage and deformity and
required surgical correction.

DISCUSSION

The concept that chemotherapy has ehm-
inated the recurrence of bone infection in
those who had an onset in infancy does not
stand up as important when it 1s remembered
that recurrences were rare before chemother-
apy in this age group. Recurrences are rare
in infants because of the tendency to decom-
press spontaneously through the relatively
spongy vascular bone and the thin cortex.

The mortality appears to be improved and
1s presumably due to the advent of chemo-
therapy.

Major crippling deformity involved 10
per cent in all age groups m 1912, 20 per
cent under 2 in 1956, 44 per cent under
91% months in 1950, and 29 per cent under
3 months in 1957. In all the cases with
crippling deformty in the last two series, the
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Fic 1. Destruction of the epiphysis by
metaphyseal osteomyelitis is 2 comman
cause of deformity from childhood bong
and joint diseases.

damage was noted on the first roentgeno-
gram at the tme that the diagnosis was first
made None developed after treatment was
nstituted, From these figures it is obvious
that earlier diagnosis is the key to the pre~
vention of development of complications
leading to a crippled child, and the physician
cannot feel secure merely because the child
is getting chemotherapy.

The clinical diagnosis will not be over-
looked if it is remembered that these chil-
dren can be quite ill and harbor bone and
joint infections withont a marked systemic
reaction. Swelling of the extremity appears
early in infancy and childhood, and may be
quite diffuse. Failure to move the extremity
even to the point of apparent flaccid paraly-
sis is the most common presenting com-
plaint. The most valuable sign allowing rec-
ognition of the septic hip is the determination

Fic. 2. Septic dislocation of the hip
with loss of head and neck secondary to
joint infection.

of a flexion contracture. The usual flexion
contracture at the hip with sepsis involve-
ment is at least from 60° to 70°.

ROENTGENOGRAM

Osteomyelitis can be diagnosed in the
first few days of onset; it is not necessary to
wait for visible bone damage to make the
diagnosis. The soft-tissue changes visible
in the roentgenogram in the presence of
osteomyelitis must be read accurately. Os-
teomyelitis js accompanied by a deep soft-
tissue swelling centering about the me-
taphysis. This is readily recognized and
differentiated from swelling present in cellu-
litls, which involves the subcutaneous tissue
predominantly. Osteomyelitis always origi-
nates in the metaphyseal area, although it
may track into the joint or down the shaft.

The deep swelling has poorly +*-¢ ~d
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edges and involves the so-called muscle
shadow of water density. Fat lines scen
normeally in the muscle shadows are obliter-
ated by the inflammatory changes. The
septic hip itelf is recognized by swelling of
the capsular shadows about the joint and
widening of the joint recognized at its infe-
rior medial aspect.

TREATMENT

In order to avoid the development of hip
dislocation due to sepsis, it is necessary to
institute surgical drainage of a tense, pus-
filled hip joint as soon as the diagnosis 1s
certain, A preliminary ncedle aspiration is
done, and, if pus is obtained, the patient is
turned face downward, and drainage is ac-
complished through a posterior incision.

It is the usual procedure to drain sub-
periosteal abscesses when they are clearly
evident and fluctuation is apparent, or when
there is any possibility of involvement of the
epiphyseal line. Drainage is not done for
cellulitis alone in infants. Drainage should
be performed for osteomyelitis in children
as soon as the diagnosis is made, and this
is done by an evaluation of the clinical pic-
ture and the soft-tissue roentgenographic
changes. The bone is drained with dmll
holes made through the cortex without ele-
vating the periosteum to ensure adequate
decompression of the medullary cavity. It
is important to maintain the blood supply to
bone in order to avoid the development of
sequestra secondary to surgery.

SUMMARY
The use of joint and abscess drainage

appears to be adequate to prevent the devel-
opment of crippling deformity provided that
the damage has not already been done, Os-
teomyelitis in infants is different from sepsis
in the older-age groups. The natural ana-
tomic and physiologic characteristtcs of in-
fants are in large part so much on the side
of the physician that complications can be
avoided with proper treatment. Antibiotics
have lowered the mortality rate but have not
prevented the biggest single complication—
major crippiing deiormity. Intelligent use of
surgery is still necessary to prevent the de-
struction of tissue and consequent develop-
ment of deformuty attendant upon infection
of the bones and joints in the growing child.
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Osteomyelitis Depost le Advento del Antibioticos;
Un Studio del Morbo in Infantes e Juveniles

Summario in Interlingua

Osteomyelitis tn infantes e juverules ha
essite le causa de drainage chronic, de de-
formitates, e de morte In juveniles de un
ctate plus avantiate, le uso de antibioticos

ha frequentemente producite abscessos ostee
a “combustion surrepticie.” Le incidentia de
deformitates invalidante in consequentia del
morbo ha remanite, al Hospital Juvenil de
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Pittsburgh, sin alteration signiﬁcmiv? in
comparation con le situation pre-antibiotic.

Esseva trovate que septicemia cs le plus
commun factor precipitatori. Puncturas del
vena femoral esseva clarmente implicate in
quatro inter nove casos de coxa septic in
infantes,

Hemolytic Staphylococcus aureus esseva
culturate in novanta pro cento del paticntes
de plus que tres menses de etate. Staphylo-
coccos e streptococcos esseva culturate in
equal proc in e pati de minus
que tres menses de etate.

Esseva constatate un acutc augmento del
incidentia de drainage chronic in casos in
que le tractamento habeva essite retardate.
Cinquanta pro cento del casos continuava
haber drainage chronic in despecto del trac-
tamenta antibiotic.

Un plus prompte establimento del cor-
recte diagnose super le base de examines
clinic ¢ de alterationes trovate in le radio-
grammas es un desiderato urgente in le inte-
resse del prevention de chronicitate e de
deformitates invalidante

Osteomyelitis pote esser diagnosticate per
medios radiographic intra pauc dies post su
declaration. Illo se manifesta in le appari-
tion de tumescentia del profunde histos

molle circa le metaphyse. Pro facer e
diagnose, Ic medico non debe attender visi-
bile lesiones ossec in Ie radiogramma,

Un tense articulation que cs replenate de
pus debe esser tractate per drainage chirur-
gic post le effcctuation preliminari de aspira-
tion a agulia. Isto es un mesura de urgentia
que es necessari pro prevenir le dislocation
del coxa. 1l es costumari drainar abscessos
subperiostee si tales s presente. In infantes,
cellulitis per se non indica drainage. Le
0ss0 cs drainate per medio de forationes que
transversa le cortice sin elevar Je periosteo.
Le objectivo de isto es preservar Ie alimen-
tation de sanguine e evitar le formation de
sequestrationes.

Le effectuation de drainage de articula-
tion e abscesso, si interprendite satis pre-
coct , preveni defor invalidant
providite que le natural characteristicas ana-
tomic e physiologic del infante permitte le
evitation de complicationes per medio del
appropriate tractamento. Le uso de anti-
bioticos ha reducite le mortalitate, sed illo
ha non potite prevenir le major deformitates
invalidante. Le uso intelligente de mesuras
chirargic remane indispensabile pro prevenir
deformitates in consequentia de osteomye-
litis in juveniles crescente.




oo

11

Engelmann'’s Disease
(Progressive Diaphyseal Dysplasia)—
A Nonprogressive Familial Form
of Muscular Dystrophy
With Characteristic Bone Changes

BerTRAM R. GIRDANY, M.D.*

Engelmann’s disease is a relatively rare
affection of the skeleton often associated
with muscular weakness. The diagnosis de-
rives from characteristic roentgen changes
in the skeleton described by Engelmann?® in
1929. Ewidence is presented here that the
condition may be familial, that the associated
muscular weakness is not necessarily pro-
gressive, and that the typical bone changes
may be present in asymptomatic individuals,

LITERATURE

Twenty-five case reports of Engelmann’s
discase have appeared in the Iterature.
Cockayne,® 1920, reported diaphyseal
sclerosts in the long bones of a 9%4-year-old
male. Camurati,! in 1922, reported sclerotic
changes 1n the bones of the lower extremi-
ties of a 55-year-old father and his 7-year-
old son. Engelmann® reported changes in

* The Departments of Pedratrics and Radrology,
Jniversity of Pittsburph, School of Medicine and
the Chuldren's Hosputal of Pittsburgh,

The author s indebted to Dr Kenneth A, Mac-
Innes for permitting the incluston of Case 4 and to

Dr. Robert B Brown for hus assistance 1n reviewing
the lterature on Engelmann’s disease.
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the skeleton of an 8-year-old white boy who
had had pains in his legs since the age of 4.
The child was pootly developed and walked
with a peculiar wobbly gait. Ortolani and
Castagnari, in 1933, recorded bone changes
in a 6-year-old gir! who complained of easy
fatiguability and muscular weakness. Roent-
genographic examination 20 yeats later
showed no progression of the sclerotic
changes.” Her asymptomatic 19-year-old
sister showed diaphyseal cortical sclerosis in
the bones of her lower extremuties. Riley
and Shwachman,® in 1943, reported dia-
physeal sclerosis in the skeleton of a 4%-
year-old white girl whose complaints were
weakness, faulty gait and malnutrition  Neu-
hauser,® in 1948, described skeletal changes
in 3 children and applied the term progres-
stve diaphyseal dysplasia. Stronge and Mc~
Dowell,) Griffiths,* and Mikity and Jacob-
son® recorded bone changes of Engelmann’s
disease in a 28-ycar-old man, a 29-year-old
woman and a 54-year-old man, respectively,
none of whom had major complamnts refer-
able to the neuromuscular system. Ribbing®
reported draphyseal sclerosis in some of the
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Discussion

long bones of 4 members of the same family.
He called these changes hereditary mult.iplc
diaphyseal sclerosis and did not cons\<i'cr
them to be examples of Engeimann’s dis-
case.

Eleven biopsies have been recorded. All
specimens showed thickening of the cortex
produced by both endosteally and subperios-
teally accumulated new bone. Abnormal
cells were not present.

CASE REPORTS

The author has observed 12 adults and
children with Engelmann’s disease. In 10,
all the long bones and the skull were in-
volved; in 2, the changes were confined to
the tibias.

Case 1. A 3% -year-old white male was re-
ferred to the Chuldren’s Hospital of Pittsburgh
because he tired easily, had a waddling gait and
complained of muscle pain on exertion. He
climbed his frame to assume a sitting position.
His poor musculature led to a tentative diag-
nosis of atrophic type of progressive muscu-
lar dystrophy. R graphic ination
showed involvement of all the tubular bones
(Fig. 1) and sclerosis of the base of his
skull The child was placed on a regular sched-
ule of physiotherapy; he was advised to avoid
prolonged bedrest. Five years later his muscle
weakness was less pronounced, and he was able
to stand from a lying position normally (Fig. 2).

His 1%4-year-old sister showed small areas of
cortical thickening affecting the mid-portions of
her long bones, the changes barely exceeding
limits of normal. Five years later she walked
with a waddling gait; the muscle masses in her
extremities were small Roentgenographic ex-
amnation revealed the findings of progressive
diaphyseal dysplasia in her tubular bones and in
her skull.

A maternal uncle, at age 14, was too weak to
walk to school. Of his own accord he undertook
a series of dynamic tension setting-up exercises;
at age 21 he earned his Livelihood by performing
manual labor 1n a steel mill. His entrre skeleton
showed roentgenographic changes of Engel-
mann’s disease (Fig 3). His musculature was
normal.

The boys 33-year-old mother had simular
findings in all her long bones and skull. She had
normal ure and had no complaints ref-
¢rable to the neuromuscular system. A second

maternal uncle, aged 30, whose rqcntgcno-
graphic examination demonstrated diaphyscal
sclerosis in both tibias, was asymptomatic.
His maternal grandmother, aged 57, showed the
changes of Engelmann’s discase throughout her
sheleton (Fig. 4). There was cvidence of
freshly deposited subperiosteal new bone in this
asymptomatic indwidual.

Case 2. The rocntgenographic changes of
progressive diaphyseal dysplasia in the long
bones and skull were observed as incidental
findings in a well-developed 23-year-old Negro
woman who had a routine roentgenogram taken
of her abdomen.

Case 3. All the long bones, ribs, spine and
skull of a 10-ycar-old white boy, studied be-
cause of severe mental retardation, showed
changes of Engelmann’s disease. Neuromuscular
evaluation of this child was not satisfactory.

Case 4. A 5-year-old white boy was exam-
ined because he had a peculiar gait and poor
musculature. Roentgenographic examination of
his skel showed changes of Engel ’s
disease, Similar changes affected the entire
skeleton of his thin 9-year-old sister. Diaphyseal
sclerosis was present in the fibias of the father
of these 2 children. The base of his skull was
sclerotic.

Case 5. A 10-year-old poorly muscled, weak,
colored girl, hospitalized for study because of
tiredness, inability to walk and pains in her legs,
showed changes of progressive diaphyseal dys-
plasia affecting all her tubular bones, skull and
mandible (Fig 5). She had been examined first
at 214 years of age because of pecuhar gait and
because she cried when going down stairs. She
hod hann doonsm 3 0 v syphilis at aged,

»er shins, and the

wing been diag-

-, , :riostitis, Muscle

and tibial biopsies were done, and she was begun
on a regular course of physiotherapy. At age 16
her general strength has increased, and she is
able to walk long distances without tiring. Pu-
berty has not been associated with any new
muscular achievements; there has been some in-
crease in the size of her gastrocnemius muscles

DISCUSSION

The roentgenographic changes in Engel-
mann’s disease consist of both internal and
external cortical thickening confined to the
diaphyses of the tubular bones. The me-
taphyses are not involved, and normal tubu-
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lation 1s present. The earliest changes occur
in the mud-portions of the shafts; the corti-
cal involvement progresses to involve the
major portions of the shafts. Abnormal dep-

Fics. 1t04,D. M.,
a white male. Fia. 1.
Roentgenograms  at
312 years of age of
forearms and hands
(lefr) and pelvis and
femurs (on facing
page) showing inter-
nal and external cor-
tical thickening af-
fecting the shafts of
the tubular bones
The proximal por-
tions of both femurs
are not affected, and
the pelvis is normal.

osition of cortical bone continues through-
out life, the process acting as if there were
an imbalance between the deposition and
the absorption of cortical bone.
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The base and the vault of the skull and
the vertebral bodies with their pedicles may
show sclerosis; the mandible occasionally
shows marked cortical thickening (Fig. 6).

All children observed with this condition
have been weak, have had small muscle
masses and have walked abnormally. The
bone changes have been present in asympto-
matic well-muscled adults. Cortical sclerosis
affecting single bones has been observed in
siblings or parents of patients with universal
changes of Engelmann’s disease.

Information about the incidence and the
course of Engelmann’s disease is limited.
The guthor’s 12 cases indicate that the dis-

Fi6. 1 (Continned). (Caption on facing
page)

easc is not as rare as the small number of
reports in the literature would suggest.
There are marked variations in the course
of the disease. The bone changes may exist
without muscle symptoms and be recognized
as incidental findings on rocntgenographic

genographic examination of the skeleton,

The condition may resemble other forms
of nonpseudohypertrophic muscular dystro-
phy with history of progressive weakness.
The response to physiotherapy and exercise
suggests that the muscular weakness is not
necessarily progressive. Avoidance of pro-
longed bedrest is a cardinal feature in the
treatment of this disease, as it may possibly
be in the treatment of all forms of muscufar
dystrophy, The effect of puberty on the
progression of muscular symptoms jis not
established.

The differential diagnosis of Engelmann’s
disease includes all forms of nonhypertrophic
mu.scullnr dystrophy. Roentgenographic ex-
amination permits definitive differentiation,
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The bone changes may resemble Paget's
disease but are not associated with abnormal

chemical values 1n the L° uma, hy-
pervitaminosis A and infg ~Thyper-
ostosis are other causes s g
of the tbular bones N

It is probable that the Al b‘y

Ribbing® represent : -
mann's * The o :
mvulw{’s' R skeleton

Fi6. 2. Roentgenograms of the lower
legs (lefr) and the left upper extremity {on
facing page) at 6 years of age show the
small muscle mass in the calves, The scle-
rosis has extended to mvolve major por-
tions of the shafts of the bones Normal
tubulation is present.

of a family whose mother, siblings, niece
and nephew showed universal changes and
the observation of tibial sclerosis in the
father of 2 children with Engelmann’s dis-
ease support this presumption. Identification
of diaphyseal sclerosis affecting individual
bones as belonging to the Engelmann group
depends on normal chemical values of the
blood and the finding of similar changes in
the skeleton of other members of the family.

SUMMARY AND CONCLUSIONS

1. Twelve cases of Engelmann’s disease
are reported. Six of these occurred in 1
family with 3 generations affected. Two of
the 12 patients were Negro females.

2. Muscular weakness is not necessarily
progressive. Increase in general strength fol-
lowed physiotherapy in 3 patients.

3. Roentgenographic examination of the
skeleton 1s indicated in all patients with non-
hypertrophic forms of muscular dystrophy.

4. The roentgenographic changes of En-
gelmann’s disease may be present in asymp-
tomatic individuals,

5. Involvement of single bones may occur
as a variant of progressive diaphyseal dys-
plasia,
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Fig. 2 (Continued).
(Caption on facing
page)

Fic 3 (Bottom).
Roentgenogram  of
the right upper ex-
tremity of the 21-
year-old uncle of D.
M. shows sclerosis of
the shafts of the hu-
merus and the radius,
All his tubular bones
were affected.
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Morbo de Engelmann (Progressive Dysplasia Diaphysee)—
Un Non-Progressive Forma Familial de Dystrophia Muscular
con Characteristic Alterationes Dssee

Summario in Interlingua

1. In 1929 Engelmann describeva le caso  roentgenographic del skeleto. Depost lle
de un patiente pediatric con debilitate mus- tempore, al minus 25 simile patientes ha
cular, exhibiente characteristic alterationes essite reportate in le litteratura, Le prognose
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Spina Bifida Occulta
in Legg-Calvé-Perthes Disease

Jacos F, Katz, M.D.*

In the course of analysis of the results
of therapy in Legg-Calvé-Perthes disease,
roentgenograms were reviewed in a large
series of cases. Casual inspection of the
lumbosacral segment included in the roent-
genograms revealed a surprisingly high inci-
dence of spina bifida occulta. This stimu-
lated more careful search and study in
order to explore a possible relationship be-
tween Legg-Calvé-Perthes disease and spina
bifida occulta.

HISTORICAL BACKGROUND

In past years spina bifida occulta has been
the focus of attention intermittently by in-
vestigators with varied interests Much valu-
able information has come from studies of
enuresis, the relationship of which to spina
bifida occulta had long been accepted.

In 1922, Hintze® performed a convincing
and meticulous study in which he found an
average incidence of 67 per cent of spina
bifida occulta in enuretics between 3 and 17
years. He did a companion study of 117
normal children between the third and the
fifteenth years, in whom he found 55 per
cent with spina bifida occulta. In a break-
down of the cases by age groups, the 3- to
5-year age span showed the highest inci-
dence (90% 1n enuretics, 81% in normals)
and the 15- to 17-year age span the lowest

* Blythedale Orthopedic Hospital and Rehabilita-
tion Center for Chuldren, Valhalla, N. Y
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incidence (42% in enuretics) of spina bi-
fida occulta. He concluded that spina bifida
occulta did not differ in frequency in enu-
retic children and normal children, and that,
because of its decreasing incidence with age,
it was a normal condition in children.

Karlin® studied the problem in much the
same way in 1935. He found spina bifida
occulta in 84 per cent of 25 children who
had enuresis; they were in the age group 3
to 14 years. In 50 control children, 54 per
cent were reported to show spina bifida oc-
culta. He concluded that spina bifida occulta
was a developmental defect indicating some
abnormality in the process of embryogenesis
m the region affected and was of question-
able relationship to enuresis.

Other workers attempted to relate ortho-
paedic anomalies and abnormalities to spina
bifida occulta. Ingraham and Lowrey® stud-
ied 65 children with spina bifida occulta, 31
of whom presented extremity maldevelop-
ment and gait disturbances. No special anal-
ysis of age-group incidence was done. They
conceded that “roughly 25 per cent of nor-
mal children have occult defects in the ver-
tebral laminae and this incomplete closure
1s frequently demonstrated m x-ray films
taken for some other reason.”

Sarpyener® has been a proponent of the
relationship of congenital spinal canal stric-
ture associated with spina bifida occulta in
the development of a multiplicity of ortho-
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F1G. 1. Legg-Calvé-Perthes discase.
Showing incidence in males and females.

T SPINA BIFIDA OCCULTA POSITIVE
SPINA BIFIDA OCCULTA NEGATIVE

Fic. 2. Incidence of spina bifida occulta
in Legg-Calvé-Perthes disease.

paedic conditions, including Legg-Calvé-
Perthes disease and hip subluxations. He
did not give statistics other than to show
that spina bifida occulta coexisted with all
the pertinent orthopaedic abnormalities.

Many references also exist in the litera-
ture relative to the incidence of spina bifida
occulta in adults. These estimates vary from
Southworth and Bersack,® who found 18.2
per cent 1n their series; Dittrich,” who found
5 per cent in his series; and Friedman,
Fischer and Van Demark,* who, n their
examination of normal soldiers, found 36
per cent incidence.

Brailsford, commenting on defects of the
neural arch, stated that its centers of ossifi-
cation were present at birth and fused to-
gether during the first year. Epstein® agreed
that “the laminae fuse at about the first year
of life.” Kéohlers had an entirely different
opinion, and the statement, “We may recall
that the closure of the arch normally is ter-
minated 1n males of the seventeenth year

and in females in the fifteenth year,” speaks
for itself,

PRESENT STUDY

The material for this rcport comes from
178 cases of Legg-Calvé-Perthes discase.
These paticnts had previously received treat-
ment or were still under trcatment at the
Blythedale Convalescent Orthopedic Hospi-
tal. Of these patients, 146 were male and
32 female (Fig. 1). Including all forms of
spina bifida occulta, 123 of the 146 male
patients showed some defect in closure of
the neural arch at one or scveral levels in
the lumbosacral region, Of the 32 female
patients, 23 showed a similar lumbosacral
laminal fusion failure (Fig. 2). The over-all
incidence of spina bifida occulta in the en-
tire group was 82 per cent.

The ages of the patients in this study
ranged from 3 to 14 years, the average age
being 6 years (Fig. 3). By breaking down

T— 1 1T 1 T T
0O 5 0 IS 20 25 30 35
F1c. 3. Total number of patients with
Legg-Calvé-Perthes disease.

3to Syrs
610 Byrs
9toll yrs

121014 yrs

Sl SPINA BIFIDA OCCULTA POSITIVE
SPINA BIFIDA OCCULTA NEGATIVE

Fig. 4. Patients with spina bifida oc-
culta in Legg-Calvé-Perthes disease by age
group.
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Fi1a. 5. S. M., female, 7¥2 years of age.
INustrates spina bifida occuita in Legg-
Calvé-Perthes discase at S-1.

the total number into separate age-group
categories, it was found that the highest
incidence of spina bifida occulta occurred in
the 3- to 5-year age span, being 89 per cent,
and the lowest in the 12- to l4-year age
group, where it was 73 per cent (Fig. 4)
This trend m diminution of the laminal
defects with age corresponded to the findings
of Hintze,® who was able to show 1t more
convincingly, since his study included ages
up to 17 years.

The patterns of neural arch defect 1n the
patients with spina bifida occulta were multi-
tudinous. The S-1 defect (Fig. 5) was that
encountered most commonly, with the others
listed in Table 1 i lesser mncidence, This
corresponded to the findings of previously
published series **  No relationship  to
Perthes seventy existed

A second series of cases, also in residence

TaBLE 1. FOorRMs oF SPINA BiFma Occurta
IN LEGG-CALVE-PERTHES DISEASE

No.or PERCENT-

CasEes AGE
54 37
24 16
14 9
12 8§
10 7
6 4
5 3
Other assorted
combinations .. ... .. 21 16
Total ....... . ves. 146

at Blythedale, was analyzed. This category
consisted of all varieties of orthopaedic dis-
orders other than Legg-Calvé-Perthes dis-
ease. There was a total of 89 cases avail-
able for study. Sixty patients presented
spina bifida occulta of various forms, repre-
senting a 67 per cent incidence. It should
be mentioned that the mechanics of the
study in this series differed from that which
prevailed in the Legg-Calvé-Perthes group-
In the latter, many roentgenograms were
available for study. These proved to be of
jnestimable value, since no special prepara
tion was used for optimum demonstration of
the Jumbosacral area. Gas shadows, poot
technic and improper positioning were some
of the obstacles encountered. With many
roentgenograms at hand in Legg-Calvé-
Perthes disease, the uncertainty of reading
a single rocntgenogram was eliminated. Fig-
ure 6 illustrated a case of scoliosis in which
2 roentgenograms were taken on the same
date The one with the child in recumbency
clearly shows spina brfida occulta of the first
sacral segment, whereas the other, with the
child in the sitting attitude, is obscured. The
lower incidence of spina bifida occulta in this
control group may be linked to the techni-
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TABLE 2. ForMS oF SPINA BIr1oa OCCULTA
IN MISCELLANEOUS ORTHOPAEDIC CASLS
OTHER THAN LEGG-CALVE-PERTHES
DISEASE

No.oF PERCENT-

ChasEs AGE

29 48

10 16

9 15

2 3

2 3

..... 2 3
S$1-82-83-S4-85 ......... 1 1.5

Other assorted
combinations .. ...... 5 10.5
Total ............. 60

cal detail of having only isolated roentgeno-
grams for analysis.

The breakdown of forms of neural arch
defect jn this sccond miscellancous ortho-
pacdic group is listed in Table 2. The high
incidence of S-1 defect is noted again. The
similarity, in general, of the pattern of forms
to those seen in Legg-Calvé-Perthes disease
is obvious.

An unusual opportunity to trace the
course of spina bifida occulta was available
in 64 cases of Legg-Calvé-Perthes discase.
The period of follow-up varied from 2 to
20 years after completion of trcatment, In
these 64 cases the initial incidence of spina
bifida occulta was 81 per cent. On follow-
up, the incidence of spina bifida occuita
diminished to the level of 55 per cent. The
average age of these Perthes children ini-
tially was 6.5 years; the youngest was 3
years; the oldest, 13 years. The average age
at follow-up was 14.1 years; the youngest,
5 years; and the oldest, 27 years. The de-
tails of this group are shown in Table 3.

Fig 6. A.C, male, 5 years old, with
bifida occulta of 5-1. This roentgenogra
(Right) In this roentgenogram, which was taken imme
with the child in a sitting position, the defect is obscure

tilt,

paralytic scoliosis. (Lefr) Shows spina

m was taken with the child lying down.
diately after the other,
d because of the pelvic
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Fig. 7. T. E, female. (Left) Shows a faint cleft at L-5 and a defect at S-1
at 84 years of age. (Right) Indicates closure at 13 years of age.

Fic 8 M J, male (Left) Shows spina bifida occulta with laminal defects of
S-1, 8-2 and $-3 at 6 years of age (Right) Indicates closure at 19 years of age.
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TABLE 3, EXPERIENCE OF 64 CASES OF
LEGG-CALVE-PERTHES DISEASE
oN Forrow-up

10 initially negative.

Neg. on follow-up ..., (av.age 7.2 years)
mitially unknown.

Neg. on later follow-up (av. age 20.5 years)
35 initially positive.

Pos. on follow-up .... (av. age 13.8 years)
initially positive.

Neg. on short follow-up (av. age 9.0 years)
11 inially positive,

Z- Neg. on later follow-up (av. age 16.3 years)

4

[S]

-

Average age initally ............ 65 years
Average age at follow-up ........ 14.1 years
Incidence spina bifida occulta initially .. 81%
Incidence spina bifida occulta on

follow-up ........ ovviiininnn 55%

The major element producing the diminished
incidence of spina bifida occulta was con-
tributed by 17 patients. These cases showed
laminal defects on initial examination but

on re-examination indicated fusion of the
neural arches. Six patients (Fig. 7) became
negative on carly follow-up at a time when
their average age was 9 years. Eleven pa-
tients (Fig. 8) with initial failure of faminal
fusion became negative after longer inter-
vals, their average age at follow-up being
16.3 years.

The striking demonstration of spina bifida
occulta at one age level, proceeding to
closure upon further maturity, is noteworthy
(Fig. 9). This observation had not previ-
ously been recorded, though its probable
existence had been implied in the documen-
tation of lower incidences of spina bifida
occulta in older children and adults.

DISCUSSION

The occurrence of spina bifida occulta
(Figs. 10 & 11) continues to intrigue be-
cause of its inexplicability. In aduithood,
when there is a relatively low incideuce. of
this anomaly, it requires little imagination
to accept it as a benign curiosity wnhf:ul
serious significance. In children with high

3
.

Fic. 11. E B, male. (Lefr) Shows spina bifida occulta mvolving LS a::d
8-2, S-3. §-4 and S-5 at 6 years of age (Right) Roentgenogram taken at 2314
years of age shows persistence of the defects with promment malformation of

the spinous process of L-5
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incidences of spina bifida occulta, there has
been a greater reluctance to consider it a
variation of the tempo of ossification. As a
consequence, individual research workers
have directed attention to possible linkage
between spina bifida occulta and cnuresis, as
well as orthopacdic and ncurologic abnor-
molities. The evidence of such association
is wholly inconclusive when onc considers
that in normal children studies have shown
similar incidences of spina bifida occulta. In
Legg-Calvé-Perthes disease, an affliction
confined solely to preadolescent children, the
incidence of spina bifida occulta is high.
There is a gradient diminution in this neural
arch defect wth age, even in the childhood
and the adolescent age spans, suggesting the
orderly progression of maturity. In Legg-
Calvé-Perthes disease, where follow—uy is
available, a greater diminution occurs as
young adulthood is attained. It is extremely
unlikely that the coexistence of Legg-Calvé-
Perthes disease and spina bifida occulta have
more than coincidental relationship,

CONCLUSIONS

1. In 178 children with Legg-Calvé-
Perthes disease between the ages of 3 and
14 years, the incidence of spina bifida oc-
culta was found to be 82 per cent.

2. No correlation of spma bifida occulta
was found to exist with the severity of the
Perthes process.

3. Dumunution 1n the incidence of spina

bifida occulta occurred with advancing age
as demonstrated by a follow-up study in 64
cases of Legg-Calvé-Perthes diseasc.

4, There is no conclusive cvidence to
show a definite relationship between spina
biida occulta and Lepg-Calvé-Perthes dis-
easc.
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Spina Bifide Occulte in Morbo de Legg-Calvé-Perthes

Swmmario in Interlingua

Esseva interprendite un studio de 178
easos de morbo de Legg-Calvé-Perthes pro
determinar si o non il existe un association
inter illo e spina bifide occulte, Le serie
includeva 146 pueros e 32 pueras de etates
de inter 3 ¢ 14 annos. Le incidentia general
de spina bifide occulte in le gruppo esseva
82 pro cento. Un grande varietate de de-

fectos de arco neural esseva constatate.
Localisationes a S-1 esseva le plus numerose.
Le incidentia de tal defectos ¢ le distribution
de lor Iocatisationes esseva simile a illos re-
portate in Ie litteratura pro juveniles enuretic
€ pro juveniles normal

depega 1le, 1 del mesme gruppos

Studios subsequente in 64 patientes de



e Spina Bifida Occulta in Legg-Calvé-Perthes Disease

morbo de Legg-Calvé-Perthes, effectuate in-
ter duo e vinti annos post lor resanation,
monstrava un reduction del incidentia de
spina bifide occulte ab 81 usque a 55 pro
cento. Es opinate que spina bifide occulte in

i

juveniles representa un retardo del ossifica-
tion sin signification pathologic. Un diminu-
tion considerabile del condition occurreva
naturalmente in le curso del maturation usque
al stato adulte.
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Surgical Endeavors in Archritis

H. KeLiKiaN, M.D., S. SAraFIaN, M.D,, L. TorouziaN, M.D.,
AND HRATCH DOUMANIAN, M.D.*

Diseased and disabled joints present a
varicty of problems, some of which fall
within the domain of surgery. The ortho-
paedic surgeon often is asked to confirm a
diagnosis—aspirate and inject a joint and
perform a biopsy—and he has at his dis-
posal a number of surgical proccdures which,
with judicious application, will give the ar-
thritic patient a measure of relief from pain,
correct his deformity, or enhance the move-
ments of his joint or stabilize it.

DIAGNOSIS

It is not uncommon to find a joint that
has been dubbed arthritic and treated as
such for years to be the seat of some other
affliction—tumor, for instance. Moreover,
there exists considerable confusion as to how
the two main vaneties of nonspecific arthri-
tides—rheumatoid and osteoarthritis—mani-
fest themselves and in what respect they
resemble or differ from tuberculous or pyo-
genie involvement and from trophic joint
diseases, 148

Rheumatoid arthritis is a disease of
the relatwvely young, usually 1t starts before
40. 1t is more common in women and in
p80ple of northern European extraction. It
15 a generalized disease: at one time or
another 1t will manifest such systemic signs
as elevated temperature, leukocytosis and

Icreased sedimentation rate. It may be
—_

* The department of Orthopedic Surgery, North-
Western Medical School, Chucago Wesley Memoral
and Cock County Hospitals, Chicago, Til.

accompanicd by myocardial or valvular
heart disease and subcutaneous nodules, and
usually it affects more than one articulation,
It has a predilection for joints with extensive
synovial lining and bulbous articular ends—
joints rich in vascular connective tissues as
arc found under the synovial surface and in
the subchondral marrow spaces. Taking the
hand as an example, rheumatoid arthritis
chooses the metacarpophalangeal and the
larger  proximal interphalangeal joints.
Rheumatoid arthritis leads to marked de-
formity, dislocations and, at times, ankylo-
sis. Roentgenograms will show the bones to
be porotic and the cartilage space between
them attenuated and, not infrequently, ef-
faced. At arthrotomy, one finds the synovial
membrane turgid, congested, corrugated,
thrown into folds and rugi, warted with mul-
tiple villi or bound down with adhesions;
the articular cartilages are eroded from the
periphery, where the synovial membrane
overlaps the margin of the hyaline cartilage
—the inflamed synovial membrane creeps
over and eats away the more specialized
connective tissue, i.e., the articular cartilage.
This is a situation in which relatively primi-
tive, vascular, hence mflammable, connective
tissue displaces the specialized elements of
the jomnt, ie., hyaline cartilage and bony
trabeculae.

Osteoarthritis is primanly degeneration
of speciatized elements of the joint, the ar-
ticular cartilage in particular. It is a local-

ized affliction. Except in the spine, usually
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it affects a single, solitary joint—at most
two, rarely three. It is a wear-and-tear proc-
ess. It occurs most commonly in robust
laboring adults, in the old and the obese,
in connection with deformities, misalignment
and muscular imbalance, and following
trauma. Osteoarthritis has a predilection for
weight-bearing overused articulations and
for joints far away from the central circula-
tion, hence poor in it, as, for example, the
terminal interphalangeal articulations of the
hand. Senility is not only protracted trauma,
it is also a drying-up process; with it there
is arteriosclerosis and progressive diminu-
tion of the blood supply of the joints, espe-
cially the terminal joints of the hands and
the feet. The osteoarthritic joint may be
limited in movement, but this is due to me-
chanical incongruity or interlocking, not to
frank ankylosis. Roentgenograms may show
widening and mushrooming of the articular
ends of bones, condensation or subchondral
cortex, cystic vacuolization of subjacent
metaphysis, osteophytes and osteocartilagi-
nous loose bodies. At arthrotomy, usually
one notes ulceration of the central portion
of the hyaline surface and spur formation of
the margins; the synovial membrane is un-
inflamed except at the chondrosynovial junc-
tion, where 1t may appear to be turgid due
to frictional irritation by abutting spurs.
Tuberculous arthritis resembles rheu-
matoid arthritis in that it may be accompa-
nied by systemic signs. Then, too, the de-
struction of the articular surfaces is most
extensive around the periphery or at points
of noncontact and pressure where weaker
tuberculous granulations coming from syno-
vial membrane can survive; the articular
surfaces are eroded by these marginal granu-
lations and by inflammatory process in sub-
chondral marrow spaces. In contrast with
rheumatoid arthntis, tuberculosis rarely in~
volves more than one joint, at most two, the
roentgenograms may suggest calcification of
tuberculous exudate and sequestrations of
portions of articular ends of bones, so-called
kissing sequestrae, neither of which occurs
in rheumatoid arthntis Tuberculous exu-

date breaks through and forms extracapsular
abscess and sinus. It causes no tissue reac-
tion in the form of induration, surface heat
(hence the name cold abscess) or redness.
1t has practically no proteolytic action. Tu-
berculous pus contains monocytes and is
alkaline in reaction. What little enzyme
monocytes produce is inactive in alkaline
medum; therefore, tuberculous pus has no
digestive power. Destruction in tuberculous
arthritis is caused mainly by granulations; it
is gradual, slow. Diagnosis is confirmed by
guinea-pig inoculations and tissue biopsy.
Pyogenic arthritis simulates osteoarthri-
tis in that the greatest erosion of articular
surfaces is at points of contact and pressure,
and the ulceration of the hyaline surface is
located more centrally. But, of course, pyo-
genic arthritis has an acute onset and is
accompanied by fever and leukocytosis
Eventually it leads to ankylosis, which is
not the case in osteoarthritis, In contrast
with tuberculous pus, pyogenic exudate *
acid in reaction; it is rich in leukocyte:
which produce a proteolytic enzyme that i
active in acid medium, In pyogenic arthriti
the articular surfaces are destroyed rapidl
by the digestive action of leukocytic en
zymes, Pyogenic pus also breaks out it
the surrounding tissues, but, unlike _tube.r
culous exudate, it causes local reaction 1I
the form of induration, surface heat and red
ness. Somenmes there is even bacteremia
as confirmed by blood cultures,
Pigmented villinodular synovitis ma;
simulate the villous phase of rheumatoi
arthritis, It may throw an apron over the
articular cartilage, but it causes no erosion
the hyaline surfaces under the synovial ex-
pansion remain intact, The villi may bruise
one another, necrotize and cause intermit:
tent bleeding, lending a pinkish hue to the
joint flmd. Reabsorbed blood imparts fo the
synovial membrane the peculiar pigmented
appearance. In pigmented villinodular syno-
vitis the aspirated joint fluid is brown, sero-
sanguineous or bloody. After the introdu'c‘
tion of air into the joint, arthrograms’ will
snow a smooth unbroken contour of the
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Fic 1. Asprration and injection Insertion of the needle into the articular cavity
serves several purposes: excessive flurd is aspirated, thereby relieving the intra-articular
tenston; aspirated fluid 1s subjected to chemical and cytologic study; air is introduced
mto the joint and arthrograms are taken; finally, Hydrocortone s instilled into the
articular cavity.

(Top, left) Showing the displacement of the patella laterally and nsertion of the
needle mnto the knee through the d lateral patell al lig; or capsule.
(Top, right) The same with the syringe connected. (Lefs, center) Anteroposterior.
roentgenogram showing the needle under the sh'adow cast.by the patella. (Bottom, ri *
Arthrogram: introduction of air into the amcula'r cavity, (Bottom, left) -
the displacement of the patella laterally and (th_g\msemou of the needle. /
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joint cavity, whercas in rheumatoid arthritis
the shadow cast by the joint outline may be
ragged, The same is true in all inflamma-
tory arthritides, and this irregular outline
denotes adhesions, the aftermath of inflam-
mation,

Synovial chondromatosis® and osteo-
chondromatosis are somewhat akin to pig-
mented villinodular synovitis. They prob-
ably are not caused by inflammation and are
due to metaplasia of the primitive connective
tissue elements. Cartilaginous or osteocar-
titaginous plaques are Jaid within synovial
folds or villi, hanging like bunches of grapes
or breaking loose and floating in the joint
cavity. Detached pieces may cause fric-
tional crosion of the articular surfaces and
create a condition not unlike osteoarthritis.
Roentgenograms, with or without introduc-
tion of air, will show the true state of affairs:
osteocartilaginous bodies can easily be seen
on roentgenograms, and hyaline plaques
will be recognized as space-occupying trans-
lucencies or filling defects in arthrograms.

There are other joint disturbances to be
differentiated, such as gouty arthritis, hemo-
plhulic joint, diabetic and tabetic arthropa-
thies, gonorrheal arthritis, allergic and syphi-
litic asthntides, Usually, the diagnosis of
any of these conditions is arrived at by asso-
ciated clinical findings, roentgenographic
studies and laboratory tests, Definite diag-
nosis of joint tumors can be made only by
biopsy.

SURGICAL MEASURES

If operative interference in joint disease
has accomplished nothing else, it has brought
to light numerous condittons that have very
litle or nothing to do with arthritis. By sur-
gical interference we mean arthrotomy and
biopsy. In many instances a simpler meas-
ure, such as joint aspiration, will furnish a
clue. Then, too, with a needle in the joint,
air may be myected and arthrograms taken
that may give additional information as to
the contour, the capacity, the content and
the communications of the articular cavity.

Joint aspiration constitutes the simplest
surgical approach toward solution of a given
problem in connection with arthritis. Not
only does it relieve pain by reducing the
tension caused by excessive accumulation
of fluid, but, by the characteristics of the
fluid obtained, such as reaction, smears,
culture, cell count, uric acid content and the
effect on the inoculated Iaboratory animal,
it gives a clue as to the exact nature of the
disease affecting the joint. At times joint
aspiration is followed by injection of Hydro-
cortone and, when infection is suspected, by
the instillation of a suitable antibiotic
{Fig. 1).

Arthotomy is done for purposes of bi-
opsy, for the removal of osteocartilaginous
loose bodies, for the cradication of articular
incongruities and for the smoothing out of
spurs, and it goes without saying that it is the
first step in such major pmcedures as sy{w-
vectomy, arthroplasty arthrodeses, resection
of articular ends, ostectomy or sesamoidec-
tomy, such as excision of the patella in cases
of advanced osteoarthritts. Reduced 10’1‘5
true connotation, arthrotomy is the making
of a small aperture in the joint for purposes
of biopsy, for evacuating the products of
inflammation or degencration, or for CX![EICI'
ing an osteocartilaginous lovse body which,
left alone, might cause frictional jrritation of
the articular surfaces and pave the way t©©
osteoarthritis. Not infrequently the process
pUISUEs a reverse Course; in osteoarthritis,
osteophytes may become detached and float
in the joint. There are instances in which
the osteocarnlaginous body within the articu-
lar cavity is definitely the result of synovial
metaplasta. Ttself origmating from meso-
derm and remaining more of less primitive,
the synovial membrane can, by metaplasia,
produce the more specialized end-products
of connective tissug; i.e., cartilage and bone.
This tendency 1s at times familial; one often
sees osteocartilagmous loose bodies it the
knees of various members of the same fi}ﬂ}-
ily, which is also true in pigmented vidli-
nodular synovitis,®7 Osteocaritlaginous Joose



Fi6 2, Arthrotomy In a broader sense arthrotomy is the first step in most
major surgical attacks on the jomnt proper. Reduced to 1ts more confined
connotation, arthrotomy denotes making a small aperture 1n the jomnt and
removing a piece of tissue for purposes of biopsy or extracting the by-products
of inflammation, mjury or metaplasia

(Top, left & right) Anteropostertor roentgenograms of the right and the left
knees of the same individual with bilateral osteocartilaginous loose bodies
(Botiom, left) Arthrogram of the knee shown at top, right. (Right, center)
Arthrotomy and extrusion of an osteocartilagimous body from one knee

(Bottom, right) Osteocarttlaginous bodies extracted from both knees. The
scale s in centimeters
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FIG 3. (Caption on facing page)



Surgical Measures 127

bodies may occur bilaterally in both knees of - of stress and thereby alicviate pain, and to
the sante individual (Fig. 2). enhance the functional uscfulness of the seg~

Osteotomy is performed to correct de-  ments connected at the joint. Ostcotomy
formitics caused by arthritis, to shift the Jine  may accomplish the desired result by dis-

Fio. 4. Resection of the articular ends of both bones entering into the
formation of a joint. (Top, left) Roentgenogram of the acromioclavicular joint
before resection. Note the arthntic change. (Top, right) The same after
Tesection. (Bottom, left) Roentgenogram of the resected portions of the clavicle
and of the acromial process of the scapula. (Bottom, right) Showing the range
of postoperative painless abduction,

Fia. 3. Total y or d y Excision of the patella is now a standard

P"’cﬁqurc.for chondromalacia or osteoarthriis of this largest sesamoid bone. The

Condxuoq is most common in knock-kneed obese women: as the knee 15 flexed the

?l}‘ella rides over the lateral condyle of the femur and wears tself out by unwonted

ficion—not pliding in 1ts usual groove.

(T(T"Pi left) Lateral view roentgenogram of the knee of a woman in her sixties
0P, right) Transpatellar or “sky view” of the same. Note that the patella ovenides.

the lateral femoral condyle (Center, right) T
Functional esutte, yle (Center, right) The resected patella. (Bottom, left & right)
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placing, angulating and rotating one of the
surgically severed fragments of bone. In
some instances several maneuvers have to
be combined: rotation with displacement
and the latter with angulation. Rarely is os-
teotomy practiced on the spine; occasionally
for deformities of the elbow, the wrist or
the fingers.? Osteotomy finds wider applica-
tion for such weight-bearing joints as the
ankle and the knee, and especially for the
hip. In osteoarthritis of the hip, subtro-
chaateric osteotomy” of the femur atterpts
to accomplish scveral purposes: by angula-
tion or displacement of the distal fragment
it proposes to change the line of stress; by
controlled rotation of the proximal bone it
aims to bring a comparativcly unworn ar-
ticular portion of the head of the femur
under the weight-bearing sector of the ace-
tabulum,

Ostectomy may be partial or complete.
An example of total ostectomy is the re-
moval of one of the sesamoid bones; the
patella, for instance. In chondromalacia of
this largest sesamoid bone, one may hesitate
between remodeling it and removing it in
toto, In the young, it is perhaps wiser to
reduce the size of the patella, leaving an
osseous core that will maintain the continu-

Partial ostectomy or resection of
ends is also practiced in non-weigh
joints: in the jaw, the condyle and t
noid process of the mandible are
in the acromioclavicular joint, the o
of the clavicle; in the elbow, the he:
radius; in the distal radio-ulnar arté
the terminal inch of the ulna; in tl
one or all of the carpal bones of tt
mal row; in the hand, the heads of t
carpals; in the fingers, the distal enc
proximal phafanges. In arthritic fee
an inch or more of the distal end
middle 3 metatarsals are resectec
preferable not to remove the end:
first and the fifth metatarsal bones
stead, to resect the proximal portios
adjacent phalanges. Phalangectomy
or complete, is practiced at times
formities of the toes: phalangectom
4 lateral toes leaves them flail, ant
this way, they will shrivel backw
become unsightly, even painful. It
able surgically to syndactylize each
adjacent toes together.

Partial ostectomy finds its valid
tion in mobilization of the temporom
lar joint and in painful arthritis at t
mioclavicular junction, both pure

ity of the quadriceps pull. This is especially
true in cases of chondromalacia of the pa-
tella due to recurrent dislocation. At the
same sitting that the insertion of the patellar
tendon is shifted medially on the proximal
tibia the patella is reduced in size, shaved
along its medial and lateral borders, and
remodeled on its articular aspect, leaving
unmolested the supertor and the inferior
poles where the tendons conncct. Then the
denuded articular surface of the patella is
covered with folds of capsular tissue much
after the manner of pentonealizing a viscus.
In the aged, in whom degenerative arthritis
is more common, the patella often is mush-
roomed and interlocked, and one must
forego such refined procedures as patelia-
plasty and resect the patella as a whole
(Fig. 3).

weight-bearing articulations (Figs. -

Synovectomy may afso be parfml
plete. The best example of partial s
tomy is in the resection of the gastroc
semimembranosus bursa, or Baker
Both these terms—cyst or bursa-—t
misapplied. What we actually hav
outpouching, or dwerticulum, of tt
joint that may be pathologically es
the sac on the meduat aspect of the §
space may swell as a part of the gen
change, affecting the lining of the
articular cavity of the knee; or, bec
its dependent position, which.favors
or stagnation, 1t may be the dlSCrFtE
disease. In the latter instance, cxmpi
the pophteal sac will suffice; but, W
swelling is a part of generalized dis
the joint lining, synovectomy has tot



Fic 5. Mobrhization of a joint by resecting one of the articular ends forming
a jomnt, (For details of this operation see Ref. 2, p. 138.) (Top, left}) Frontal
view of a woman with interloched temporomandibular jont. (Top, righr)
Profile view of the same (Center, left & right) Showing the range of mobility
of the lower jaw before surgery. The scales are in inches, (Bottom, left & right)
‘The same afier resection of the articular ends of the mandible, The pimplelike
discoloration on the chin seen at right 1s due to the Steinmann pin used for
traction postoperatively.
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Fic 6. Arthrolysis for fibrous ankylosis combines the principles of synovectomy with
those of dissection of scars and bands In the knee, scar-buried menisci, and even the
cruciate ligaments, are removed; in the suprapatellar pouch the dissection is carried
down to the bare cortex of the distal articular end of the femur

(Top, left) The knee of a woman with complete fibrous ankylosis due to supra-
condylar fracture. Preoperatively there was only 10° passive painful motion, The
probe passes a thick band of scar binding the patella to the femoral condyle. (7op,
center) The same after release of the patella showing the scar-matted articular surface
and the scar-buried cruciate hgaments. (Top, right) The same after completlonvof
dehiscence Note that even the periosteum has been stripped, and nutrient foramina
are evident (Bottom, left, center & right) Functional results. This patient has been
followed now for 8 years The knee 1s palnless and stable: “cructate ligaments are not
crucial "

complete. Perhaps complete is too strong a  In the knee, a few cubic centimeters of oil
word; subtotal is nearer the truth. When 1s introduced into the joint, and lateral view
synovectomy 1s contemplated for old burnt- roentgenograms are taken at intervals. If,
out rheumatoid dusease, it is best to ascertain ~ within a month, the popliteal lym.Ph .node
first the state of ir lammation in the jomt becomes impregnated with oil and is visual-



Fics. 7 and 8 Arthroplasty, or adaptive remodeling of the articular ends of bones,
finds 1ts greatest usefulness 1n the elbow and the hip. In the knee 1t is to be regarded
as a compromise procedure—not nearly as beneficial as arthrodesis.

Fi6. 7. (Top, left & right) Show somewhat different views of the knee of a woman
with burnt-out rheumatoid arthritis Note the destruction of the articular surfaces of the
femoral condyles. (Bottom, left) The same after remodeling. {Bottom, right) The filed-

down

femoral condyle has been covered with a pedunculated fascial flap obtained from
around
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ized in roentgenograms, it means that the
synovial lining readily absorbs the radio-
paque substance, hence is hypetem'xc—hot——
and the joint had better not undergo opera-
tion.*4% We depend more on this test than
the sedimentation rate, which may be in-
creased due to inflammation elsewhere or in
some other joint than the one under con-
sideration,

Arthrolysis, or dehiscence of scar-bound
articular surfaces, is somewhat akin to syno-
vectomy: not only are adhesions severed
but also scar-producing synovial lining is
dissected out. In the more severe cases of
fibrous ankylosis one must do more; one
must extirpate the intra-articular fibrocarti-
lage as the menisci of the knee. In the supra-
patellar pouch of this joint, where most of
the adhesions occur, the dissection is car-
ried to the undersurface of the quadriceps
muscles on the one hand and on the other
down and including the periosteum sur-
rounding the distal articular end of the femur
(Fig. 6).

Arthroplasty, or adaptive remodeling of
opposed articular surfaces, is an operation
that finds its greatest uscfulness in the
fingers, the elbow and the hip. The primary
purpose is to enhance movement, which is
of paramount importance for the upper ex~
tremity. Preliminary to mobilization of the
joint, one must ascertain the power of the
muscles moving the segments connected at
the joint—make sure that they have not
wasted away by prolonged lack of use or
turned fibrotic In weight-bearing joints,
arthroplasty is used most often for the hip.
At this jomt, where a globular head has to
be carved from one flattened and mush-
roomed, and sometimes the acetabulum has
to be deepened, the lever between the at-
tachment of muscles to the greater trochan-
ter and the axis of the joint movement 1s

diminished; the trochanter rides high, and
the tension of the attached muscles is nulli-
fied, Muscular function can be improved
greatly by shifting the trochanter downward
on the shaft, by combined angulation-type
subtrochanteric osteotomy or by an endo-
prosthesis of conferrable head and neck to
procure the desired leverage.*
Arthroplasty denotes a reshaping of the
opposed articular ends of bones and inter-
position of some such material as will pre-
vent reunion of the freshened surface. The
knee is not a ball-and-socket joint, as is the
hip, that lends itself to adaptive remodeling;
nor is it as deeply situated or swathed with
heavy musculature and able to tolerate the
interment of foreign material in the form of
plates, caps or prostheses. In the knee, at-
throplasty is less likely to succeed, and
acthrodesis is the better operation. Occasion-
ally, however, arthroplasty of the kaee is
attempted as a compromise measure. In 2
woman of sedentary habits with no economic
exigency, with a stiff hip on the same si‘de
making such a simple performance as sh}?‘
ping on a stocking an impossible feat, one 1S
justified in mobilizing the knee, hoping that
this will permit some hittle motion and remain
relatively painless. No surgeon in his right
mind should perform arthroplasty on a knee
that has undergone solid bony ankylosis fiﬂd
1s 1n good functional position for walking.
Arthroplasty is tried only on a knee that has
become interlocked because of irregular de-
struction of articular surfaces; the incongru-
ous grooves and gutters are smoothed out
and covered by a pedicled fascial flap ob-
tained from the vicinity (Figs. 7 & 8). .
Arthrodesis is the most useful operation
for such weight-bearing joints as the hip, the
knee and the ankle. In umlateral hip in-
volvement in young laboring men who earn
their Iivelihood in occupations that requir¢

Fic. 8 (Top, left) Lateral view roentgenogram of another woman with burnt-out
theumatoid arthnitis, interlocked knee She had bony ankylosis of hip on the same side.
(Top, right) The same after remodeling the femoral condyles and the patella, (Center,
left & right) The knee during exposure (Bottom, left) Postoperative range of flexion
(Bottom, rig) 1) Postoperative range of extension.



FiG. 8. (Caption on facing page)
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standing or walking, it is the operation of
choice. Occasionally, the interphalangeal
joints of the toes are fused for painful
hammertoes. In the upper extremity, the

shoulders, the elbow, the wrist and the
metacarpophalangeal joint of the thumb
and, occasionally, the interphalangeal joints
of the small finger may have to be stabilized.

Fic 9. Arthrodesis. For weight-bearing joints no operatton gives as gratt-
fymng results as fusion. In the wrist, t00, 1t is to be preferred to carpectomy,
espectally 1o arthritis,  (Top, left) A P 101 am of the wrist

of a woman with theumatoid arthriis, (Top, right) The same after transu]qar
fuston the segment of resected ulna was used as a dowel graft between radius
and os magnum (Bottom) Lateral view of the same showing the position at
which the wrist 15 fused.



Fi6, 10, Fusion of arthritic knee with the aid of an wmtramedullary rod.
(Top, left & right) Preoperative anteroposterior roentgenogram of the knee
of a woman with painful rheumatoid arthritis (Bottom, left & right) The same
6 months after surgical fusion and imsertion of intramedullary rod.
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Fic, 11. Transfibular arthrodesis of the ankle. (Top, left) Showing the exposure of
the distal 3 inches of the fibula through a lateral incision. (Top, center) Passing the
bone retractors under the shaft of distal fibula. (Top, right) The fibula has been resected,
exposing the ankle jomnt (Bottom, left & center) Denudation of the opposed articular
surfaces of the tibia and the talus and preparation of a groove wnto which the decortt-
cated portion of the resected fibula is countersunk. Sometimes, through a small counter
incision beneath the medial mallus, arthrodesis is completed. (Bottom, right) Closure.

When the elbow 1s ankylosed surgically, the SUMMARY

proxlmal end of the radius is resected; when Surgical measures most useful in arthritis
the wrist is fused, an inch or two of the distal  are asprration and injection of joints, arthrot-
ulna is resected to preserve pronmation and omy, ostectomy, osteotomy, synovectomy,
supination of the forearm (Figs. 9-12). arthrolysis, arthroplasty and arthrodesis.



FiG. 12. Arthrodesss of the ankle. (Top, left) Anteroposterior roentgenogram

of the ankle of a woman with painful arthritis. (Top, right) Lateral view of
the same, (Bottom, left) Anteroposterior roentgenogram of the same 6 months
after transfibular fusion, (Bortom, right) Lateral view of the same.
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Not the least of the benefits derived from
surgical interference in arthritis js the estab-
lishment of diagnosis and discovery of con-
ditions other than arthritis, especially tumors.
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Mesuras Chirurgic in le Tractamento de Arthritis

Summario in Interlingua

Varie mesuras chirurgic pro le tracta-
mento de arthritis chronic es describite.
Istos include aspiration e injection, arthro-
tomia, osteotomia, ostectomia, synovecto-

mia, dehi ia o elimination de adh
ablation de osteophytos e incongruitates
mechanic, e arthroplastia e arthrodesis.
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Pathogenesis of Lumbar Disk Lesions

L. STANLEY S

To any physician practicing in an arca
where farming, ranching, mining, lumbering
or other heavy manual labor occupies most
of the male force, it must sooner or later
become evident that there is a corrclation
between type of work and lumbar disk
injuries.

In reviewing the 4,000 records which
comprise the background for this report, 1
was impressed by the histories of long-
existing back difficulty, even in young
adults. Fribcrg’r states:

Disk degeneration is very common, often ap-
pearing at an early age, but 1s not detected clini-
cally until 1t has Teached an advanced stage.

I believe that early post-traumatic disk
degeneration can be detected on a basis of
Suspicion by the history of the injury and
the Symptoms, this 1s the time for long con-
sultation between doctor and patient, for
frequently the future of the patient's back
depends upon what is said and done at this
moment. There are scores of excellent arti-
cles and learned discussions on the anatomy,
the physiology, the diagnosis and the treat-
ment of lumbar disk lesions, but very little
has been written that even hints at the pre-
vention of these same lesions. Surely our
knowledge. has progressed enough in the
Past 22 years for us to use some of 1t in the
5;°£hY!a){ls of this condition. None of us 1s
\gotmxc as to believe that his treatment

; i_dahe Falls, Idaho

tberg, S . Lumbar disc degeneration 1 prob-

Ie;
B:ll]o]f_llumbagf’ sciatica (Sir Robert Jones lecture),
0Sp. Joint Dus. 15:1.20, 1954,
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of an injured lumbar disk would be superior
to the prevention of the injury in the first
place.

A consideration of the etiologic factors in
proven cases of lumbar disk herniation may
prove useful in delineating what I have
chosen to call the “natural history” of this
condition.

Among high-school boys feeling the first
proddings of manhood, weight-lifting con-
tests have appealed as a proof of physical
superiority. J. Albert Key reported an op-
erative case where a weight-lifting contest
was the etiologic agent in a ruptured lumbar
disk, and I have had two of my own. Acro-
batics on a trampolin are taught in some
schools as a part of the gymnastics class,
and here the acute hyperextensions have
wrought not a few disk injuries. In like
manner, back dives and flip-overs in the
swimming pool have brought teen-agers to
gnef with their backs. Too early exposure
to heavy work, such as “bucking spuds” in
our area where teen-age youngsters work in
harvesting the potato crop, has produced the
first insult to a lumbar disk. Obviously, this
type of exposure to injury 1s regional 1n
occurrence, but other types of exposure may
come to mind to those from other parts of
the country where growing youngsters are
exposed more or less dehberately to too
heavy manual tasks If we physicians know
that the foregoing are harmful to our chil-
dren, would not some well-directed advice
be as useful and as justifiable as the giving
of antipolio vaccine?
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Etiologic agents in adults are many and
varied, but let us consider again some of
those which have yielded proven cases of
herniation and rupture of a Jumbar disk. In
car accidents, occupants may be thrown
under the dashboard or catapulted from the
front to the rear seat with acute herniation
of a lumbar disk as the result. Prophylaxis
here is too simple for adoption; namely, the
seat or lap safety belt. I could devote the
rest of this chapter to this favorite subject
of mine, but it has already been developed
admirably in other numbers of Clinical
Orthopaedics. That we physicians have
failed to educate our patients in this impor-
tant safety measure is revealed by a state-
ment by the Ford Motor Company that only
4 per cent of new cars ordered from the fac-
tory are accompanied by requests that safety
belts be installed. Men lifting heavy truck
tires in the act of changing them without
any 1 aid have damaged Jumbar
disks. Lifting trailer tongues to the coupling
without the aid of a jack has proven hazard-
ous. Stacking 90-pound bales of hay or
loading 100-pound sacks of potatoes into
a freight car using the back as a human
derrick has damaged a frightening number
of lumbar disks. Women lifting couches or
beds unaided have come to grief. Nurses
lifting heavy patients do more than “strain”
their back muscles Anyone pushing a
stalled automobile or trying to Iift apart
bumpers that are hooked is courting a seri-
ous injury to one of his lumbar disks. Lift-
ing heavy overhead garage doors that are
recalcitrant is a problem that would be
better solved by driving through the door
and replacing it with one that works easier!

Sir Arthur Keirth,* wnting on man’s pos-
ture, states.

In none of the orthograde forms 1s such a
contmuous and urgent demand made on the
postural spal mechanisms as in man, with the
whole weight of the supra-sacral portion of the

*Ellis, | O
Tr A
1940.

(Ed ) The Injured Back and Its
3 , Springfield, 11L, Thomas,

P P

body supported erect on the spine over long
intervals. In fatigue the muscles which act on
the short Jevers of the spine yield first, while the
muscles which act on the long costal levels still
keep on.

Thus the lumbar segments and their disks
get the first results of the fatigue pattern,
and the obvious medical implication here is
to make some effort at changing those
working conditions which fatigue the lumbar

lature. Keith conclodes:

It is rot true to say our spines are not perfectly
adapted to the upright posture; it would be more
accurate to say that human spines were not
evolved to withstand the monotonous and trying
postures entailed by many modern jobs and
industries.

Goff,t in his excellent contribution “Or-
thograms of Posture,” demonstrates how the
lumbar lordosis of the muscular body type
is the greatest, and so is the incidence of
backache and degenerative disks in this type
than in any other, with degeneration follow-
ing the use of the part beyond its mean tol-
erance. Thus the muscular Tarzan thir'lks
that he has to justify his size by pecforming
muscular feats, and often the litile man toes
to keep up in order not to be outdone. All
too frequently both end up with damaged
lumbar disks.

Snedecor, in his clmical study of indus-
trial back injuries, found that under the
mechanisms of injury, overstrain from fa-
tigue produced a particularly bad group,
with 50 per cent of these cases becoming
chronic. These chronic cases became the
problem cases; i.e., it was more difficult to
treat them, much time was lost from work,
and a relatively high percentage had perma-
nent disability. A high percentage of recur-
rences of strains showed positive roenigeno-
grams such as unstable Iumbosacra.l .Jmnts
due to disk degeneration, osteoarthritis and

spondylolisthesis. If all these findings are

1955,
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true, could not presemployment roentgeno-
grams be used carly to place the man prop-
erly in industry with a view to his own ulti-
mate good? For thosc among us who act
either as industrial physicians or as consult-
ants should stimulate the development of
mechanical devices to aid the human back
in jndustry. We may also advise on chang-
ing working conditions harmful to em-
ployees’ backs,

Remember that, to a high degree, symp-
toms arc signs of a local aging, and if you
cannot change the man, maybe you can
alter his working conditions, Here is a vast
field for rehabilitation in a broad sense—to
find out what the man is capable of doing,
to create better contact between doctors
and employers, and to stimulate inventions
in order to ease jobs, be they in the plant,
the office or the home, Rchabilitation is a
utedical as well as a social responsibility and
Pays for jtself. The individual goes off
public assistance, returns to work and be-
comes sclf-sustaining; he may even be pro-
ductive enough to pay taxes,

Doctors of medicine had a chance to see
eaily and to diagnose properly 67 per cent
of patients with back complaints (Table 1).

TABLE 1. EarLy MepicaL CARE
PERCENTAGE OF

PERsoNS CAsEs SEEN
Physic: CoNSULTED IN EARLY STAGES
sician L., L. 45 4%
g:qup;actor and osteopath...  324%
ysician; chiropractor
aud osteopath ., ,........ 22.0%

TABLE 2. Duaonosis OFFERED PATIENTS BY
PHYSICIANS IN ORDER OF FREQUENCY

L Sagr&.ilxac conditions
S};Pp}l}g, subluxation or sprain)

3: Inf:cr:m’ neuritis, myositss

¥ 1on {teeth, tonsils, Pprostate)
1docnine dysfunction

(thyroid, uterine, ovarian)

TASLE 3. Tyers or TrReaTMENT GIVEN
s EARLY Disk Casts ny DocTors

© Sa%T0-liac belts 3. Massage

+ Back strappings 4. Procaine, local injection

Fi1G. 1. Photograph of a ruptured disk
from a patient with disk symptoms whose
rocntgenograms were negative. Note the
central fracture with formation of almost
a sequestrum n the posterior portion.
(Lindblom & Hultquist: J. Bone & Joint
Surg. 32:557)

5. Procaine, 14. Prostatic

intravenous injection massage
6. Salicylates 15. Antibiotics
7. Gold, 16. Sacro-iliac
intramuscular injection fusion
8. Cortisone 17. Removal of:
9. Vitamin B), Tonsils
10. Heat lamp Teeth
11. Diathermy Uterus
12, Built-up shoe Ovaries

13. Deep x-ray therapy
(The poor results obtained necessitated
eventual surgical intervention.)

These misdiagnoses led to the logical mis-
managements shown in Table 3. On the
few occasions where bed rest, heat and mas-
sage were prescribed for the wrong reason,
some patients obtained temporary relief, but
the physicians failed to re-evaluate their
patients’ condition in the light of this favor-
able response and to follow up with an ap-
propriate support and advice as to the
further use of the back.

Figure 1 shows a disk removed at
autopsy These are the early changes men-
tioned previously, and this is the type of
disk that can heal itself under conservative
management.

Figure 2 shows how this healing under
conservative management comes about. The
ruptured portion of the disk is invaded by
granulation tissue which digests the frag-
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F16 3. The power derrick has a solid
lever arm with a fixed fulcrum and a
power cable that will not tear under a load

Fic. 2. Photo-
micrograph showing
how healing takes
place by invasion of
digestive granulation
tissue to absorb the
broken portion of the
disk. (Lindblom &
Hultquist: J Bone &
Joint Surg. 32:557)

mented material and in turn is replaced by
scar tissue.

The following are some visual aids which
have been helpful to me in explaining the
back and jts function to patients.

That the human back is not constructed
tike a power derrick and therefore should
not be used as ome will become obvious
when Figures 3 and 4 are compared. Evet
the most obtuse patient will understand from
this explanation that his back trouble is
mechanical and that many times he can pre-
vent attacks by being a little jntelligent 2
its use. However, few patients realize hoYV
Tittle musculature js available to extend their
spine in comparison with that available to
extend their knees. A brief perusal of Fig-
ures 5 and 6 will demonstrate to them why
it is better to lift with the Iegs than with the
back. .
In conclusion, I wish to state that it is
my firm belief that as physicians, and espe-
cially as orthopaedists, it is our responsi-
bility to inform lay audiences whenever the

Fic 4. The human derrick (Ifting with
the extensors of the spine with the knees
straight) has a multiple jointed rod as a
lever arm, the lumbosacral disk as the
fulcrum, and a set of power muscles which
are short and fatigue casily.
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Fia. 5. Cross section, full size, third
lumbar, A Tine drawing to indicate the
‘olume of muscle available to extend the
spine. Compare with Figure 6,

Opportunity presents as to how disk injurics
occur. We should not be surprised at the
welcome receptiveness given to health sug-
gestions, for most laymen are anxious to
hear from their physicians on topics that
will promote their general good. Failure to
refpond to invitations from lay groups
misses a wonderful opportunity to cultivate
ﬂlc. patient-physician relationship, still a
S“b]e'ct of present-day interest. We ortho-
Paedists can teach our fellow physicians at
3 staff or a county medical meeting, or give
lndw'xdual instruction by letter or demon-
stration on a patient in consultation. Fewer
;ﬂd fewer patients will seek care at the
Bands of t'he cultists if their physician is
Mterested in giving competent back care.
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Le Pathogenese de Lesiones de Disco Lumbar

Summario in Interlingua

Un revista e
esion de giscq
Orrelation jngar
Fthologia gep g,

4,000 consecutive casos de
lumbar revela un definite
le typo del lesion ¢ le
scos. In juvenes ancora

crescente, le precoce exposition a labores
rude e a certe typos de gymnastica se ha
provate nocive. In adultos, certe formas de
labor in que le dorso human es usate como



144 Pathogenesis of Lumbar Disk Lesions

un dersick ha ledite un terrific numero de
discos Jumbar.

Es presentate al medicos plure recom-
mendationes pro prevenir tal occurrentias o
al minus pro tractar los promptemente a un
tempore quando le correcte diagnose offere
ancora melior prospectos de restablimento,
Le valor de assignar selectivemente le un o
fe altere forma de labor es discutite con
roentgenogrammas del spina dorsal como
documentiation additional,

Es postulate le urgente desiderato de
plus adequate education del medico de f:
lia quj vede al minus 67% de iste caso
stadios non-avantiate ¢ ergo ha le me
opportunitate pro facer le correcte diagt
e pro instituer le appropriate therapia.
es clarmente un responsabilitate del or
pedo in le scholas medical, in le clinica
como consulente de su collegas de prac
general,
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The Painful Coccyx

BrckeTT HoworTtH, M.D., MeD. Sc.D.*

The word coccyx is derived from the
Greek word for cuchoo because of the resem-
bl.ancc of the coceyx to the beak of this
bird. The painful coccyx is commonly cafled
coccygodynia. This word was proposed by
Simpson in 1859, but it is the term for a
Symptom rather than a disease. The coceyx
ar}d its joints are subject to the same basic
disorders as the musculoskeletal system in
general. The coccyx may be affected by
congenital deformity, fracture, infection or
tum9r, whereas its joints may be affceted by
sprain, arthritis or infection. Rarcly is it
the center of psychoneurotic attention. How-
€ver, except for trauma and osteoarthritis,
disorders of the coccyx are rare.

HISTORICAL BACKGROUND
hﬂ?hceimfu" but not an.cxhnuslivc, search
0 the c:)\cmad(: of the literature pertaining
of the aiczlx. Apparcntly, the ﬁ}'st mention
Smet “pwl? ul coceyx was made in 1588 by
ward and 0 said, “My wife has fallen back-
she cannosto injured the coccygeal bone that
mpty 1 bsxt without pain, nor can she
Withg’ut r: owel or the bladder, or cough
reponed ugh dxstrf:ss.” In 1862, Meek’ren®®
todveeg g lsloc:'mon f’f the coccyx that was
with pmmy manipulation on the third day
Gahrhep'-':Pt and complete relief. In 1698,
fell on icy :::";loneg that his father-in-law
m‘ Ps and fractured the coccyx.
Yor Um:r:s:?fes;or of Orthopedic Surgery, New
Chuef of Orthoyed 0st-Graduate Medical School,
Wich, Conn ; ]_pkct‘l‘;—:érGrcenwnch Hospital, Green-

Yale Univemx‘n Orthopedics, School of
Y, New Haven, Conn.

He had great pain, “could get no passage of
the bowels and became seriously ill on the
fifth day, when he was advised to allow him-
sclf to be tumbled and pushed about by two
robust women. By the jostling, the end of
the os coccygeus, which was bent in, was
restored,” and he was relieved. In 1726,
Petit®® mentioned luxation of the coccyx
with childbirth. He advised reduction of any
Juxation of the coccyx by manipulation. He
reported a case of abscess of the coccyx,
which he incised, but the patient died 5
months later. The diagnosis is not clear. In
1758, Pickett advised coccygectomy for per-
sistent pain at the coccyx but reported no
case. In 1827, Jacob® presented “an ac-
count of a remarkable production, resem-
bling a tail, which was attached to the ex-
tremity of the vertebral column of a man”
and mentioned another that had been “am-
putated by his father.” He spoke also of “a
family, several of whose members presented
this remarkable variety of malformation.”

Thus, as early as the seventeenth century,
several types of painful coccyx had been seen
and recorded. The emphasis in most of the
subsequent reports has been on treatment.

In 1840, Blundell® described various le-
sions of the sacrococcygeal joint, such as
inflammation, suppuration, ankylosis. He
advised fracture of the ankylosed joint if
necessary for delivery, removal of the coceyx
for pamn of unknown origin or for suppura-
tion 1if other treatments failed. In 1844,
Nott?? said that the seat of pain was not al-
ways the seat of the disease, which might "

145



146 The Painful Coccyx

lead to error in diagnosis, and he reported
an actual removal of the last two segments
of the coceyx for neuralgia due to caries. In
1859, Simpson,*° in an excellent paper that
even today is timely, reviewed the literature
and described the symptoms, the pathology
and the treatment of fractures, dislocations
and obstetric injury to the coccyx, reported
2 cases of teratoma, proposed the term coc-
cygodynia, and advised subcutancous strip-
ping (rather than removal) of the coccyx for
relief of persistent pain. Apparently this
operation was not very successful, as it was
not adopted by others.

In 1893, Darrah® reported 3 cases of
caries of the coccyx. He stated that there
were 23 cases in the literature and that 16
of 19 excisions had been successful; how-
ever, these were not proven cases. In 1903,
Caubet!! added 3 cases, and, in 1924,
David!* reviewed the subject and added 2
cases treated by coccygectomy. The latter
stated that there had been only 1 report on
the subject in the interval. In 1928, Blount®
reviewed the literature of osteomyelitis of
the coccyx, totaling 31 cases, but stated that
many were not proven, He included the re-
port of a case that was proved. It appears
likely that in these various reports tubercu-
losis and other infections of the sacrum and
the coccyx were confused and mixed together.

Coccygectomy was undertaken in earnest
by the prominent proctologist Gant,?3 who,
in 1923, reported 100 coccygectomies for
fracture, dislocation, war njury, deformity,
necrosis or peniostitis but gave no follow-up
or documentation. In his textbook he also
gave an excellent chapter on lesions of the
area of the coccyx, a chapter that curiously
has been omutted from modern textbooks of
proctology. Other authors were much more

conservative in recommending coccygec-
tomy. In 1924, Graff** reported coccy-
gectomy duning labor and, in 1928, Heck-
scher®® discussed osstfication of the joints as
an obstacle to dehvery. In 1937, Duncan,*?
in a good gencral article on the coccyx, re-
ported 30 coccygectomes with full rehef

22; in the same year, Key® reported 15
coccygectomies with at least 12 very good
results. Both these reports are well worth
reading.

Massage of the painful saccrococcygeal
area was advised in 1910 by Ely,? but this
did not become popular until jts vigorous
advocacy by Thiele®* in 1937. Other reports
of good results with this treatment soon
appeared: in 1937, by Hobart;* in 1939, by
Foster;®! in 1942, by Bourgouin;® in 1943,
by Wilensky;*? and in 1947, by Wilkinson.®
Injection of the sacrococcygeal area with
alcohol was advised in 1919 by Yeomans;*
with procaine by Mandl** in 1929 and by
Suermondt#? in 1937; whereas in 1937
Waters*® proposed both. Quinine and urea
hydrochloride were preferred by Yodice® in
1932 and by Kleckner® in 1933. Rado-
therapy was proposed by Baastrup? in 1915,
who had used it in 15 cases with success I
10. In 1938, Beaton* suggested the possi-
bility that coccygodynia is referred pain
due to pressure of the piriformis muscle on
the sciatic nerve. However, it seems c]efn'
that this is rarely the source of sciatic paia
of any type. In 1951, Dittrich*® suggested
that the pain was associated with 2 deg‘en-
erated fat nodule in the mid-sacral region
and used procaine injection in this region.
Certainly this would scem to be the cause of
the pain in only an occasional case. 1t is of
interest that there has been no other report
of consequence concernmg the painfu] coc-
cyx in the past 20 ycars.

ANATOMY

Usually, the coccyx consists of 4 bony
segments (in about 80% of people), some~
times 3 or 5. In reality, the coccyx is an
attenuated fail, but it is short and tucked
forward underncath the skin, Rarely is 2
baby born with a coccyx hypetexte'nded or
Tong enough to project under the skm.llke 2
duminutive tul - Although tails several inches
long have been alluded to, no documented
case has been located in the literature, and
it is doubtful that a true human tail is pos~
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Tholumbar Lgament 7 Fig, 3. Ligaments
! ; of the sacrum and
the coccyx from be-
hind. The posterior
sacrococcygeal liga-
ment consists of a
long superficial and a
short deep portion
(Gray's Anatomy, ed.
' 24, Philadelphia, Lea
& Febiger)
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FIG 4. The coccyX,
anterjor and posterior
surfaces. The firstseg-
ment has transversé
processes and cornua
for articulation Wwith
the sacrum, The areas
. of muscle amchme?t
ExteRnuS are shown, (Grays
Anatomy, ed. 26,
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Ti6. 5. Muscles of
the coceyx ay seen
from within the pel-
wis The cocey geusene
tends from the spine
of the ischium to the
lateral border of the
lower sacrum and the
coceyx. The proximal
portion of the levator
ani extends from the
ischial spine and the
arces  tendincus  to
the lateral border of
the last two segments
of the coceyx and the
median anococeygeal
raphe. (Gray's Anat-
omy, ed. 26, Phifadel-
phia, Lea & Febiger)

FIG. 6. Muscles of
the coceyx from be-
low The distal fibers
€ the gluteus maxi-
s anse from (he
Yateral surfaces of the
foceyx The posterior
ﬁber§ of the levator
A nsert inty the
Iaterat border of the
o dista} toceygeal
Segments ang the ano-
occygeal raphe. The
Sphincter g, exter-

has an at.
lazhment tothe tip of

€oceyx  (Gray"
Anatomy. ed a2y;
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Febigery L2 &
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the second coccygeal segments, and usually
between the second and the third. The sac-
rum and the coccygeal segments are further
held together by anterior, posterior and
lateral ligaments (Fig. 3). In most cases,
moderate motion is found between the sac-
rum and the coccyx, less between the coc-
cygeal segments. The coccygeal segments
tend m time to fuse together in the adult,
earlier in men than in women.

In addition to 1ts attachment to the sac-
rum, the coccyx is supported by certain
muscles of the pelvic outlet The principal
muscles of the coccyx are the distal fibers
of the gluteus maximus extending from the
lateral surface of the coccyx to the iliotibial
band and the gluteal tuberosity of the femur,
the coccygeus from the spine of the ischum
to the lateral border of the lower sacrum and
the upper coceyx, the iliococcygeus (a por-
tion of the levator ami) that extends from the
1schial spine and the arcus tendineus to the
lateral border of the last 2 segments of the
coceyx and the median anococcygeal raphe,
and the sphincter am externus that sur-

Fic. 7. Tracings from
anteroposterior  roeat-
genograms of sacrur
and coceyx. (Top, left)
Normal contours and re-
lationships, joint spaces
preserved. (Top, right}
Asymmetry of lastsacral
and first coccygeal segs
ments, with slight devia-
tionto oneside. (Bottom,
left) Bony ankylosis of
sacrococcygeal and coc-
cygeal joints, (Bottom,
right} Slight asymmetry
of first coccygeal seg-
ment, moderate devis-
tion of coccyx to one
side.

rounds the anus and has an attachment 10
the tip of the coccyx (Figs. 5 & 6). Al
these muscles tend to pull the coccyx for-
ward; when they act more strongly on one
side, they pull it to that side. Essentially,
there are no muscles extending the coccyX-
Thus, the coccyx is always found to be
flexed or curved forward, unless it .hf’is be-
come ankylosed in the extended position

ETIOLOGY AND PATHOLOGY'
The coccyx varies in size, shape, digection
and mobility in different individuals and at
different ages. Normaily, the coccyx 18
curved or angled forward by muscle pull, 0
that the ndividual is not conscious of its
presence. In some people it deviates to on¢
side; in others, it projects straight down, of
even slightly backward (Fig. 7)- .In.sgme
individuals, motion of the coccyX is hmxt?d
or absent, and if the coccyx has become stx‘ﬁ
in the extended posttion its prominence 15

easily felt. When the coccyx i angle
straight forward, the lower end cf‘ the §acmm
is unduly prominent, especially in thin per-
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sons. There may be a sharp angulation be-
tween the sacrum and the coceyx or between
the first and the second coceygeal segaients,
with resulting bony prominence. Oceasion-
ally, the coccyx is free, “floating,” or con-
genitally absent. Spina bifida of the lower
sacrum is not uncommon,

The sitting posture of the individual has
an important cffect in the production of
symptoms from a prominent coceyx or sac-
num. When a person sits ercet with a normal
lumbar lordosis and the weight is supported
on the thighs, the coceyx does not reach the
seat. However, when the individual flattens
or reverses the lumbar curve and slumps
forward, the coccyx drops and reaches the
seat, causing painful pressuse. A jolt in this
position may cause injury to one of the
Joints of the coccyx. A fall on the buttocks

or astride is a frequent source of sprain of
the coccyx, occasionally of fracture or dis-
location.  Traumatic ostcoarthritis follows
repeated injuries to jts joints. Injury to
the joints of the coccyx during childbirth
leads to fibrosis and reduced motion, which
in later deliveries may require fracture of
the ankylosis, lcading cventually to bony
ankylosis, sometimes in an extended or a
deformed posilion (Fig. 12).

The pathologic findings in injurics to the
coceyx or its joints arc comparable with
those seen 1n similar lesions in other areas;
c.g., congenital deformities, fractures, dislo-
cations, ostcoarthritis,

A coccyx sharply angulated forward may
cause damage to the rectum, even perfora-
tion or ulceration. Such a coccyx may dam-
age the local soft tissues, or even the head

as to b
Ower s;
asymm

Fis 8, Anteroposterior roentgenograms of lower sacrum and coceyx at such an angle

ring the coceyx above the symphysis for better visualization. (Left) Normal
aCrum and coccyx, almost symmetric, with healthy joints. (Right) Moderate
etry of lower sacrum and coccyx with partial ankylosis of sacrococcygeal joint.
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of the infant, during delivery.** Infection of
the coccyx is uncommon, but tuberculosis
and osteomyelitis have been reported. Pri-
mary tumors of the coccyx are rare, but
giant cell tumor has been reported;® sar-
coma of the sacrum is seen occasionally;
metastatic carcinoma of the lower sacrum
and coceyx is less rare (Fig. 17). Chor-
doma of the sacrococcygeal region is rare
in the experience of any one surgeon, but
the Mayo Clinic reports 48 cases!® (Fig.
16). Glomus tumor of Luschka’s body, an
arteriovenous plexus anterior to the lower
sacrum, is also rare. Teratoma and menin-
gioma of the coccygeal region are scen
usually in infants and generally are large
enough to be readily recognized.

SYMPTOMS

The usual symptom related to the coceyx
is pain. The pain is present commonly on

Fi6 9 Anteroposterior roent
Caleification in center of sacroco
with condensation of adjacent surfv
in time will lead to bony ankylosi
bony ankylosts of sacrococcygeal a

f

sitting, often relieved by standing or lying
down. When the pain is acute, it may be
aggravated by lying on the back, by walking
or stooping, or by any contraction of the
muscles or movement of the coccyx. The
pain is worse when sitting upon a hard seat
or sitting with the lower back slumped. The
pain is increased further by sitting in a mov-
ing vehicle or riding on horseback.

The pain begins suddenly with a definite
injury in many cases, but it may start gradu-
ally with no obvious cause. The pain tends
to persist with faulty sitting posture and
with much sitting. The pain may be worse
with coughing or straining at stool, especially
with constipation or with rectal or vaginal
disease. The vast majority of individuals
with a painful coccyx are women, and the
usyal age perfod is between 30 and 50 years,
but even a child may have persistent pain in

f sacrum and eft)
ysis. The jon 1m,
¢ degenerative ich

(Right) An ith
ints.
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Fic 10. Latcral roent-
genograms  of sacrum
and cocey % of two chil-
dren. (Left) A 10-year-
oM girl, The sacral sep-
ments are not yet fused,
and only the fist coc-
ageal sepment is onsi-
fied The cune of the
sacrum and the coceyx
isrormal. Thischild had
pain of several months'
duration at the coceyx
following a fall on the
buttocks, with tender-
ness and pain on motion.
The pain was relies ed in
ashort time hy teaching
ber to heep the silting
weight off the coecyx, 1o
2pply focal heat and to
d.o gluteal muscle exer-
cuses. (Righr) A 13-year.
old girl, The sacral seg-
ments are neatly fused,
bu.t the distal sacral
tpiphysis is yot visible.

€ coccyx is angulated
forwardsharply between
the first and the second
;:gft)enls. The girl had

TSistent pain g iev 3
i o o s 4 P

e coceyx atter 4 diret ini i
dircct injury (Fig. 10).
G Her a ey U
v;:cc Yeeal pain may be produced or aggra-
ed by delivery of o baby.

SIGNS

o :{pnm:lp_al signs of lesions of the coc-
motione {:chahzcd tenderness and pain on
sacre, S tenderness s usually at the

oco - L
ety ¥geal joint, less often at the joint

buttock or to support the weight of the trunk
with the arms to relieve pamn. If there is a
fracture, the signs are localized to the bone
rather than to the joint, unless the joint, too,
is involved. Displacement of the fragments
may sometimes be felt, but this 1s not usual
Deviation of the coccyx forward or to one
side is not due necessarily to a fracture or a
dislocation and may have been present long
before the mnjury. Definite displacement of a
jount is indicative of dislocation, whereas dis-

am“ifs’l f:n:i first and the second
fin, eitl:, e0r ;ced by.motion of the affected
by mgyin Y pressing the coccyx forward
ntig rmuglt back z.md forth with one finger
e spasl::l. Swelling, inflammatory signs,
ent o and even ecchymosis may be
Signs Tecent Injury. The symptoms
the iniury ?hprop.omonal to the severity of

-+ There s 5 tendency to sit on one

g
Pre
a

pl t of the fragments may be palpated
with displaced fracture of the lower sacrum
or coccyX.

Rectal examination should always be
done in order to palpate the anterior sur-
face of the coccyx, the lower sacrum and the
adjacent muscles, as well as to rule out or
to study a rectal lesion. Pelvic examination
sometimes is advisable.
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ROENTGENOGRAMS

Anteroposterior and lateral roentgeno-
grams of the lower sacrum and coceyx are
advisable in all cases of coccygeal pain in
order to demonstrate anatomic variations as
well as the possibility of a pathologic process
(Figs. 8 & 9). The rectum should be emp-
tied beforehand, preferably with a laxative
or an enema, Congenital anomaly or asym-
metry of the coccyx is not uncommon and
is usually without clinical significance (Fig.
8). Forward or lateral deviations of the
coccyx should be distinguished from dis-
placements due to fracture or dislocation
(Figs. 1 & 10). Fracture, when present,
usually extends transversely or obliquely

P —

P

across the Jower sacrum or the first coc-
cygeal segment (Fig. 14). Dislocation is
rare as a traumatic lesion, but, when present,
it is seen more often at the sacrococcygeal
joint (Fig. 15). Osteoarthritis of the sacro-
coccygeal joint is sometimes recognizable in
the roentgenograms (Fig. 11). Bone de-
struction due to infection or tumor is seen
occasionally.

DIAGNOSIS

An acute injury, with acute local symp-
toms and signs, is usually indicative of a
sprain, occasionally of a fracture, and roent-
genographic  confirmation  is advisablf'.,
Chronic pain in the region of the coccyx is

Fi6 11 A 45-year-old woman, There is ankylosis of the sacr.ccoccygeal gnd
the coccygeal joints, largely bony, and the coceyx points stralgh.t down, hus
partly to the increased lumbar lordosis. The coceyx, stiff at childbirth, al
been freed by pulation This was followed by pamn and spasm for severa
weeks  Sitting pain had persisted, requiring eventual removal of the coccy};
which brought relief (Right) A 43-year-old woman The coceyx I cun’.eh
forward. but there 15 moderate osteoarthritis of the sacrococcygeal joint witl
fibrous ankylosts, The persistent pain and tenderness were largely relieved by
a proper sitting posture and physical therapy.
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usually duc to traumatic ostcoarthritis but
sometimes follows an acute sprain or frac-
ture. Pain due merely to loeal irritation from
prolonged sitting with poor posture is less
common,

Low-back pain sometimes radiates into
the sacral or the coccygenl region, but the
signs are localized to the low back rather
than the coccyx (Fig. 13). Dittrich?® re-
ports fat nodules dorsal to the lawer sacrum
as a source of coccypeal pain, but this has
not been confirmed by others,

Lesions of the anus and the rectum, as
well as perirectal abscess, fistula and piloni-
dal eyst, are distinguished by carcful cxter-
aal, rectal and proctoscopic examinations.
A glomus tumor of Luschka's body or other
tumor may be felt on rectal examination, and
foentgenograms may be confirmatory if there
is bone destruction.

Tumor of the cauda equina may cause
pain or numbness, or both, in the region of
the coccyx, but the symptoms and signs are
more widespread, Differentiation requires
careful examination of the low back and the
rectunt as well.  Neuralogic opinion may
also be desirable,

Spasm of the muscles of the coccyx and
vaginismus have been reported as sources of
coccygeal pain (Ely,*® Thicle'* and others).
Often, pain in the coceygeal region has been
attributed to psychoncurasis, especially since
it occurs so preponderantly in women. How-
ever, it is important to distinguish those who
have a definite focal lesion of the coccyx or
its joints with exaggerated symptoms from
those who have no local lesion. Persistent
coccygeal pain in a sensitive woman may
casily lead to a mistaken diagnosis of a
psychoneurosis.

[ |

Fa. 12, A $0-year-old woman, The coccyx 1s sharply angulated forward

through the first segment, deformed apparently by a fracture associated with a

severe fall on the buttocks, There ts bony ankylosis of the sacrococcygeal joint.

Partial relief was obtamned by a proper sitting posture and appropriate physical
therapy. (Right) A 52-year~old woman. There had been difficulty with the
£0CCYX on two delivenes, as well as several falls on the buttocks. The coceyx
IS curved forward, with bony ankylosis of all joints. Relief of persistent pain
and tenderness was obtained by coccygectomy.
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TREATMENT

Recent dislocation or fracture displace-
ment of the coccyx should be corrected by
digital mampulation by rectum, using anes-
thesia if necessary. Sometimes the manipu-
lation has to be repeated because of per-
sistent or recurrent displacement. Digital
fracture of the coccyx for a stiff sacrococ-
cygeal jomt js sometimes advisable at the
time of delivery.

The essence of treatment of acute or
chronic traumatic disorders of the coceyx
is to keep weight off the coccyx until the
joint has had tune to heal. This is done by
using an upright, properly fitting chair with
a properly shaped and firm seat, and by
using the upnight sitting posture with the

Fic. 13. A 48-year-old woman. The lumbosacral disk
is thin, with degenerative changes. The lumbar spine is
erect and flat, being almost in vertical alignment with the
sacrum. Thus, the coccyx is directed downward, with
persistent pain and tenderness. In this instance the Jumbo-
sacral abnormality was largely responsible for the coc-
cygeal symptoms. However, removal of the coccyx led
to relief. The [umbosacral joint also required treatment

FiG. 14. Fracture of the lower sacrum, transverse,
comminuted, with moderate forward displacement of the
lower fragment, and slight forward angulation. Such a
displacement should be reduced by mamipulation if possi-
ble. There is also a moderate forward angulation of the
lower coccyx that had existed previously.

s. A Pad ora
in the small of

the back to aid in maintaining this position.

weight mostly on the thigh
small pillow may be placed

A sponge-rubber cushion may be flCS‘?bb“
for the seat. The pain may be relieve y
hot sitz baths, hot packs or a hot-water bag,
or rectal douches. External massage 12
sometimes helpful. Massage per rectum Of
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TREATMENT

Recent dislocation or fracture displace-

FIG. 13. A 48-year-old woman. The lumbosacral disk
is thin, with degenerative changes. The lumbar spine is
erect and flat, being almost in vertical alignment with the
sacrum. Thus, the coccyx is directed downward, with
persistent pain and fenderness. In this instance the fJumbo-
sacral abnormality was largely responsible for the coc-
cygeal symptoms. However, removal of the coccyx Jed
to relief, The Jumbosacral joint also required treatment.

FiG, 14. Fracture of the lower sacrum, transverse,
comminuted, with moderate forward displacement of the
lower fragment, and slight forward angulation. Such a
displacement should be reduced by manipulation if possi-
ble. There 1s also a moderate forward angulation of the
lower coccyx that had existed previously,

ment of the coccyx should be corrected by
digital manipulation by rectum, using anes-
thesia if necessary. Sometimes the manipu-
lanon has to be repeated because of per-
sistent or recurrent displacement, Digital
fracture of the coccyx for a stiff sacrococ-
cygeal joint 1s sometimes advisable at the
time of delvery,

The essence of treatment of acuteé or
chronic traumatic disorders of the coccyx
1s to keep weight off the coccyx until the
joint has had timc to heal. This is done by
using an upright, properly fitting chair with
a properly shaped and firm seat, and by
using the upright sitting posture with the

weight mostly on the thighs. A pad or a
small pillow may be placed in the small of
the back to aid in maintaining this position.
A sponge-rubber cushion may be fiesu'able
for the seat. The pain may be reftieved by
hot sitz baths, hot packs or a hot-water bag,
or rectal douches. External massage 15
sometimes helpful. Massage per rectum of



Coccygectomy

F1a, 15. (Left) Posterior subluxation of
the coceyx, with osteoarthritis in sacro-
coccygeal joint, restricted painful motjon,
relieved by coccygectomy. (Right) Sharp
forward angulation at sccond and third
coccygeal joints. There was poor motion
at the sacrococeygeal joint, with pain, and
tenderness at the kyphos. A good result
was obfained by removal of the coccyx.
(Key & Conwell: Fractures, Dislocations
and Sprains, ed. 6, St. Louis, Mosby)

the sacrococeygeal region and the surround-
ing les is beneficial when the 1
are in spasm and tender, especially after
childbirth. Massage is best given 2 or 3
times weekly for 3 or 4 weeks. Specific exer-
cises for improving the tone of the muscles
of the buttocks are helpful. Weight reduc-
tion is advisable in the presence of obesity.
Radiotherapy, as well as various injec-
tions into the sacrococcygeal area or nerves,
has been used in the past, with conflicting
reports as to the results of such treatment.
However, local but careful and precise in-
jection of hydrocortisone with 1 per cent
procaine or lidocaine has proven to be

"
h

more successful than any of these earlier
treatments and often gives sufficient relief
to obviate surgery.

COCCYGECTOMY

This operation was first suggested by
Pickett in 1758, again by Blundell® in 1840,

Fio. 16. (Lefr & right) Chordoma of the sacrum. Much of the lower halt;
of the sacrum has been destroyed by this tumor, Ieaving only strands of trabecu-
lae inside the cortical outhne of the bone. When such a tumor in this location

is small, the symptoms may be confused with those of traumati itis
¢ art
the sacrococeygeal joint. hritis of
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Fic. 17. This patient had persistent
pain in the sacrococcygeal region, worse
at mght. There 1s a spotty area of in-
creased density and irregular outlne near
the center of the sacrum, a sarcoma.
Agan, confusion as to diagnosis may
anse early in the course of the disease,
especially if good roentgenograms are not
available

and first done in the United States by Nott3?
in 1844. Removal of the coccyx is advisable
when there are persistent, localized pain and
tenderness unrelieved by nonoperative treat-
ment and when the diagnosis is clear. Coc-
cygectomy 1s not a panacea for pain in the
coccyx and should not be used unless there
is a clear indication, such as a stiff coccyx
in a badly deformed position, diseased bone,
a removable tumor or persistent unrelieved
localized pain. The operation should not be
done in the week preceding or dunng the
menses.

The operation requires meticulous care in
the dissection, and it should be remembered
that what is left behind is more important
than what is removed. Ragged dissection,

hematoma, bony spicules and bad scars are
not conducive to good results. We have seen
at least one failure due to a long spike of
bone that was left projecting downward into
the area of dissection.

Coccygectomy is best done with the pa-
tient prone, hips and knees flexed moder-
ately, knees separated. The skin incision
should be to the side of the mid-line, as it
will heal better. Posterior dissection should
adhere closely to the periosteum, and the
lateral dissection should follow carefully the
contours of the bone, including the trans-
verse processes. Usually the coccyx is dis-
articulated from the sacrum and pulled back
gently, and the periosteum is stripped care-
fully from its anterior surface. Sometimes it
is helpful to disarticulate other portions of
the coccyx in the process of removal, but 1t
is important not to lose sight of the terminal
segment. Usually it is advisable to remove
the distal narrow portion of the sacrom,
about ¥ inch above the joint, leaving a
smoath, rounded stump. More should not
be removed because of the danger of weak-
ening the rectal floor. The entire dissection
should be neat and clean, and bleeding
should be controlled carefully, The perios-
teum and the ligaments are sutured care-
fully to close the dead space, particular
attention being paid to avoid puncturing the
rectum. The subcutancous tissue and the
skin are closed separately. A thin dressing
is applied and may be sealed with collodion
to prevent contamination. This may bc'cov-
ered with additional dressiag, held with a
T-binder and changed as mdicated

A constipating diet and pill of opium or
morphine are given commonly for 2 or 3
days after the operatton, followed by an
enema. However, it seems preferable, in-
stead, to give Thalamyd (phthalylsulfaceta-
mide) 20 Gm., 3 times daily for 3 df!)'s
before operation and 3 days alter operation
to serve as an intestinal antiseptic, and to
maintan normal bowel fanction and avoid
constpation. Gluteal exercises are resumed
a few days later. The patient may be ambu-
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lant ns soon as this is comfortable. The
sutures arc removed in 7 to 10 days, and
sitting is begun gradually.

The results of the operation are very good
if the cases are chosen carcfully and skilfful
technic is used. Gant,® in 1923, reported
good results in 90 per cent of 100 cascs but
did not present a critical analysis. In 1937,
Duncan'® reported good results in 22 of 30
cases, Key™ in 12 of 14 operations. The
author has had good or excellent results in
11 coccygectomy cases with long follow-up.

PROPHYLAXIS

Chronic strain of the sacrococcygeal joint
may be avoided by the use of proper seating
and good sitting posture, by the maintenance
of good gluteal muscle tone and the avoid-
ance of obesity. Usually, falls on the coceyx
may be avoided by the elimination of ob-
vious dangers such as loose rugs and pol-
ished floors, the avoidance of high heels,
and keeping the weight forward with the
body in a slight crouch when walking on
stippery surfaces (dynamic posture).”

CONCLUSIONS

An understanding of the anatomy of the
coceyx and its joints is helpful in evaluating
its disorders. Injury and disease of the coc-
cyx are subject to accurate diagnosis, as are
any other bone and joint disorders. Lesions
of the coceyx are comparable with those of
other parts of the skeletal system. Traumatic
osteoarthritis and spram are the most com-
mon disorders of the coccygeal joints. Trae
psychoneuros:s related to the coceyx is rare,

Pain in the coccyx can be relieved usually
by removal of the weight from this area in
sittng, aided by physical therapy.

Persistent pam in the coccyx may be re-
heved by coccygectomy, but the operation
sh(;;)ld be chosen carefully and performed
well.
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Le Coccyx Dolorose
Summario in Interlingua

musculoskeletic. Le coccyx e su articufa-
tiones suffre, a generalmente parlar, le
mesme disordines como omne altere parte

de ille systema. . )
Es presentate un revista del litteratura

Coccygodynia non es un diagnose sed un
symptoma. Ab le puncto de vista diagnostic,
dolores coccyge debe esser evalutate secundo
le mesme principios como lestones ¢ morbos
de non importa qual altere parte del systema



Summario in Inferlingua

relative al coccyx dolorosc a partir de 1588
usque al tempore presente. Es describite
brevemente le anatomia del coccyx, su liga~
mentos, articulationes, ¢ musculos, Le ctio-
logia del varic affectiones del coccyx ¢ su
articulationes es discutite, Le tableau clinic
correspondente a1 varie problemas del coc-
cyx ¢s presentate, incluse lc constatationes
gerographic ¢ le diag differential.

Le tractamento de varic typos de dolores
del coceyx es reportate ¢ discutite, incluse fe

tractamento del typo usual incontrate in
jectos sedentari in le absentia de tra
specific, del typo incontrate post parto, «
fracturas ¢ dislocationes, Varie forma:
injection Jocal, radiotherapia, ¢ therapia |
tural ¢ physic cs cvalutate.

Coccygectomia esseva proponite in 1
¢ primo effectuate in iste pais per Not
1844, Le indicationes pro coceygectomi
discutite. Le technica, le cura post-op
tori, ¢ le resultatos es reportate.
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An Operation for the Correction of
Metatarsus Primus Varus

Applicable to Both Children and Adults

GUILLERMO PARRA, M.D,,* AND DUNCAN C. MCKEEVER, M.D.}

Adventure on, for from the littlest clue
H[U come whatever worth man ever knew;
The next to lighten all men may be you.}

Many surgical procedures have been de-
vised for the correction of metatarsus primus
varus and so-called splay foot. Those in-
volving the bone have a long convalescence,
and most of them are not applicable to small
children, who may have this condition to
such a degree that hallux valgus with exos-
tosis occurs at a very early age or is certain
to develop later in life Sling procedures are
passive in nature, and the correction may
not be permanent,

The procedure reported here was first de-
vised for and used on children. As the tech-
nic became more standardized, it was used
for young adults and certain selected older
adults. It does mot replace or supersede
arthrodesis of the first metatarsophalangeal
joint, which continues to be used as the
operation of choice in hallux rigidus and in
those cases of metatarsus primus varus hav-
ing marked hallux valgus deformity with
large exostoses and subluxation, To date, it

* Mexco City

t Houston, Tex

$ Masefield. Poems, “The Endmng,” New York,
Macmillan, 1935 (copyright Barbara Zucher).
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has been used more often in those children
having severe metatarsus primus varus de-
formity and in those adults who have flexible
feet without actual metatarsophalangeal sub-
Iuxation.

Basically, the procedure is a modification
of the McBride techmic of transfer of the
conjoined tendon; however, the McBride
operation decreases the mechanical advan-
tage and functional strength of the active
muscles by bringing the origin and the inser-
tion closer together. This operative proce-
dure increases the mechanical advantage of
the muscle by further separating its origin
and insertion and converting the action into
a more direct force for correction of the
metatarsus primus varus,

The “littlest clue™ from which this pro-
cedure was developed was given one of the
authors by the other in the form of a skeletal
foot with some rubber bands pulled across
between the origm of the oblique and the
transverse heads of the adductor hallucis a.nd
a new point of insertion on the mcdi.:ll side
of the head of the first metatarsal (Fig, 1)-
The i d h 1 ad ge result-
g from more dircct action and lhg greater
range of potential movement were immedi-
ately apparent.

To date, the auth ¢
operative procedure on 40 cases with ¢

ors have carried out this
or-
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Fic. 1. “The littlest clue.”

rection of the deformity and without com-
plication. The technic now is fairly well
standardized, and no change has been made
recently.

THE TECHNIC

A 1%- to 2-inch linear incision is made
from a point near the base of the proximal
phalanx proximally along the superior lateral
border of the shaft of the first metatarsal.
Through this incision the adductor hallucis
tendon is isolated and tenotomized at its
insertion. It is separated from the lateral
sesamoid, which usually 1s removed in adults
and Jeft intact i chuldren. The tendon is
separated from all surrounding structures
back to the point at which the muscle body
becomes visible (Fig. 2).

A second incision is made on the medial
side of the foot toward the plantar surface.
The skin 15 reflected. The bursa over the
bunion is removed, the penosteum being in-

A N :
FiG. 2. Tendon separated from sesamoid
and insertion.

F1G. 3. Showing the altered mechan-
ics of muscle action after removal of
exostosis and transplant of tendon.

cised immediately above the level of the
middle of the medial surface of the first
metatarsal head. The periosteum is reflected,
and the exostosis is removed with a motor
saw. The small opposing exostosis, usually
Ppresent on the base of the proximal phalanx,

J—
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Fio. 4 Tilustrating tendon passed under
the neck of the metatarsal, ready for inser-

tion.
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F16. 5. Adult before operation (left)
and after operation (right).
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is also removed (Fig. 3). An extrapenos-
teal opening Y2 to % inch in width is made
beneath the neck of the metatarsal. The
tendon is drawn through this channel and
dorsally across the cancellous surface of the
metatarsal head (Fig. 4). It is attached with
interrupted stainless-stcel sutures under the

Fi6. 6. A 12-year-old boy before opera-
tion (/eft) and after operation (right).

edge of the capsule and periosteum of the
head of the metatarsal ncar the extensor
hallucis longus tendon. The capsle is closed
over it. Both incisions then are closed, and
a pressure dressing is applied.

Tension on the pressure dressing is re-
leased later the same day, and the following
day a smaller dressing is applied. Within
48 hours, a single strip of gauze is applicd
over each incision and 4 or § turns of 2-inch
adhesive passed round the forefoot. The
patient then is ready for full weight-bearing
in a cutout shoe. The sutures are removed
in 2 weeks, and the patient is able to be
more or less normally active, The 4 or 5
layers of 2-inch adhesive round the fore-
foot are continued for 5 weeks.

The authors consider that this procedure
is sufficiently satisfactory to warrant its use
for the correction of splay foot and metatar-
sus primus varus in children. It is also ap-
phicable to most cases of hallux valgus in
adults (Fig. 5). A boy, aged 12, who under-
went operation is shown in Figure 6.

Un Operation pro Corriger Vare Metatarso Prime,
Applicabile a Patientes Pediatric ¢ Adulte

Summario m Interlingua

11 existe numerose technicas chirurgic pro
le correction de vare metatarso prime e pede
plan in juvenes e adultos, Plures require
longe periodos de reconvalescentia; alteres

non es permanente. Le technica descri!?i(’e
1n le presente articulo esseva elaborate origi-
nalmente pro juvenes. Al initio, illo esseva
usate in casos juvenil solmente, sed gradual-



Summario in Interlingua 165

mente illo esseva applicate a juvene adultos
¢ a scligite patientes dc ctates plus avantiate.
Hodie illo es le operation de clection in
casos de halluce valge con vare metatarso
prime, proviste que le articulation metatar-
so phalangee es ancora intacte,

In su principio le technica ¢s un modifica-
tion de illo de McBride. In illo, Je transplan-
tation del tendine conjuncte cs manipulate
de maniera a augmentar le fortia functional ¢
le avantages mechanic del musculos in trans-
position. Figura 1 demonstra Ic avantage
mechanic que resulta ab le action plus di-
recte e le plus grande libertate del movi-
mentos potential del musculo.

Le operation ha essite effectuate in plus
que 40 casos, con le resultato de un correc-
tion del deformitate ¢ sin Ie occurrentia de
complicationes. Le technica es le sequente:

Un incision de inter 1% e 2 pollices de
longor es facite dorsalmente inter le prime
e le secunde metatarsal. Via iste incision le
tendine del adductor hallucal es isolate e
tenotomisate al sito de su insertion. Iilo es
separate ab le sesamoide le qual es usual-
mente ablationate. Le tendine es separate
ab omne le structuras circumjacente usque
a un puncto ubi le corpore del musculo de-
veni visibile (figura 2).

Via un incision al latere medial del pede,
le bursa ¢ le exostose es removite, ¢ simile-

mente e cxostosc opposite—si illo existe—
es removite ab le base del phalange proximal
(figura 3).

Un tunnel extraperiostee es facite sub le
cervice del metatarsal. Le tendine conjuncte
cs tirate a transverso le tunnel, super le area
nude del osso ubi le exostose esseva excidite.,
Le tendine es suturate firmemente a in le
capsula proxime al vaina del tendine del
longe extensor hallucal. Le incision es clau-
dite e un bandage de pression es applicate.

Plus tarde le mesme die, Ie tension del
bandage es relaxate. Intra 48 horas un leve
bandage de gaza e 4 o 5 circumvolutiones
de banda adhesive de un largor de 2 pollices
es applicate al parte anterior del pede. Alora
le patiente es preste a supportar su peso.
Le suturas es eliminate in 2 septimanas.

Le circuitos de banda adhesive al parte
anterior del pede es mantenite durante 5
septimanas,

Como jam indicate, le operation ha essite
effectuate in plus que 40 casos, con correc-
tion del deformitate e nulle complicationes.
Tllo es considerate como satis promittente
pro justificar su uso in le correction de pede
plan, vare metatarso prime in juvenes e
etiam 1 le correction del majoritate del
casos de halluce valge in adultos.

Figuras 5A ¢ B ¢ 6A ¢ B es illustrationes
pre-operatori e post-operatori.
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Functional and Cosmetic Correction
of Metatarsus Latus (Splay Foot)

JoserH Epmunp Brown, MLD.*

The woman of today is a victim of fash-
ion, and particularly so as regards the foot.
No harm comes from the unnatural com-
pression or shifting of soft tissue to meet the
demands of a Dior creation, but the bony
foot rebels when it is jammed into a con-
tainer—loosely referred to as footwear—
much too small to accommodate 1t (Fig. 1).

The rtebellion of the foot to abnormal
pressure manifests itself in bunion forma-
tion, the accentuation or the development of
the true hallux valgus deformity, corns on
the dorsal surface of the lesser toes, plantar
calluses, bunionettes, intradigital neuromata
and metatarsalgia.

The orthopaedist dealing with any of the
above painful subjective and objective mani-
festations of abnormal compression and
pressure areas readiy recogmzes a simple
solution; i.e., make the shoe fit the foot.
However, such simple but sound advice goes
unheeded because of the dictates of style;
hence the foot suffers

A comely woman with a metatarsus latus
or splay foot is usually an uncompromising
and unhappy combination. Painful feet ren-
der the combination alt the more complex
Unquestionably, palliative measures directed
toward the reitef of the pressure phenomena
do give the abnormally compressed foot tem-
porary relief Excision of proliferative bone

* Department of Orthopaedic Surgery, Saint
Luke's Hospital, Cleveland, Ohio,
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formation or the removal of adventitial bursa
or neuromata may eliminate temporarily the
presenting complaint of pain or discomfort
but offers no true solution of the basic cavse
of these pressure phenomena.

A number of years ago, when confronted
with an uncompromising matron with splay
feet who had not obtained relief of symp-
toms following previous excision of intra-
digital neuromata and exostoses of the proxi-
mal phalanges, it occurred to the author that
the only logical approach was to redu'ce ‘thc
width of the forefoot. The rationalization
of the proposed surgery was explained to
the patient. In the spring of 1948 an opera-
tion was performed, the fifth toes along with
the distal two thirds of the adjacent meta-
tarsal shafts being removed. This woman
was proud of her natrow feet. Unfortu-
nately, she was lost to foliow-up study, and
her roentgenograms are no longef ava.xlablg,
so that her particular case is included in this
report only for historical background,

THE OPERATION

An wcision on the dorsum of the foot
begins at the web space between tf‘le fourth
and the fifth toes, and extends proximally to
the prominence of the proximal end gf the
fifth metatarsal. A second inctsion begins in
the web space and extends along the plam}a‘\r
aspect of the foot, crossing directly over the
head of the fifth metatarsal and then curving
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gently and obliquely toward the proximal
end of the first incision (Fig. 2, fop). The
island of skin is made narrow intentionally
to allow for thc necessary revamping for
approximation in the final wound closure.

The ligaments between the metatarsal
heads are cut. The intradigital nerves are
inspected. If a neuroma is present, it is re-
moved. The long extensor and flexor ten-
dons are severed. The interosscous struc-
tures arc divided in the mid-line to preserve
a soft-tissue padding for the lateral aspect
of the foot. The tendinous insertions of the
peroneus tertius and brevis arc reflected
from the proximal end of the fifth metatar-
sal, and the bone is shelled out and disarticu-
lated from the adjacent fourth mectatarsal
and the cuboid. The inscrtions are sutured
to the remaining capsule and adjacent soft
(surrounding) tissue.

The muscle and the fascial planes are
approximated, and any abnormal bulge is
excised. Skin hooks placed in the plantar
flap reflect the excess over the dorsal skin
edge. This surplus then is removed, result-
ing in a straight incisional line distinctly on
the dorsum of the foot (Fig. 2, bottom).

A compression dressing is applied, and
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Fie. 1.
woman’s foot bearing weight in and out
of a conventional “pump” shoe. The na-
tural width of the forefoot is compressed
% inch to conform to the shoe.

Roentgenogram of a young

the same procedure is performed on the op-
posite foot. Ambulation is allowed accord-
ing to the patient’s tolerance.

CASE REPORTS

Case 1. In May, 1954, a 24-year-old female
with & ~—1~- Tedeer T e
seen.

[

FiG. 2. (Top) The in-
cision employed (Bot-
tom) The 1ncisional
wound of the narrowed
foot is on the dorsal
aspect and not subject to
pressure,

developed corns on the dorsum of the lesser
toes as well as a soft corn in the web space be-
tween the fourth and the fifth toes. Arthrodesis,
excusion of the corns, removal of bone spurs and
amputation of the fifth toes had been recom-
mended and refused. She had, she thought,
exhausted all conservative measures and ap-
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Fi6 3. Roentgenograms of feet bearing
weight 4 years after operation.

proaches and had literally a closer full of shoes.
The thought of a narrow foot appealed to the
patient.

On August 14, 1954, the fifth toes and most
of the adjacent metatarsal shafts were excised.
When this patient was last seen—November 19,

1958 (Figs. 3 & 4)—she reported that she did
not have any pressure areas and was pleased to
think that she was able to conform to fashion
trends without foot discomfort. Her shoe size
had been reduced from 9B to 9AAA

Case 2. On January 8, 1958, a 42-year-old
registered nurse was scen with painful feet that
had reached the point of almost incapacitating
her. She had had endless chiropody treatment,
and it had been recommended that she have
intradigital neuromata excised from the web
space between the fourth and the fifth toes.

Clinical evaluation revealed a typical splay
foot (Fig. 5). The patient had a tendency to-
ward 2 hallux valgus formation with areas of
pressure evident in the region of both prominent
first metatarsal heads. There were also bunion-
ette formations on both fifth toes, and there was
distinct tenderness in the web between the
fourth and the fifth toes of both feet. This
woman, married to an executive, had definite
social obligations, and she admitted frankly that
she was not ready to compromise in regard to
her footwear.

It was explained to this patient that, in all
probability, the multiple mechanical features
involved would not respond to anything short
of narrowing down the forefoat.

On January 21, 1958, both fifth rays of the
£ ey mmw mmd TLaaotan o et o
for her housework, and even then did not have
foot comfort. Since surgery she has not made

Fio. 4. Weight-
beartng photographs
4 years after opera-
tion. Note the bulges
in the region of the
proximal ends of the
metatarsals.
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Fia. 7. Weight-bearing photographs
10 months after operation.

any complaints referable to the great toe, and
she has not had any other signs of a compres-

sion-pressure phenomenon (Fig, 7) even when
weanng high heels.

SUMMARY

A method of dealing with a metatarsus
latus or splay foot in an uncompromising
patient is reported. It consists of narrowing
down the width of the forefoot by excision
of the fifth ray. In earlier cases, the proxi-
mal end of the fifth metatarsal was not re-
moved, In subsequent cases, the entire fifth
metatarsal shaft was excised, resulting in 2
better cosmetic appearance (compare Figs.
4-7).

The surgical correction is, indeed, cos-
metic in one respect but functional in an-
other, insofar as it does eliminate pressure
phenomena and allows the patient to be
stylish, yet comfortable.

The operative procedure has been per-
formed in 4 carefully selected cases. It is
not intended that this procedure become as
popular as rhinoplasty, in spite of the fact
that, in all probability, the indications
equally justify it. The results have been suffi-
ciently gratifying to warrant this report.

Correction Functional e Cosmetic de Metatarso Late

Summario in Interlingua

Un femina que obedi al dictatos del moda
in su calceatura es un candidata pro le se-
quente phenomenos de pression anormal si
illa ha pedes plan, a saper, formation de
tuberes verrucose, accentuation o disvelop-
pamento de ver halluce valge, callositates,
callos plantar, verrucositates minor, neuro-
mas intradigital, ¢ metatarsalgia.

Mesuras palbiative es certo capace a alle-
viar tal phenomenos temporarimente, sed si
le uso de anormalmente micre calceos es
continuate, etilam Je pression e su effectos va
continuar a varie grados ¢ in varie combi-
nationes.

In 1948 le idea occurreva al autor del pre-
sente articulo que in le caso del femina qui
non es preste a acceptar ulle compromisso
Ie sol solution logic consisterea in reducer Ie

largor del parte anterior del pede. Pro attin-
ger iste objectivo, il esseva proponite remo-
ver le quinte digito pedal e le adjacente 0550
metatarsal.

Le technica chirurgic es illustrate in le
acec diagr: Le morb.idi-
tate que resulta del intervention es practica-
mente nulle. Le resultatos functional e c0s-
metic es extrememente gratificante.

In quatro cautemente scligite casos de
metatarso late o de pede plan, c(ClSion'del
quinte radio esseva effectuate sin comphf:n—
tion adverse, con le resultato del elimination
de dolorose phenomenos de pn:ssion. causate
per le compression anormal del sm(fte cal-
ceos de moda que es infligite al feminas de
nostre dies e que illas accepta.
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Parosteal OSECOgGHiC Sarcoma

Treatment by Block Resection

EvererT J. GorDON, M.D.*

Malignant bone tumors arc encountered
infrequently in private practice. The prog-
nosis usually is grave, despite such heroic
surgical measures as amputation, disarticu-
lation or hindquarter amputation, which
generally are rece ded in malignant
bone tumors. This report concerns a rare
type of bone tumor of relatively low malig-
nancy in which conservative surgery has
yielded an excellent result. It demonstrates
that a well-planned block resection of a
limited tumor can produce a much more
satisfactory result than an amputation, with
its profound social and cconomic implica-
tions.

Parosteal osteogenic sarcoma was first de-
scribed as a distinct clinical entity by Ge-
schickter and Copeland® in 1951, when they
acquainted the Southern Surgical Associa-
tion with 16 cases. They described the neo-
plasm as parosteal osteoma with a histo-
logic picture resembling myositis ossificans,
but with more intimate relationship to bone
and of a graver prognosis. They originally
described the tumor as occurring in both
benign and malignant forms, the latter pre-
dominating, and occurring usually in an
adult of 20 to 40 years of age. The tumor
was believed to originate in extra-osseous
connective tissues, possibly derived from
temnants of the primitive limb bud. Previ-

—_—

* Washington, D.C.

7

ously others had described this type of tumor
as an atypical myositis ossificans, but Ge-
schickter and Copeland clearly demonstrated
distinct differences between the two entities
in roentgenographic, gross and microscopic
appearance. The juxtacortical position, pro-
pensity for occurrence in the lower third of
the femur and the upper portion of the
humerus, and the tendency to Iocal recur-
rence with possible distant metastases after
simple resection were all stressed as charac-
teristic of this particular tumor. Of 13 cases,
7 recurred after local excision, of which 4
died of pulmonary metastases. It was their
recommendation that cases that were posi-
tively identified histologically should be
treated by amputation.

In 1953, Dwinnell? reviewed 2,000 pri-
mary bone tumors at the Mayo Clinic, in-
cluding 400 cases of osteogenic sarcoma,
and found 15 instances of juxtacortical os-
teogenic sarcoma: 10 were in the distal
femur, 3 1n the humerus and 2 in the tibia,
with an age distribution of 10 to 39, mostly
in the fourth decade, and no sex differences.
This indicates an incidence of 0.8 per cent
of all bone tumors and less than 4 per cent
of all osteogenic sarcoma. The most fre-
quent presenting symptom was a mass, pres-
ent for one or more years, usually without
pain, but occasionally with mild pain of short
duration, with occasional loss of motion in
an adjacent joint due to the mechanical jn-
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terference of the protruding mass. In no
instances were there evidences of fever, ane-
mia, weight loss or leukocytosis.

The various names given this particular
tumor—aperiosteal osteogenic sarcoma, par-
osteal osteoma, juxtacortical osteogenic sar-
coma and parosteal osteogenic sarcoma—
apply to an ossifying type of lesion with a
broad base occurring on the surface of long
bones without penetration into the medul-
lary cavity. The roentgenologist may con-
fuse this tumor with an atypical osteochon-
droma, desptte the fairly typical appearance
of an ossifying lobulated mass, juxtacortical,
attached to the metaphyseal area or the ad-
Joining epiphyseal region, containing scat-
tered areas of lesser density throughout the
bony mass, representing cartilage, trapped
fascia and muscle. The tumor mass usually
grows along the shaft or circumferentially,
without mvading the medullary cavity pri-
marily. The underlying cortex is irregular
and thickened but shows little reaction of
destruction. Later, after one or more unsuc-
cessful attempts at local excision, the tumor
may undergo frank sarcomatous changes and
show sclerosis, osteolysis and destruction of
the cortex and the medullary cavity. Patho-
logic fractures are uncommon, as the tumor
is densely ossified.

Grossly, the growth has an irregular lobu-
lated surface with absence of a cartilaginous
cap as found with an osteochondroma; it
consists of bony tissue, plus softer areas of
infiltration by cartilaginous and fibrous tis-
sue, all encapsulated in an adherent fibrous
tissue sheath It is a tumor arising from
periostenm and retaining its bone-forming
tendencies: the cut section shows the mixed
appearance caused by bone, fibrous tissue
and cartilage, with bone predominating. In
a primary tumor, no necrotic areas are
found, but with recurrent tumors of higher
malignancy such areas may be noted.

Microscopically, a typical section will
show nonmalignant bone spicules with inter~
stices filled with atypical spindle or poly-
hedral cells, occasional or numerous mitotic

figures, no fat cells, but variable amounts of
new osteoid distributed among the prolifera-
tive spindle cells and occasional calcification
in the larger zones. Also noted are cartilagi-
nous islands reflecting various degrees of
malignant changes in their peripheral cells,
which blend with the interlacing screens of
spindle cells. Occasional benign giant cells
and areas of chondrosarcoma are also noted
frequently. In recurrent tumors, advanced
malignant features are found more fre-
quently. Almost all cases are of low malig-
nancy, usually of Grade 1 of Broder’s classi-
fication.

The diagnosis of a juxtacortical lesion is
not always clear, and other Iesions besides
parosteal osteogenic sarcoma should be con-
sidered in diagnosis. Osteogenic sarcomas
may present some resemblance initially, but
usually they have medullary involvement,
accompanied by pain, osteolysis of the cor-
tex, and a periosteal sun-ray reaction by
x-ray. Exostoses and osteochondromas are
confused frequently with juxtacortical osteo-
genic sarcoma, as occurred in the case now
being presented, but these lesions have or-
derly trabecular patterns within the tumor
and no scattered radiolucent areas, as no
fascia or muscle is included in their masses.
Small tumors in tendon sheaths or ligaments,
known as sesamoidomas, can usually be dif-
ferentiated by their location and size. Paros-
teal osteogenic sarcoma has long been con-
fused with heteropic ossification or myositis
ossificans However, the latter lesions al-
ways have a history of trauma and demon-
strate laminated ossification parallel to the
shaft with a definite noninvolved arca sepa-
rating it from the underlying bone, demon-
strating its Iack of continuity with the bony
cortex They also lack the new osteoid found
1n juxtacortical osteogenic sarcoma. The re-
cently organized callus found after fractures
can be confused with these tumors, but the
history is diagnostic. Periosteal chondromas
and chondrosarcoma lack the prominent
bony and fibrous components of juxtacorti-
cal osteogenic sarcoma,
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An important diagnostic point in recogni-
tion of recurrent tumors after local excision
is the tendency of this particular type of
bone tumor to recur in the image of its
primary tumor, often closely simulating its
original appearance.

TREATMENT

Parosteal osteogenic sarcoma is recog-
nized as the most curable of all malignant
bone tumors, although frequently the diag-
nosis is misscd. The form of treatment rec-
ommended most generally is amputation.
Stevens,® who continued the review of Mayo
Clinic cases, finding a total of 19 cases be-
tween 1905 and 1955, recommended ampu-
tation but noted that local extirpation could
occasionally be performed. He warned
against seeding of the tumor by biopsy, and
advised rocntgenographic examination be-
fore closing the wound after local resection.
To ensure complete extirpation of the tumor,
especially with circumferential involvement
of the shaft, where a small remnant of tissue
could easily be overlooked. All authors
strongly emphasize the dangers of inade-
quate femoval of this tumor, noting the
strong tendency to local recurrence in a
more malignant form with subsequent pul-
monary metastases. Almost all the reported
deaths occurred from pulmonary metastases
in recurrent tumors. Dwinnell,»* Geschick-
ter and Copeland,? and Sammons* all rec-
ommend amputation once a histologic diag-
nosis of juxtacortical osteogenic sarcoma is
made. In Dwinnell’s series, 9 of 10 cases
treated by local excision had recurrences,
and, of these 9, 4 subsequently died of
metastases,

Although amputation is undoubtedly the
safest treatment, it would seem that certain
c.arefully selected cases can be treated ini-
tially by less radical surgery, inasmuch as
this tumor has a well-established low degree
of malignancy, Inlocalized tumors, in which
sufficient uninvolved bone exists to permit
adequate block resection with a periphery of
mormal bone in the resected tumor block, a

Fic. 1. August, 1955, preoperative
roentgenogram. Cortical mass, metaphy-
sis, lower femur, no medullary involve-
ment.

good result can often thus be achieved.
However, it is stressed that in the majority
of cases, amputation is mandatory and life-
saving, and great care should be exercised in
selecting cases for more conservative sur-
gery. The advantages accruing to the fortu-
nate patient who can be treated by block
resection are quite obvious and may mate-
rially affect his whole social and economic
life.
CASE REPORT

A 16-year-old white female was first seen on
August 22, 1955, referred for consideration of
amputation for a bone tumor. She had noted
swelling on the anterior surface of her left lower
thigh for the past year but with severe pain of

April, 1955.

Examination revealed a firm swelling of the
left lower thigh rmmediately above the patella,
with considerable soft-tissue swelling and ten-
derness about a firm bony mass. The left knee
measured 1 inch greater in circumference than
the right at the suprapatellar level, The patient
had full knee flexion to 25° but lacked 5° of full
extension of the left knee. There was mild
atrophy of the left thigh, measuring ¥4 inch less
in circumference than the right at the mid-point.
The knee ligaments were intact, and there was
normal motion in the left hip and ankle. Labora-~
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terference of the protruding mass. In no
instances were there evidences of fever, ane-
mia, weight loss or leukocytosis.

The various names given this particular
tumor—periosteal osteogenic sarcoma, par-
osteal osteoma, juxtacortical osteogenic sar-
coma and parosteal osteogenic sarcoma—
apply to an ossifying type of lesion with a
broad base occurring on the surface of long
bones without penctration into the medul-
lary cavity. The roentgenologist may con~
fuse this tumor with an atypical osteochon-
droma, despite the fairly typical appearance
of an ossifying lobulated mass, juxtacortical,
attached to the metaphyseal area or the ad-
joining epiphyseal region, containing scat-
tered areas of lesser density throughout the
bony mass, representing cartilage, trapped
fascia and muscle. The tumor mass usually
grows along the shaft or circumferentially,
without invading the medullary cavity pri-
marily. The underlying cortex is irregular
and thickened but shows little reaction of
destruction. Later, after one or more unsuc-
cessful attempts at Jocal excision, the tumor
may undergo frank sarcomatous changes and
show sclerosis, osteolysis and destruction of
the cortex and the medullary cavity. Patho-
logic fractures are uncommon, as the tumor
15 densely ossified,

Grossly, the growth has an irregular lobu-
lated surface with absence of a cartilaginous
cap as found with an osteochondroma; it
cansists of bony tissue, plus softer areas of
infiltration by cartilaginous and fibrous tis-
sue, all encapsulated i1 an adherent fibrous
tissue sheath. It is a tumor arising from
periosteum and retaining its bone-forming
tendencies: the cut section shows the mixed
appearance caused by bone, fibrous tissue
and cartilage, with bone predomnating, In
a primary tumor, no necrotic areas are
found, but with recurrent tumars of higher
malignancy such areas may be noted.

Microscopically, a typical section will
show nonmalignant bone spicules with inter-
stices filled with atyprcal spindle or poly-
hedral cells, occastonal or numerous mitotic

figures, no fat cells, but variable amounts of
new osteoid distributed among the prolifera-
tive spindle cells and occasional calcification
in the larger zones. Also noted are cartilagi-
nous islands reflecting various degrees of
malignant changes in their peripheral cells,
which blend with the interlacing screens of
spindle cells, Occasional benign giant cells
and areas of chondrosarcoma are also noted
frequently. In recurrent tumors, advanced
malignant features are found more fre-
quently. Almost all cases are of low malig-
nancy, usually of Grade 1 of Broder's classi-
fication.

The diagnosis of a juxtacortical lesion is
not always clear, and other Jesions besides
parosteal osteogenic sarcoma should be con-
sidered in diagnosis, Osteogenic sarcomas
may present some resemblance initially, but
usually they have medullary involvement,
accompanied by pain, osteolysis of the cor-
tex, and a periosteal sun-ray reaction by
x-ray. Exostoses and osteochondromas are
confused frequently with juxtacortical ostco-
genic sarcoma, as occurred in the case now
being presented, but these lesions have or-
derly trabecular patterns within the tumor
and no scattered radiolucent areas, as no
fascia or muscle is included in their masses.
Small tumors in tendon sheaths or ligaments,
known as sesamoidomas, can usually be dif-
ferentiated by their location and size. Paros-
teal osteogenic sarcoma has long been con-
fused with heteropic ossification or myositts
ossificans. However, the latter lesions al-
ways have a history of trauma and demon-
strate laminated ossification parallel to the
shaft with a definite noninvolved area sepa-
rating it from the underlying bone, demon-
strating its lack of continuity with the bony
cortex. They also lack the new osteoid found
in juxtacortical osteogenic sarcoma. The re-
cently organized callus found after fractures
can be confused with these tumors, but the
history is diagnostic. Periosteal chondn'amas
and chondrosarcoma lack the prominent
bony and fibrous components of juxtacorti-
cal osteogenic sarcoma.
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An important diagnostic point in recogni-
tion of recurrent tumors after local excision
is the tendency of this particular type of
bone tumor to fecur in the image of its
primary tumor, often closely simulating its
original appcarance.

TREATMENT

Parostcal ostcogenic sarcoma 1s recog-
nized as the most curable of all malignant
bone tumors, although frequently the diag-
nosis is missed. The form of trcatment rec-
ommended most generally 1s amputation.
Stevens,® who continued the review of Mayo
Clinic cases, finding a total of 19 cases be-
tween 1905 and 1955, recommended ampu-
tation but noted that local extirpation could
occasionally be performed. He warned
against sceding of the tumor by biopsy, and
advised rocntgenographic examination be-
fore closing the wound after local resection.
To ensure complete extirpation of the tumor,
especially with circumferential involvement
of the shaft, where a small remnant of tissue
could easily be overlooked. All authors
strongly emphasize the dangers of inade-
quate removal of this tumor, noting the
strong tendency to local recurrence in a
more malignant form with subsequent pul-
monary metastases. Almost all the reported
deaths occurred from pulmonary metastases
In recurrent tumors. Dwinnell,»? Geschick-
ter and Copeland,® and Sammons* all rec~
ommend amputation once a histologic diag-
nosis of juxtacortical osteogenic sarcoma is
made, In Dwinnell’s series, 9 of 10 cases
treated by local excision had recurrences,
and, of these 9, 4 subsequently died of
metastases,

Although amputation 1s undoubtedly the
safest treatment, it would seem that certain
C_arefully selected cases can be treated ini-
fially by less radical surgery, inasmuch as
this tumor has a well-established low degree
of malignancy. In localized tumors, in which
sufficient uninvolved bone exists to permit
adequate block resection with a penphery of
normal bone in the resected tumor block, a

Fic 1.

August, 1955, preoperative
roentgenogram  Cortical mass, metaphy-
s1s, lower femur, no medullary involve-
ment.

good result can often thus be achieved.
However, it is stressed that in the majority
of cases, amputation is mandatory and life-
saving, and great care should be exercised in
selecting cases for more conservative sur-
gery. The advantages accruing to the fortu-
nate patient who can be treated by block
resection are quite obvious and may mate-
rially affect his whole social and economic
life.

CASE REPORT

A 16-year-old white female was first seen on
August 22, 1955, referred for consideration of
amputation for a bone tumor. She had noted
swelling on the anterior surface of her left lower
thigh for the past year but with severe pain of
oply ., tov St -
JToss ¢
tor h
April, 100,

Examination revealed a firm swelling of the
left lower thigh immediately above the patella,
with considerable soft-tissue swelling and ten-
derness about a firm bony mass The left knee
measured 1 inch greater in circumference than
the right at the suprapatellar level. The patient
had full knee flesion to 25° but lacked 5° of full
extension of the left knee. There was mild
atrophy of the left thigh, measuring % inch Iess
in circumference than the right at the mid-poiat.
The knee ligaments were intact, and there was
normal motion in the left hip and ankle. Labora-



Fi6. 2. Gross speci-
men, 6 inches long,
showing rrregular
lobulated surface
with scattered areas
of decreased density.
Normal cancellous
bone immediately
above rule.

Fi6. 3. (Top) Photo-
micrograph (X30,
hematoxylin and
eostn stain) showing
parosteal osteogenic
sarcoma; pseudopo-
dial pattern of matur-
ing chondrocytes and
young osteocytes.
(Bottom) Photo-
micrograph (X30,
hematoxylin and
eosin stain) showing
tumor breaking
through cortex with
resultant periostitis.
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FiG, 5. August 24, 1956, 1 year after
operation. Excellent consolidation of bone
grafts. No evidence of recurrence.

FiG. 4. D ber 14, 1953, postopera-

tive roentgenogram. Notc bony defect,
partially filled with two cortical bone
grafts extending into femoral condyles.
Knee joint intact.

tory data revealed no significant abnormal
chz{nges in the urine or the blood count. Sero-
logic test for syphilis was negative; the girl had
an 89.3 per cent hemoglobin.
. Roentgenologic studies of the left knee (Fig.
l) reported a bony mass, the size of a small
ehgnon, on the anterior aspect of the left femur,
: ghtly m-f,gular and jagged, with raised perios-
eum, not involving the knee joint, diagnosed as
2 probable benign tumor, possibly an aberrant
type of osteochondroma.
!m?II}AUgu_st 26, 1955, at the George Washing-
- niversity Hospital, a block resection of the
Ny hor mass of the left lower femur, plus a pe-
url:deem zone of normal bone, was performed
lenderd poeumatic tourniquet, The mass ex-
Py ?own to the supracondylar spongy bone
Xec“:n emur. Complete removal nvolved re-
T of the anterior two thirds of the cortex,
intaetg ADnly the posterior third of the femur
remo\.'ed thick fibrous cap of the tumor was also
grafts (Fig. 2). Two large cortical bone
were inserted in the defect created and

ppl d by bone burger, ground cancel-
lous rib bone, generously donated by the tissue
bank of the National Naval Medical Center,
Bethesda, Md A long-leg cast immobilized the
leg from the groin to the toes. The postoperative
course was uneventful, and the patient was dis-
charged from the hospital 1 week after surgery
—September 2, 1955.

The local pathologust diagnosed the tumor as
ossifying ecchondrosis, but a pross section, for-
warded to the Armed Forces Institute of Pathol-
ogy, was reported by Dr. Lent C. Iohnson as
follows:

“Very typical, well-developed parosteal sar-
coma with adequate removal, with good margin
and normal bone in all directtons, together with
almost entire cavity underlying it.

“The diagnosis of sarcoma is based upon two
aspects: first, that the pattern of varied types of
skeletal tissue within the mass is in a rather
chaotic arrangement; and second, that the most
actively growing cells are on the surface with
small nodules budding off therefrom like pseudo-
pods extending out from the main mass of the
tumor. Cytologically, these surface cells have
the characteristics of any malignant tumor de-
spite the fact that the rest of the tumor quiets
down and differentiates enough to make cer-
tainty of malignancy difficult, ‘The whole bone
sections make it very clear that the tumor has
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FiG. 6. June 5, 1959. Solid bony union
with mild residual bony defect anteriorly.
No recurrence. Remolding of bone archi-
tecture noted,

arisen on the surface of the bone and is just
beginning to break through the cortex after
having reached a considerable size on the sur-
face.” (Figs. 3 & 4.)

Two months after surgery—on October 24,
1955—the cast was removed, the wound was
well healed, and roentgenograms showed the
grafts integrating with early callus formation.
Cautious physical therapy was begun to restore
knee motion, and the patient was allowed to be
on crutches without weight-bearing. On No-
vember 9, 1955, partial weight-bearing with
crutches and an ischral caliper brace was begun;
more intensive physical therapy was instituted
with whirlpool baths, Delorme passive resistive
exercises, and bicycle exercises to regain knee
motion and quadriceps strength. There was
considerable weakness in the quadriceps, but
this gradually improved, together with the range
of knee motion Crutches were discarded on
December 14, 1955, 4 months after operation,
at which time roentgenograms (Fig. 5) showed
the bone grafts well integrated and intact with
definite callus formation present at the ends of
the grafts At this ume, the patient had a range
of motion 1 the left knee of 62° to 170° with
difficulty in full extenston, due to atrophy and
adherence of the vastus intermedius muscle to
the underlying bone at the resected area.

On February 29, 1956, 6 months postopera-
tively, motion of the left knee was from 50° to
170° compared with 35° to 175° on the right
At this time firm bony union of the cortical strtit
grafts was noted by roentgenogram, and the

ischial caliper brace was discarded One year
postoperatively—August 27, 1956—the range
of knee motion was from 50° to 177°, adequate
for excellent function, and the girl was walking
without a limp or instability and had no quadri-
ceps weakness. There was no lymph-node en-
largement, and roentgenograms showed the
grafts well consolidated with firm union (Fig. 6)

On May 26, 1957, 21 months after surgery,
the patient had a range of motion of 35° to
180°, equal to that in the right knee, with good
stabulity, no crepitus, no atrophy and a normal
gait. On June 5, 1959, 4 years postoperatively,
she was walking without a limp, with no com-
plaints, good quadriceps strength, no local
masses, no tenderness, no swelling. There was
no evidence of any metastases or local re-
currences, either clinically or by roentgeno-
gram (Fig. 7).

The patient was married, had a normal preg-
nancy and delivery, and was living an unbandi-
capped, happy life.

COMMENT

It is believed that the term parosteal os-
teogenic sarcoma is a more descriptive one
for a definitely malignant lesion than the
original term of parosteal osteorna, applied
by Geschickter and Copeland. The presence
of a firm bony mass, near a joint, of many
years’ duration with little or no symptoma-
tology does not necessarily imply a benign
osteochondroma or exostosis, as commonly
misdiagnosed. Although relatively rare, such
a bony mass may represent the malignant
type of lesion under discussion. If diagnosed
sufficiently eatly, before extensive malignant
changes have occurred, successful well-
planned block resection can be performed.
It is not uncommon for such a lesion to go
undiagnosed for one or more years, but
block resection may still be possible if the
tumor is of limited size without circumfer-
ential growth. If the tumor has a circum-
ferential position, amputation usually is the
only choice. Certainly, in all cases of local
recurrence, immediate amputation should be
performed.

SUMMARY AND CONCLUSIONS

1. Parosteal osteogenic sarcoma is a rela-
tively rare bone neoplasm of low-grade ma-
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lignancy, with characteristic  roentgeno-
graphic and clinfcal findings sullicient f{or
diferential diagnosis from other types of
bone tumors. However, a definitive diagno-
sis must rest upon histologic examination.

2 It is this author's opinion that small
patosteal lesions should be treated by block
resection nstead of biopsy, as biopsy may
lead to seeding of the tumor, and, besides,
2 definite diagnosis cannot be made by
frozen sections at the time of surgery. Later,
if parosteal osteogenic sarcomia is diagnosed
histologically, no further surgery will be
required in many cases, depending on the
extent of malignant cytologic changes and
thoroughness of tumor removal, Roentgeno-
graphic check on the opetating table for
complete extirpation of neoplastic tissue
may be a valuable therapeutic aid.

. 3. Amputation js the treatment of choice
Inmost instances of parosteal osteogenic sar-
toma. However, block rescetion with a gen-
crous masgin of normal bone should offer
an excellent result in carefully sclected cases
with small tomor growths of low malignancy

without circumferential involvement of the
contex,

4. Each bone ncoplasm must be treated
as o separate clinical-pathologic eatity and
an individual decision made regarding treat-
meat,

5. A case is presented in which block re-
section of a parostenl ostcogenic sarcoma
and grafting of the bony defect created pro-
duced an excellent result without evidence
of local or systemic metastascs 4 years after

surgery.
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Parostee Sarcoma Osteogene; Tractamento per Resection de Bloco

Crmismarin in Interlinoun
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defecto ossee per graffos homogenee. Le
diagnose pathologic original habeva essite
“ecchondrosis ossificante.” Subsequentemen-
te le correcte diagnose de parostee sarcoma
osteogene esseva facite per le Instituto de
Pathologia del statounitese Fortias Armate.
Isto illustra le facto que un section congelate
es sin valor in tal casos, proque mesmo un
plenmente processate specimen o un biopsia
pote esser interpretate incorrectemente per
un pathologo qui ha solmente sporadic con-
tactos con tumores de osso, con le resultato
possibile de un tractamento inadequate. Le

patiente esseva capace de ambular sin cru-
cias quatro menses post le operation. Tres
annos ¢ medie plus tarde, illa habeva le
complete function del extremitate in ques-
tion e nulle signos de metastases.

Un resection complete de bloco in loco de
biopsias es recc date in
seligite casos de micre crescentias tumoral
que non monstra un affection circumferential
del cortice. Amputation es indicate in omne
casos de recurrentia e es le tractamento de
election pro extense crescentias de parostee
sarcoma osteogene.
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The Operative Treatment
of Diaphyseal Fractures in Children

GUILLERMO DE VELASCO Y PoLo, M.D.*

Many different factors have made us de-
part from the usual conservative methods of
treatment of fractures in children. These
factors are present-day advances in the
methods of treatment of fractures, the con-
trol of infections by antibiotics, the lack of
hospital beds, and ‘socioeconomic problems
peculiar to Mexico. They have influenced
our criteria, so that now we prefer a surgi-
cal technic in a certain type of fracture that
produces results equal to, or better than,
those obtained by conservative management.

The statistics presented in table on this
Page cover operations performed from 1943
to date in the Orthopaedic Services I and 11,
and, since 1945, in the Shriners’ Service and
the Emergency Service of the Children’s
Hospital,

In the Emergency Services at the Chil-

?;fns Hospital there is no special trauma-
o 0gy service. Because of the great number

12(1)"";‘3“5 with Jocomotor disturbances, the
s are s assigned to the orthopaedic serv-
makese'tresewed for the.se patients, and this
or s ll_almos.t Impossible to obtain a bed
very fpa fent with skeletal trauma. Only on
et €W occasions do the surgery services
e ﬁnl:ls;)ueds for such patients. Therefore,
Bospta tl.‘selves confronted by the serious
Physeal Zf‘* lon problem of children with dia-
s hracgures, especially of the lower

» Who, if we wished to treat them by
* Mexico City,

181

conservative methods, would occupy our
beds for no less than 30 to 40 days. For
this reason one encounters a certain reluc-
tance on the part of the chiefs of services
to admit them. If they were to be admitted,
it would mecan that in a few months we
would tie up a large number of the already
small number of beds available for solving
their own problems; ie., the hundreds of

OPERATIONS PERFORMED FOR DIAPHYSEAL
FRACTURES IN CHILDREN FROM 1943 To
1958 (Age, 2 to 14 Years; Average
Age, 6 Years, 6 Months)

No.oF PERCENT-

Cases AGE

Femur ..... ... ..... 260
Exposed femur ..... .... 1
Forearm ... ... 134
Elbow ... ...... 59
Tibias ... . ...... -.es 5
Humerus 14

i 17
Hips (diaphysectomies) ... 64
Metatarsals ....... ... .6
Metacarpals
Phalanges

Total
Mortality .. —
Infections .......... . —
Delayed consolidations . .. 0.33
Pseudarthrosis .......... —
Pathologic cases ......... 0.63
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patients on their waiting lists. On the other
hand, if we consider the expense of treat-
ment, we can see, by means of simple multi-
plication, that 1 patient hospitalized for 30
days would cost the hospital about 2,000
pesos. For the same patient treated by surgical
means it would be no more than 100 or 200
pesos. Thus, the cost per patient is reduced
to less than a tenth, and the number of
patients cared for is multiplied by 10.

We have outlined briefly the hospital
problem. Let us now consider the social
problem. As is well known, the Children’s
Hospital is at present about the only one of
its kind in the Republic of Mexico, so that,
in spite of its being unable to meet the re-
quirements of the Federal District alone, it
has to take on all the patients who arc sent
to it from the various parts of the Republic.
Boiled down, it means that we have only 120
beds for the surgical treatment of ortho-
paedic patients 1n a nation of over 20 million
inhabitants.

The majority, if not all, of those who
enter our services are in very low socioeco-
nomic circumstances. Therefore, we have
no confidence in sending them away for
treatment at home. It would mean giving
them various traction apparatuses and plas-
ter casts that would not be used correctly,
and the majority of patients would end up
with badly consolidated fractures, limb
shortening, pseudarthrosis, etc. Ultimately
this would constitute a very serious problem,
both for the hospital and for the patient and
his family These are the factors that led us
to change our thinking regarding the treat-
ment of diaphyseal fractures. We now look
to surgery for their treatment.

Which children do we treat by this method?
When the fracture is capable of being re-
duced by closed methods—i.e., the frequent
greenstich type of fracture—and we can
undertake 1t with confidence, we do so and
discharge the patient rapidly. On the other
hand, when we know that the reduction will
be hard to mamntain—i.e., the transverse
fracture of the femur or the double fracture

at the middle third of the forearm—we de-
cide on a surgical solution. There are some
cases, like the spiral or the oblique fractures
of the tibia, with great displacement of the
fragments, which, even though they could
be treated conservatively by various methods
in the hospital, we deal with surgically, This
is done in order to discharge the patient
quickly and avoid the probable poor care
by other methods at home, Compound frac-
tures are treated according to classic meth-
ods, conservatively if the wound is infected
or if over 8 hours have elapsed since trauma.
Antibiotics and antitetanus toxin are admin-
istered, and, when all danger of infection has
passed, convenient reduction and fixation
are carried out. In some cases, with wounds
seen within 6 hours after they occurred and
having a good clinical appearance, we haz-
ard operation. Thus the problem is resolved
in a single intervention and is controlled by
antibiotics. It is to be noted that special
circumstances have led us to intervene in
compound comminuted fractures. In these
cases we have solved the problem surgically
with excellent results.

Which surgical technics do we use? In
our early days we used wire transfixion and,
in some cases, bone plates. We have since
discarded the latter, and now only the for-
mer is used, The wire we use to reinforce a
fixation or to fix small fragments over whi.ch
one has little control. Reviewing our statis-
tics, we see that the most frequent fractures
of the operative type are of the shaft of the
femur. In diaphyseal transverse fractures we
carry out Kiintscher-type intramedullary
nailing. We never carry out the cosed
method technic conceived by the author
because we believe, with Colonna, that it is
contraindicated Because of the small caliber
of the intramedullary canal and of the diﬂ'}-
culty of the method, we do not feel that 'lt
is safe to expose a child to a long anesthesia
and large-dosage roentgen-ray radiation. In-
stead, we open the fracture site and pass the
pin up through the trochanter until the distal
end of the pin is flush with the fracture. We
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reduce the fracture and bring the pin down
the distal fragment, stopping short of the
growth cartilage. We do not use laminated
or diamond-shaped pins, considering that,
aside from their high cost, they can produce
serious lesions in the medullary canal, Stein-
mann pins ensure excellent fixation: the
qualty of the steel alloy is insuperable; and
they come in different sizes to mect the in-
dwidual case. A spica cast is used in the
majority of cases, although it is feasible to
leave the child with a small plaster-of-Paris
boot to which a small wooden crosspicce is
affixed. In this manner we avoid rotation at
the fracture site.

When the roentgenograms indicate satis-
factory union, we withdraw the pin through
a small incision in the gluteal region. With
this method it is possible to get the patient
on his fect at an carly stage and mobilize the
joints temporarily to avoid rigidity.

In oblique tibial fractures, with displace-
ment of the fragments, we do an open re-
duction and fix it with a screw and a plaster
cast for a period of 6 to § weeks. We do not
favor intramedullary nailing of the tibia in
children,

In transverse fractures of the forearm, we
ﬁl.’Sl pin the ulna by a back-and-forth tech-
mic, then pin the radius, passing the pin
through the distal radial epiphysis, slightly
Posterior to the abductor tendon. It is fea-
sible in these cases, when one of the bones
Is comminuted, to carry out an intramedul-

lary pinning on one of the bones and fix
the other fracture with wire transfixion.

In the humerus we first pass the intramed-
ullary pin through the distal fragment, so
that the pin comes out through the trocheal
humeri. Reduction is carried out, and the
pin then is passed up the proximal fragment.
The pinning is not done through the head of
the humerus, because it is a more difficult
technic and it is possible to injure the joint
or the growth cartilage.

As one can sec from the statistics, in chil-
dren it is rarcly necessary to operate for
fractures of the clavicle. We operate on the
claviclc only when the separation between
the fragments is great. In the transverse
fracture it is casy to do the pinning by using
a larger size Kirschner wire. This is passed
first through the distal fragment, coming out
at the posterior aspect of the shoulder, and
is then passed into the proximal fragment.
In oblique fractures we use an X-type of
transfixion with stainless-steel wire.

In the phalanges we use intramedullary
pinning with Kirschner wires, passing the
wire first through the distal fragment and
then up through the proximal fragment.

On reviewing our statistics, we find that,
over a period of 12 years, the operative
method of treating certain types of fractures
in children has given us good results in all
cases. The method has been adopted be-
cause of this and of the socioeconomic and
hospital factors enumerated.

Le Tractamento Chirurgic de Fracturas de Diaphyse in Juveniles

Summario in Interlingua

favl:‘:- glicutite varie facgorcs que argue
& g i !ra\?tafnento chirurgic de fracturas
Problep yse in ]u‘VCI.ules. Tal 'factores es le
A, ecma de. spatio in le‘hospltales, proble-
lamm&:nomu: ede famxhg, e etiam 1&? cam-

depom I:S gue ha OCCurr.n? in le chirurgia
Ko a ve.nm.del antibioticos. Super le

€Xperientia con circa cinque centos

¢ N
3508, tractate inter 1943 ¢ le data presente

al Hospital Infantil de Mexico, tanto in le
servicio de urgentia como etiam in le ser-
vicio del Shriners, le conclusion es presen-
tate que le uso de simple technicas, con
solmente clavos de Steinmann o vites, per-
mitte le obtention de cento pro cento de bon
consolidationes a longe vista durante que le
supra-mentionate problemas es resolvite o
evitate.
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patients on their waiting lists. On the other
band, if we consider the expense of treat-
ment, we can see, by means of simple multi-
plication, that 1 patient hospitalized for 30
days would cost the hospital about 2,000
pesos. For the same patient treated by surgical
means it would be no more than 100 or 200
pesos. Thus, the cost per patient is reduced
to less than a tenth, and the number of
patients cared for is multiplied by 10.

We have outlined briefly the hospital
problem. Let us now consider the social
problem. As is well known, the Children’s
Hospital is at present about the only one of
its kind in the Republic of Mexico, so that,
in spite of its being unable to meet the re-
quirements of the Federal District alone, it
has to take on all the patients who arc sent
to it from the various parts of the Republic.
Boiled down, it means that we have only 120
beds for the surgical treatment of ortho-
pacdic patients in a nation of over 20 million
inhabitants.

The majority, if not all, of those who
enter our services arc in very Iow socioeco-
nomic circumstances. Therefore, we have
no confidence in sending them away for
treatment at home. It would mean giving
them various traction apparatuses and plas-
ter casts that would not be used correctly,
and the majority of patients would end up
with badly consolidated fractures, limb
shortening, pseudarthrosis, etc. Ultimately
this would constitute a very serous problem,
both for the hospital and for the patient and
his family. These are the factors that led us
to change our thinking regarding the treat-
ment of diaphyseal fractures. We now look
to surgery for their treatment.

Which children do we treat by this method?
When the fracture 1s capable of being re-
duced by closed methods—i.e., the frequent
greenstich type of fracture—and we can
undertake 1t with confidence, we do so and
discharge the patent rapidly. On the other
hand, when we know that the reduction will
be hard t0 mamtain— e, the transverse
fracture of the femur or the double fracture

at the middle third of the forearm—we de-
cide on a surgical solution. There are some
cases, like the spiral or the oblique fractures
of the tibia, with great displacement of the
fragments, which, even though they could
be treated conservatively by various methods
in the hospital, we deal with surgically, This
is done in order to discharge the patient
quickly and avoid the probable poor care
by other methods at home. Compound frac-
tures are treated according to classic meth-
ods, conservatively if the wound is infected
or if over 8 hours have elapsed since trauma.
Antibiotics and antitetanus toxin are admin-
istered, and, when all danger of infection has
passed, convenient reduction and fixation
are carried out. In some cases, with wounds
seen within 6 hours after they occurred and
having a good clinical appearance, we haz-
ard operation. Thus the problem is resolved
in a single intervention and is controlled by
antibiotics. It is to be noted that special
circumstances have led us to intervene in
compound comminuted fractures. In these
cases we have solved the problem surgically
with excellent results.

Which surgical technics do we use? In
our early days we used wire transfixion and,
in some cases, bone plates. We have sitce
discarded the latter, and now only the for-
mer is used. The wire we use to reinforce a
fixation or to fix small fragments over which
one has little control. Reviewing our statis-
tics, we see that the most frequent fractures
of the operative type are of the shaft of the
femur. In diaphyseal transverse fractures we
carry out Kintscher-type intramedullary
nailing. We never carry out the closed
method technic conceived by the aut.htfl'
because we believe, with Colonna, that it 18
contraindicated. Because of the small caliber
of the intramedullary canal and of the diffi-
culty of the method, we do not feel that 3t
is safe to expose a child to a long anesthesia
and large-dosage roentgen-ray radiation. in-
stead, we open the fracture site and pass the
pin up through the trochanter until the distal
end of the pin is flush with the fracture. We
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reduce the fracture and bring the pin down
the distal fragment, stopping short ol the
grouth cartilage. We do not use laminated
or diamond-shaped pins, considering that,
aside from their high cost, they can producce
serious lesions in the medullary canal. Stein-
mana pins cnsurc exccllent fixation: the
quality of the steel alloy is insuperable; and
they come in different sizes to meet the in-
dwvidual case. A spica cast is used in the
majority of cases, although it is feasible to
leave the child with a small plaster-of-Paris
boot to which a small wooden crosspicee is
affixed. In this manner we avoid rotation at
the fracture site.

When the roentgenograms indicate satis-
factory union, we withdraw the pin through
a small incision in the gluteal region. With
this method it is possible to get the patient
on his fect at an carly stage and mobilize the
joints temporarily to avoid rigidity.

In oblique tibial fractures, with displace-
ment of the fragments, we do an open re-
duction and fix it with a screw and a plaster
cast for a period of 6 to 8 weeks. We do not
favor intramedullary nailing of the ubia in
children,

In transverse fractures of the forearm, we
first pin the ulna by a back-and-forth tech-
nic, then pin the radius, passing the pin
through the distal radial cpiphysis, slightly
Postetior to the abductor tendon. It is fea-
flhle in these cases, when onc of the bones
s comminuted, to carry out an intramedul-

lary pinning on one of the bones and fix
the other [racture with wirc transfixion.

In the humerus we first pass the intramed-
ullary pin through the distal fragment, so
that the pin comes out through the trochcal
humeri. Reduction is carried out, and the
pin then is passed up the proximal fragment.
The pinning is not donc through the head of
the humerus, because it is a more difficult
technic and it is possible to injure the joint
or the growth cartilage.

As one can sce from the statistics, in chil-
dren it is rarely necessary to operate for
fractures of the clavicle, We operate on the
clavicle only when the separation between
the fragments is great. In the transverse
fracture it is casy to do the pinning by using
a larger size Kirschner wire. This is passed
first through the distal fragment, coming out
at the posterior aspect of the shoulder, and
is then passed into the proximal fragment.
In oblique fractures we use an X-type of
transfixion with stainless-steel wire.

In the phalanges we use intramedullary
pinning with Kirschner wires, passing the
wire first through the distal fragment and
then up through the proximal fragment.

On reviewing our statistics, we find that,
over a period of 12 years, the operative
method of treating certain types of fractures
in children has given us good results in all
cases. The method has been adopted be-
cause of this and of the socioeconomic and
hospital factors enumerated.

Le Tractamento Chirurgic de Fracturas de Diaphyse in Juveniles

Summario in Interlingua

; Es discutite varie factores que argue mn
davor' del tractamento chirurgic de fracturas
© diaphyse in juveniles. Tal factores es le
E:;bl:ma de spatio mn le hospitales, proble-
S economic ¢ de familia, e etiam le cam-
d:m::\;os que ha occurrite in le chirurgia
ba}:: dele advefﬁo .del ant|p|otic9s. Super le
asos. 4 experientia con circa cinque centos
» lractate inter 1943 ¢ le data presente

al Hospital Infantil de Mexico, tanto in le
servicio de urgentia como etiam in le ser-
vicio del Shrmners, le conclusion es presen-
tate que le uso de simple technicas, con
solmente clavos de Steinmann o vites, per-
mitte Ie obtention de cento pro cento de bon
consolidationes a longe vista durante que le
supra-mentionate problemas es resolvite o
evitate.
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Doctors Encouraged To Utilize
the Latest Anatomic Terminology
(Nomina Anatomica)

W. CoOMPERE Basom, M.D.*

At the meeting of the Board of Governors
of the American Fracture Association held
during the convention of the American
Academy of Orthopaedic Surgeons in Chi-
cago, I, on January 25, 1959, it was
voted unanimously to encourage the distri-
bution and the use of the latest anatomic
terminology. The terms adopted by the In-
ternational Nomenclature Committee, ap-
proved by the Fifth International Congress
of Anatomists at Oxford, 1950, and even-
tually ratified at the world meeting in 1955,
were considered to be an excellent basis of
communication among doctors throughout
the world. The Board also felt that their use
would tend to better Latin-American rela-
tions. Dr. Juan Farill, the regional vice-
president from Mexico, supported the new

* El Paso, Tex
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terminology enthusiastically and urged th
members to brush up on the new terms.

The firm of Williams and Wilkins, wh
have distributed free the reports of th
Nomenclature Committees and a complet
list of the new terms, will be urged to publis|
this booklet at a fee, and the Board vote
that the Association purchase 500 copie
for distribution to their own members.

It is hoped that other medical organiza
tions also will take steps to encourage th
use of the latest terminology. Actually, thi
terminology is based on the Basle Nomin
Anatomica, which is on a Latin basis, The
terms are not difficult; they are merely olc
friends in slightly different dress.

Now, when the accent is on better inter-
national relations, this would seem to be a
big step forward.
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Coccidioidomycosi

]

s of the Hip Joint

Case Report

Lotgs W, Bri ek, MDD Lustan M. Sasurn, MD.
AND Ronenry B Haax, MDA

In the arid semitropical region of the bor-
3 betwcen the United States and Mexico,
accidioidomyeanis is protably scen more
tequently than amywhere else, except in the
“n Joaguin Valley of California. However,
Uis stll relatively rare. Although we are
Onamiy on the lookout for this disease,
¢ case to be dincussed was not diagnosed
it late in its course. The dermatologist
(LMS.) was not called 1n until the diag-
w5 of coccidioidomycosis had been made,
The evolution of the ease will be seen in the
feport that follows.

Over a period of years, the two senior
authars (L.W.B. & L.M.S.) have scen a
humber of cases of osscous coccidioidomy-
tsis, many of them without demonstrable
Sistemic involvement. The majority have
Malved the lower extremity. They have
Tesponded only fairly well to any treatmeant,
2d many have remained as chronic draining
S8uses or have required amputation. How-
¥ver, the mortality from the disease has been
Surprisingly Jow in those cases without severe
‘Y“efnic invotvement. In 1951, we collected
& series of cases that cligically were Madura
‘?"K several of which proved to be coctidi-
t‘m““'fyc"sfsz The majority were actinomy-
ing:ca ":i origin. The present case is interest-
e v et i

n .
iirir;;su T ?
), Tex,

CASE REPORT

A Thycarold Mevican mafe foll an October
K. 1983 and fractured the nech of the left
femur. Within a few days an open reduction
with fisation by means of screw and nail was
accomplnhed in Juarcz. Chihuahua, Mexico,
Afterwand, however, drainage developed af the
operative site. This continued, and oa July 8.
1954, the man again underwent operation, at
which time a Fred Thompson Vitallium-type
prosthesis® was inserted. After this procedure,
which abko way done in Juarcz, the patient fe-
turned 1o hus home at Villa Abumada, a rural
community in the state of Chihuahua, He uated
that subsequently the deunage became more
profuse.

He presented himself to us as a referral on
December 15, 1954, beeause of drainage and
pains in his hip with loss of motion and conse-
quent jnability to walk. Examination at that
time revealed ¢vidence of inflammation over
the lateral aspect of the left hip with a sinus
which, according to the patient, drained from
4 10 & cc. of pus each day. There was practi-
cally no hip motion, Racatgenographic evalua-
s1on di rated the bulum to be prac-
tically dissolved with the prosthesis well seated
in the femoral shaft, but the head of the pros-
thesis appeared to be partially dislocated
(Fig. 1).

It was feit that conservative treatment with
antibiotics was the method of choice. Accord-
ngly, this was institated through his referring
physician but with little effect, Drainage con-

* Thompson, F. R.; Two and one half years’
expertence with a Vitallwm intramedullary bip

prosthesss, J. Bone & Joint Surg. 36-4:489-500,
1954
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Coccidioidomycosis of the Hip Joint

Fic. 1. Roentgenographic appearance
with active coccidioidomycosts present
and before removal of Fred Thompson
Vitallium hip prosthesis.

tinued until, finally, on August 6, 1955, the
patient again was operated upon, and the pros-
thesis was removed. At operation considerable
difficulty was encountered 1n removing the pros-
thesis because of scarring. The sinuses, the

S e e e S

tabulum. Cultures and sections of the tissue
subsequent to surgery revealed a coccidioidal
infection of the hip joint and adjoining struc-
tures The patient was referred to the derma-
tologist, who trecated him conservatively with
P Il alf ides an one, By
May, 1956, 6 months after operation, all sinuses
had closed and he appeared to have recovered.
R ams showed able new bone
formation about the jomnt and no evidence of
destruction (Fig. 2). He was allowed up on
crutches m February, 1956, and by June he was
getting about satisfactorily with no evidence of
a recurrence.

The patient was last heard from by letter
February, 1958, when he was alve and well
with no recurrence of dramnage or evidence of
recurrence of the disease.

COMMENT
This case presented to us as postoperative
infection of the hip joint, Simple culture of

Fic. 2. Roentgenogram made 6 months
after removal of the hip prosthesis. At this
time drainage had almost stopped. It did
soon afterward.

the wound showed the presence of Sraphy{o—
coceus aureus, which is what one ordinarily
would expect in such a case. Originally, no
special examination for coccidioides was
done, as it was not even suspected to exist
Removal of the large Vitallium hip pros-
thesis was advised, as this is the best way to
stop draining infections in the hip joint in
cases of this type after everything else has
failed, and this was done. o
The authors suspect that the coccidioides
got into the patient’s wound while he was at
home 2 considerable time after the ongm‘al
drainage started. It is possible that whx}e
he was being dressed for a simple pyogenic
infection of the hip region, the coccidioides
entered the sinus either from the fingers or
the dressings used on the wound. The man
fived on a farm in a cotton field 75 r.mles
south of El Paso, Texas, in a -relatwely
primitive section of northern Mexico. The
draining wound was dressed at regular inter-
vals by the patient himself, some member of
the family or some unskilled !lousehold at-
tendant. The last-mentioned did most of the
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has been walled off and arrested by fibrosis,
if not cured. A negative complement fixa-
tion test and a final negative roentgeno-
graphic examination would be further cri-
teria of cure, and these we still hope to
obtain, but it is difficult to get the patient
to make the trip to El Paso when he sees no
signs of disease.

SUMMARY

A case of coccidioidomycosis of the hip
joint and hip region is presented. This in-
fection ensued following a series of surgical
events: a fracture of the hip, a hip nailing
with an operative infection and the insertion
of a Fred Thompson Vitallium hip prosthe-
sis for a nonunion of the fracture of the hip.
The patient then was referred to us, and the
prosthesis was removed. Following this last
procedure a coccidioidomycosis was found
to exist.

The infection with coccidioides is believed
to have been due to the introduction of or-
ganisms into a draining sinus when the
wound was dressed at home on a cotton
farm 75 miles south of El Paso, Texas, m
Old Mexico.

Besides removing the prosthesis, all the
granulation tissue and the infected tissue that
could be found was excised. This included
several pockets and sinuses.

The infection with coccidioides was not
discovered until a few days after operation,
when the bacteriologic laboratory reported
it. It had not previously been suspected,
instead, an ordinary Staphylococcus aureus
infection was thought to be present, since
this orgamism had been found in preopera-
tive cultures.

Extensive treatment by the dermatologist
(LM.S.) with large doses of penicillin,
sulfonamides and testosterone after about 9
months resulted in a complete clinical cure.
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Coccidioldomycosis, hip joint, 185-188
case report, 185-186
comment, 186-187
medical treatment, 187-188
Coceygodynia, definition, 145
Coccyx, anatomy, 146-150
fracture, diagnosis, 155
muscles, spasm, diagnosis, 155
painful, 145-159
diagnosis, 154-156
differential, 154-155
roentgenographie, 151-154, 156, 157
etiology, 150-152
historreal background, 145-146
pathology, 150-152, 155, 157, 158
prophylaxis, 159
signs, 153
symptoms, 152-153
treatment, 156-159
coccygectomy, 146, 155-159
digital manipulation by rectum, 156
hydrocortisone, 157
lidocaine, 157
massage, external, 156-157
radiotherapy, 157
sprain, acute, diagnosis, 155
subluxation, posterior, coccygectomy for,
157

Coxa plana, femur, gorilla, Todd, after Legg-
Perthes disease, 51

Disk, lumbar, lesions, diagnosis, 141
etiology, 139-140
pathogenesis, 139.143
treatment, types, 141
Dwarfism, etiology, 10
Dysplasia, diaphyseal, progressive See
Engelmann’s disease

Elbow, disarticulation at, prosthesis, 36
Engelmann’s disease (progressive draphyseal
dysplasia), 102-109
case reports, 103-109
discussion, 103-106
literature, 102-103
Exercise(s), as therapy, palsy, cerebral, upper
extremity, 70-71

Fasciotomy, for palsy, cerebral, upper
extremity, 75
Femur, defects, with congenital absence of
fibula, treatment, 28
of gorilla, Todd, coxa plana after Legg-
Perthes disease, 51
of man, locations and dense subchondral
bone of weight-bearing . ~~ 52

Femur, of Man (Continued)
shear strain, fringe patterns, 53
trabeculae of support, 53
neck, anteversion, 80-88
determination by right-angle method,
81-88
degree of accuracy, 85
drawing of lines, 81, 84, 85
estimation of anteversion, clinical,
87-88
by inspection only, 85-87
positioning, 81, 83, 84
procedure, 81-84
terminology, 80-81
upper, blood supply, 54-55
Fibula, congenital absence, 20-28
bilateral, 23, 27
description, 20-22
treatment, 22.28
bowing of tibia, 22-24
discrepancy in length of leg, 2426
equinovalgus deformity, 27-28
femoral defects, 27, 28
instability of ankle, 27
patten brace, 25
Peabody osteotomy, 21
Syme's amputation, 21, 25-26
unilateral, 23
overgrowth in bony stump, 33
surgical treatment, 33
Foot (feet), paralytic, stabilization, eXperi-
mental work of Michael Hoke, 3
splay. See Metatarsus latus
Forearm, congenital anomaly, pr is, 34-37
Fractures, diaphyseal, in children, operative
treatment, 181-183
Friberg, S., quoted, on disk degeneration, 139

Genetic influences, effect on skeletal growth,
prenatal and postnatal periods, 10

Glomus tumor of Luschka's body, diagnosis,
15.

Gorilla, Todd, coxa plana of femur sfter Legg-
Perthes disease, 51
Growth, definition by Weiss, 7
differentiation from development, 7
significance in orthopaedic surgens. 7-17
sheletal, 7-16
differentiation in growth rate in kngaths of
trunk and leg, °-10
factors affecting, postoatal period, 10-11
prenatal period, 10
height, mean gain per year in nofmal
. boys and gitls, §
g rences, 8-9
in osteochondroses, 11-13

signifa
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Osteochondromatosis, differential diagnosis
from pigmented villinodular syno-
vitis, 124
Osteochondroses, incidence, by age and sex, 12,
13
significance of growth in, 11-13
Osteomyelitrs, historical considerations, 97-98
since advent of antibiotics, Children’s Hos-
pital of Pittsburgh series, 98
diagnosis, roentgenographic, 99-100
mortality rate, 98
a study of infants and children, 97-100
treatment, 100
Osteotomy, for arthritis, 126-128
Peabody, for congenital absence of fibula, 21

Palsy, cerebral, treatment, work of Michael
Hoke, 3-4
upper extremity, 70-77
classification of patients, 70
complications, 70
reach-grasp mechanism in spastic type,
72
treatment, bracing, 71-72
preschool patients, 70
exercises, 70-71
splinting, 70, 71
surgical, 72-77
arthrodesis of wrnist, 73, 76-77
fasciotomy, 75
myotomy, 75
neutectonmes, 74
prerequisites, 73
pronation deformities, 75-76
stabilizing procedures, 74
thumb-in-palm deformity, 77

Patella, for chondr 126-128
for osteoarthritis, 126-128
Peabody y for genital ab of

fibula, 21
Phocomelia, classic type, prosthesis for, 43
Phosphorus, deficiency, p period, effect
on skeletal growth, 10
Primates, development of erect stance, 50
Pronation, deformuties, in cerebral palsy, sur-
gical treatment, 75-76
Prosthesis(es), for amputee, child, age of fit-
ting, 35-37
forearm and hand, after amputation for con-
genital anomaly, 34-37, 40-45
prescription, 38-45
lower extremity, above knee, 38-40
below knee, 39
upper extremty, 40-45
cables, 43
elbow units, 43
harness, 43-45

Prosthesis(es), prescription, upper extremty
(Continued)
terminal device, 41-42
wrist units, 42-43
suction sockets, amputation, above knee, 1n
children, 38-39
Prosthetics Research Board, 30

Roentgen therapy, coccyx, paiaful, 157
for sarcoma, osteogenic, 64-65
Rotation-plasty, Van Nes’, for femoral defects
with congenital absence of fibula,
28

Sacrum, anatomy, 147-150
asymmetry, with painful ankylosis of sacro-
coccygeal joint, 151
chordoma, 157
fracture, 156
S (ta), 8! incid
sex, 14
parosteal, 171-177
case report, 173-176
diagnosis, 172-173
historical considerations, 171
incidence, 171-172
pathology, 172
summary and conclusions, 176-177
synonyms, 172
treatment, 173
skeletal growth relationships, 12, 14, 15
treatment, newer methods, 64-68 .
amputation promptly after radiation,
66-67
case studies, 64-67
Jobectomy, 65
résumé, 67-68
roentgen radiation alone, 64-65
surgery, limited, after radiation. 65-
66

by age and

without radiation, 65
present trend, 63-68 .
results of prompt amputation, 63-64
Scoliosis, curvature, mean average increasé,
boys, 14, 16
girls, 13, 16
skeletal growth in, 13-16
studies, material, 15
results, 15-16
treatment, experiments of Michael Hoke,
Sesamoidectomy, for arthritis, 126—128' .
Sex as factor in incidence, curvature In mfﬂ"6
tile idiopathic scoliosis, 13, 14, 1
Legg-Calvé-Perthes disease, 111
osteochondroses, 12, 13

3
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Sen as factor in incidence (Continued)
sarcomata, osteogenic, J4
spina bifida occulta in Legg-Calvé-Perthes
discase, 111
Shoulder, disarticulation, prosthescs for, 44-45
dislocation, recurrent, treatment, surgical,
cxperiments of Michael Hoke, 3
Spina bifida occulta, in Legg-Calvé-Perthes
disease, 110-117
conclusions, 117
discussion, 116.117
forms or patterns, 112
historical bachground, 110-111
incidence, 111
present study, 111-116
in miscellancous orthopacdic cascs other
than Legg-Calvé-Perthes discase,
113
Splay foot. See Metatarsus latus
Splints and splinting, palsy, cerebral, upper
extremity, 70, 71, 73
Staphylococcus aureus, hemolytic, as etiologic
agent, osteomyelitis, 98
Surgeon, orthopaedie, role in crippled children’s
program, clinical rescarch, 95
expansion of services, 92-93
expcrgicﬁnccs in an urban community, 90-

fac(-ﬁndmg. 91,92
hospital consultation, 93-94
miscellancous areas of service, 95-96
Orthopaedic Consultation Service, 94-95
Review Committee, 94
school and child health services, 95
standard-sctting, 91-92
S'"gefy, for sarcoma, osteogenic, after radia-
tion, 65.66
without radiation, 65
gynovyctomy. for arthritis, 128, 130, 132
ynovitys, Pigmented villinodular, differential
d is, from t

i} omalto-

gnosis,
sis, 124

Synovitis (Continued)
from rheumatoid arthritis, 122, 124
from synovial chondromatosis, 124

Talipes, equinovalgus, in congenital absence of
fibula, treatment, 2728

‘Tarsus, medial wedge resection of fused anom-
alous bone, for correction of equi-
novalgus deformity, 28

Tendon(s), Achilles, lengthening, for correc-
tion of equinovalgus deformity, 27

transfers, for correction of equinovalgus

deformity, 27

Theory, criteria of, 50

Thumb, in palm, deformity, in cercbral palsy,
surgical treatment, 77

Tibia, bowing, in congenital absence of fibula,
treatment, 22-24

Todd gonlla, coxa plana of femur after Legg-
Perthes disease, 51

Toxemia of pregnancy, effect on skeletal
growth of fetus, 10

Ulna, paraxral hemumelia, 35

Vaginismus, painful coccyx from, 155
Van Nes' rotation-plasty, for femoral defects
with congenital absence of fibula,
28
Vascular insufficiency diseases, postnatal period,
effect on skeletal growth, 10-11
Vitamins, A, deficiency, posmatal period, effect
on skeletal growth, 10
C, deficiency, postnatal period, effect on
skeletal growth, 10
D, deficiency, postnatal period, effect on
skeletat growth, 10
deficiencies, m pregnancy, effect on skeletal
growth of fetus, 10

Wrist, arthrodests, for arthrtis, 134
for cerebral palsy, 73, 76-77









