


SURGERY OF REPAIR
AS APPLIED TO
HAND INJURIES



An examplo of the mutilating hand injorles which
present from mbshaps with modern industrial
machinery This band was irretricvably pulped
and devitallsed {n a roller press.  The incldent of
a split second cannot be made good in a Lfethne,
nor can it be messured in terms of finance,
The prevention of such infunes is an unqualified
respoanbility of every community




SURGERY OF REPAIR
AS APPLIED TO

HAND INJURIES

BY

B K RANK, CMG
n.&merboum) FROS (Englrmd) FRACS

Plstio Borgeon, Royal
Hu.p«:n \Hﬂngmhgmﬂrpl

%ofmmmh ¥

AR WAKEFIELD
ALB.(Aelbourne) F.R C8 (Enghnd) FR.ACS.
Thstls

Melbourmo} Amstant I“l.n.tuo
noyd mbm;"ii“i{ mﬂv;"iﬁ;ﬂ’é‘;

Burgeon, Repa

FOREWORD BY

SIR GORDON GORDON TAYLOR

EBE OB, LLD 8.D, F.RCS, FROS(Ed),
FR.AOS, FACS, F.ROB{Canads)

BECOND EDITION

7

L. & S LIVINGSTONE LTD
EDINBURGH axp LONDON
1660



This book is protected xnder (he Berme Comvention, It

E. & S LIVINGSTONE LTD, 1960

Flrst Edition 1953
Spaxith Edition 1957
Sevond Edition 1960

Vet and Frented 1n Gremt Bromin



FOREWORD

T 18 a privilege which 1 greatly prize to contribute a foreword to this volume,
Iwhmh emanates from two distinguished Australian surgeons and which must

surely be 1n the possession of all whose concern 13 with majuries of the hand
The thought comes readily to the mind how much the surgery of repair already
owes to those whose cradle rocked or whose work has been wrought 1n lands
under the Southern Cross. This work 1s no strange plant springing from an
unknown soil tended by men lacking contact with the motherland  1ts roots
are veritably Briish for the authors have derived much of their inspiration
and received tramming from surgeons like Gillies McIndoe, Kilner and Rainsford
Mowlem. It may therefore be reckoned a British Empire work embedying all
that has made British reparative surgery famous throughout the world as well
as the special experience which has come the authors way

The wnters are not fickle protagonists of the view that the reparative surgery
of the damaged hand 1s the peculiar province of the plastic surgeon Ts
field of surgery has beena  no mansland wiuch has provided no compelling
attraction for rival surgical specialties, but which has been gladly assigned by
colleagues to those most fitted by temperament and surgical traiming to produce
the best results These two authors have been fortunate n the abundance and
the length of their experience, which embraces injuries of the hand of industnial
and war causation scen 1o crviban, military and repatriation hospitals, and
which therefore sets an authorntative seal on this work

True to their beliefs and notwithstanding their senuority the authors have
been ready at all times to answer the call for skilled surgical assistance m cases
of hand injury in utrumque paratus as the Fourth Fytte of Adam Lindsay
Gordons Ye Weane Wayfarer would have 1t, or assumuing the devoted
attitude of the most consummate representative of the maieutic art. By their
altrustic outlook and conduct they have secured the good results described and
depicted 1n this book.

Those whose function 1t 1s to deal with injuries of the hand will denve
much profit and valuable assistance from those parts of the book drawing
attention to what might be termed * & new anatomy of the hand 1t 18 of
interest to the scholar as well as the surgeon.

In conclusion no reader of this work can fail to realise the impact of
repair minded surgery on the progress and advance of the science and art of

Surgery itself
—
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PREFACE TO SECOND EDITION

N prepanng a second edition of this book only a few years after wriing 1t,
Iwe have not felt compelled to make radical changes The general format
remains the same. A few modifications and amplfications of detml and

method have been indicated by further experience.  We have also elaborated
on certamn points as suggested by many kind readers who have taken the trouble
to write to us It seems that the general cross-section of surgeons make the
best proof readers, and wo are very grateful to all these men

We have resisted, too the temptation and repeated suggestion that we
extend the subject beyond the confines of the title to other ramufications of
hand surgery That would only diverge from our objective which 15 to draw
attention to the obligations of surgeons towards the challenge presented by the
ever mcreasing range of hand Inguries,

We have added some new illustrations and replaced others

Dr Lennard Travers who has helped us with all our anzsthetic problems
over many years, has assisted to bring the section on angsthesia up to date
We also record the valuable help of Mr Clifford Wellington over the years.
He has provided the many prosthetic and mechanical devices we seek often at
short notrce. This 18 8n essenttal form of scrvice where any volume of this
work 1s done,

‘We have had no cause whatever to vary our praise and admiration of the
helpful attitude of our publighers

B K. RANK.
A R WAKEFIELD

PREFACE TO FIRST EDITION

NJURIES to the hand constitute a special problem for the surgeons of any
modern community  Against wider horizons of modern surgical endeavour
there 15 always a sobering thought in the high standards of structural
exactitude required to subserve the many perfections of simplicity and intricacy
which meke up the normal functioning umt of & human hand. To contnbute
i some measure to the natural restoration of a hand from the unnatural
effects which beset individuals to-day offers unique stimulus, scope and prize
to the art of surgery and to the craft of surgeons
The volued principles of the surgery of mjury are well exemplified 1n
thetr apphieation to injured hands. Ther careful apphcation could not be
more rewarded nor their disregard more conspicuous than in this particular
apphcation  Principles may not change, but nerther 1s surgery static, for the
method of apphication or the emphasis on pnnciples does change.
We have set out to wnite a book on the surgery of hand myunies under
present-day conditions, where the indications and passibilities of modern
vl



PREFACE TO FIRST EDITION

repantive surgery call for reiteration of certain princt

of hugher standards of technical achievement. Tt?c png?:fa:ldodg rmgrmu:::l%:
surgery 1s often high, but 5o 15 its price, and without the precuse technical
knt;\];/lcdgcuand practice of how to achieve a certain end 1t might well often be
n the patient s interest if we retu

traumatic wounds med to the em of secondary dlosure of

We have not set out to record m familar fashion known facts, a
optnions and methods of treatment under vanous arbitrary hmdxr:: tmizg
the nitle might well be dissected. OQur object has been to record the more
frurtful developments of personal opportunity unembarrassed by consideration
of alternative procedures.  We realise full well that there are diverse paths to
successful accomplishment, but these are generally in matters of detail or
personal nterpretation of values and not n matters of principle  Wo accept
any eritiasm of mcompleteness, believing 1t better to remain incomplets as o
reference book than to transgress beyond the scope of first hand experience.
Nor do we see reason to reduplicate much that has been well covered by others
m relation to closed junes and fractures for our expenence has been in the
man with open tjurnes

The work 1s meant pnmarily for the discriminative mterest of those who
see apd treat hand imjuries  With a few deliberate exceptions we have refrained
from basic descniptions of elementary operative procedures which every
well trained surgeon of 1mjury must know to-day Our concern 15 rather with
the correct and tumely apphcation of these procedures.

We have endeavoured to arrange the presentation m relation to njurees
as they ocour  Anatormical systematisation leads to hypothetical consideration
of many wnjuries which rrught arse but it Joses emphasts on reality

It 1s frequently stated that true experience 18 only accumulated by personal
tnals and errors  We hope to contribute to the mterest of hand mutilees by
some casing of this method and to the ultimate accomphshment of younger
surgeons by some sparmg of the tumudity and uncertainty by which we have
tediously developed our own standards That surgery 1s not static 1s due, at
least in some measure, to the fact that each newcomer has opportumty to start
wath a reduced lag 1n accumulated knowledge to achieve new standards

With great respect we fully acknowledge the teaching and gencrously
recorded experience of the men who have largely activated our own thought and
practice in the sphere of hand myuries.  Ssr Harold Gullies, Sterling Bunnell and
Sumner Koch have indeed, been our matn wnsprratton—@illies, the founder of
a techmique the value of which well continues to be realised in 1ts exiending
applicanon  Bunnell and Koch who have shown the possibilities of reparative
surgery of the hand  We have also denved pestimable help from our fnendly
association with therr many disciples the world over men of our own generation
too numerous {o list. Some of them are mentioned in the text where opportunc,
but we have purposely avoided full Iists of reference work beyond those of
direct concern to our immediate purpose.

We acknowledge with gratitude our personal debt to the beneficence of
the Carnegie Corporation 1n the United States of America, the Nuffield

vili



PREFACE TO FIRST EDITION

Foundation 1n Great Britan and the Australian Red Cross Society  Each of
these, through the National Health and Medical Research Council of Australia,
have given us opportumity to see and study this work 1n Britan and Amenca
1n the light of our own difficulties and problems We hope that their trust and
gesture have not been wasted

Various reasons have prompted this work  First, 1t 15 obligatory on any
who have had peculiar opportunity 1n a particular branch of surgery to record
the value of that expericnce at some approprate tme  More especially docs
this apply 1f, as 1n our case, such opportumty has largely been posuble as the
result of the broader and impersonal vision of such a large numbes of our
colleagues  Our carly interest 1n hand iyjury and perhaps some demonstration
of improved results, has signalled a snowballing of opportunuty

The book 18 based on work done in the past ten years when a large portion
of our time has been spent 1n the care of patients with ijured hands of all types
and 1n diverse stages  In the first half of this period, as a result of the policy
of the Medical Durectorate of the Australian Army Medical Corps a large
number of men with injured hands was concentrated under our care n an
Army Plastic Surgery Unit Dunng this phase we expenienced much of the
many hazards assocated wath secondary repair in the wake of infection, long
mmmobihisation fibrosis and joint stiffness.  Under these conditions reparative
procedures were often attempted n ambitious fashion for some slight
improvement in the function of a hand remnant. 'We would like to record the
carly encouragement and help we received from the late Brigadier W A Hailes
and from Colonel C W B Littlejohn Consultant Surgeons to the Australian
Army dunng this period when we were the instruments of their policy

In the latter half of this ten-year period, at various hospitals in the city of
Melbourne we have had ample opportumity for the pnimary and continued
treatment of recent hand njuries under crcumstances impossible 1n
arrangements of war With the undoubted advantage of antibiotic drugs we
have been able to apply prnunary reparative procedures with vastly improved
economy and value to all concerned 1t 15 the scope and place of these which
constitute our main message

Plastic or reconstructive surgery 18 vanously considered as an atbitrary
subdivision of surgical practice, but 1t is none other than a method or technique
of surgery  Its scope is wherever thus can be applied with value. We do not
pretend that the management of hand injuries 18 the exclusive sphere of any
particular sect or group In centres the world over hand mjunies are
concentrated and managed under diverse arrangements with equivalent results
We would categoncally state, however, that the best can only be achreved where
organisation permuts of continuity of management by surgeons fully versed 1n
the techmique and application of plastic surgery and we fail to set bow s
can be developed 1n any strictly regional manner within the confines of the
hand  Any sutgeon who deals with hand 1njuries must also be schooled 1n
orthopeedic procedures refative to injury and 1 penipheral nerve surgery There
must be some reshuffle 1n surgical organisation to include surgeons of injury
and reparr fully trained 1n these matters, and we are 1n full accord with the

ix
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precept and example of Mr W G Gissane 1n Birmuingham It is & pity
however, that the term  traumatic surgery ™ 1s sometimes used for such work
when 1ndecd, 1ts password should be  atraumatic surgery

Some excellent wntings are available which deal largely with secondary
reparatrve procedure and with septic conditions of the hand.  Under present-day
conditions, however, we feel these aspects are over-emphasised at the expense
of a more detailed concern with primary treatment of wjury If pnmary
treatment 15 all that 1t should and can be, there 1s a fast-dimmnishing need for
secondary reparative procedures and nfective complications become en
ncreasing rarity

Some separate attention has been given to hand injumes in children
(Chapter XVII) so that certain common features of injury and repatr in children
can be underhned This must not detract from the necessity for tempering
any observation option or management with the age or youth of the patient
The capaaty of the young to heal remodel and adapt 1s only believable to those
familiar with the surgical care of children No mngle general factor has a
more pervading and profound influence on prognosts. Statements or clums
which are not considered tn thus hight by both reader and writer wall cause much
musconception 1n the management of hand 1njurres

In the preparation of the book we have had much help from many kind
people  First, our own mmmediate professional associates and staff especially
the nursing sisters and physiotherapists  secondly our colleagues who have
made possible our concentration of experience and thirdly those who have
worked mn direct preparation of the book itself —Mrs W A, Scott and Miss
J Boyd our typists, Olrve and Joe Roach, Mr Roy Ingles and Helen Wischewsen
who have been variously responsible for the illustrations. All have been
patient and long suffenng.

Professor Sydney Sunderiand has been long and happily assocated in the
anatormcal and neurological aspects of our work and has advised us n the
anatomical presentation

We have been fortunate to have as proof readers Mr R. Guy Pulvertaft of
Derby and Mr A B Wallace of Edinburgh. We bave valued their constructive
cnticiam.

We hold the warmest regard for Mr C Macmillan and Mr J Parker
Directors of E. & S Livingstone Ltd The negotiations and smooth conduct
of publishing, despite our scparation by twelve thousand miles, would have
been impossible without their help and co~operation throughout.

That our beloved mentor and champion of British Surgery throughout
the Empire, Surgeon Rear Admural Sir Gordon Gordon-Taylor should compile
the foreword we take as a signal honour

B K. RANK.
A. R. WAKEFIELD
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CHAFPTER 1
THE SOCIAL SIGNIFICANCE OF HAND INJURIES

THE INCIDENCE OF HAND INJURIES AND
HOW THEY OCCUR

PPROXIMATELY one 1n every three of the injuries which present to
Athc casualty department of a metropolitan general hospital involves the
hand. This hgh everyday mncidence of hand imjuries ments critical
examunation
The source of hand injuries differs from that of accidents mn general
(Fig. 1) Acadents m industry are their domnant cause. Approximately
one third of the general factory accident rate concerns the hand but the

SOURCE OF INJURIES
ALL INIURIES HAND INJUNIES

proportion varies i different industnies (Fig. 2) Such 1s the diversity of
acerdent laws and regulations 1n vanous states and 1n various countries that
any comparative study of figures 1s futile without a full appraisal of relevant
legislation  An accident may be notifiable in one country and not 1n another
Figures? studied from the first year of working of the National Health
and [nsurance Act in Great Britan (1949) emphasise the magmtude of the
problem  Of approumately 737 500 injury benefits for accidents and prescribed
diseases dunng employment, 211,280 were paid to persons with hand inuries,
ie npproximately one 1n three. Of 6 656 000 benefits for accidents and illness
! We gratefully scknowiedge the kind personal help of Dr Edith Surmmerskiil (then Mbnister of

Natioma! Insurance) in obtalning this detalled informat fence
mpomlb\efordkscc\ronanddctﬂ\cdbm\kdovmo{hm 10 the patkence of ber yafl
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

HAND INJURIES IN INDUSTRY
VICTORIA 1941 - 1950

AVERAGE
EX YEAR 5e_a0 o 1+
E ’
1
_—— e TR

TOTAL AVERAGE PER YEAM
ML XICENTS
2330
]
HANDS
aciuantou 9
- -0 j
oﬂgr-«. sl
Fo 2
Haod iojarkes In todostry
The proportion of accidents which involve the hand in varioun In the State of
Victoria 18 st out This is based on a gr, over & ten-year perod 1940-
figures given 1n Victormn Govemnment of Labour Anmnl
thase indintnes of relative local significance = a cause of hand injurics are uded. It
should be realised that beavy Indostrics such as shipbulldi moing are [mignlficant
m this State thmﬂdbe;gﬁumtmmrm accidents n other In
anwmmﬂtd the Factones Act b
four persons n rerafl, trude, oc sake, or wh oaly onc if mail a
horse power B sbo employed. The State Law b that any keeps a man

~



THE SOCIAL SIGNIFICANCE OF HAND INJURIES

utside employment, only 124 680 were for hand injuries, /e approximately
ne 1 fifty These figures cover the mnsured population of Great Bntain
vhich broadly corresponds to the working population approximately
4 million As a result of a recent mnvestigatton 1n Britain Ruth Wilkes* notes
hat 1 1951 the annual cost to the country 1 mjury benefit pard for
iand myunes was approxmately £2 2 mullion

CAUSE OF SEVERE HAND INJURIES
IN INDUSTRY IN THE HOME

nds Statstics published annually by the United States Department of Labour

n t}c:atc that of approximately 2 nullion disabling work imyunes which occur

ot tdcountry each year three-quarters involve some permanent imparment

% and function In some industries hand 1njuries account for more than

nm;p]cr cent. of the disabling mjunes reported * (metal furmiture, 96 per cent

0 ped and pressed metal products, 91 percent.  mscellaneous manufactuang
bercent.  slaughtering and meat packing, 90 per cent.)

'y
l;'ml?g R.(1936). A sochal and occupational study of Injured hands.  Brir J Inchatr Afed

.
Work Injuries in the United Stales durmg 1948 Balkrin 975 US. Department of Labour
5



SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

It 1s a fact of cunous significance that while industry 15 the mam source
of hand mjunes, and while 1t would seem obvious and easy to attribute ths to
mechanisation 60 per cent. of all hand mjunes which occur 1n industry are
not due to the agent of machinery Most of the more severe hand njunes,
however arc among the 40 per cent. caused by machinery (Fig. 3) The
majonity of industrial accidents are due to personal factors—stepping or stahing
agamst objects, falls, cuts or handhing of matenals without machinery  They
occur 1n the same way as do common household injuries.  These * household
type " accidents have been the subject of much research and planning
industry for physical, mental and social conditions of the individual are often
mmportant factors m therr causation Research has shown thar relation to
age, expenence, responstbility and general health of the employee, and to
factory conditions of hours fatigue atmosphere and Iighting. Furthermore,
there are ** acaadent prone  individuals, for the numbers who recene multple
and repeated myurtes are out of all proportion to chance conditions. Evidence
of previous hand mjury from similar or other causes 1s often noted where large
numbers of industnal mjunes are handied Many attempts to investigate ths
matter have been fruttless because relevant data have proved so complex  In
prevention therefore 1t would seem more profitable to investgnte conditions
giving nse to accidents in average people, rather than to pick out and endeavour
to analyse unfortunate individuals who are  accident prone.™

Home accidents constitute the only other sigmficant source of hand
iguries  These injunes are rarely severe  Therr more common causes are
also indicated 1n Fig 3 Each new houschold innovation or mechamical
gadget, from bean slicer to pressure cooker brings its trmin of peculiar Iesions.
1t 1s unfortunate that safety construction and legislation too often come sfier
a period of tral and error rather than as a result of any pnor exhaustive
tnquiry tnal and approval A certamn type of houschold radiator has brought
disaster to many children s hands, and yet legistation directed to prevent the
marheting of such unguarded hazards s st:ll 1n the stape of controversy It
1s noteworthy how these nushaps occur m the poorer houschold which 1s
forced to the cheaper market

ECONOMIC CONSIDERATIONS OF HAND INJURIES

Extremely fen hand injurtes result in death but they cause untold loss to
the injured s family his employer ond s fellow-citizens.

Estimates 1n varous countries wdicate that approximately 20 per cent
of huge total compensation payments are for hand injures. In the Umited
States, tn the year 1950! the direet compensation paid for approumately
515000 hand and/or finger igyuncs was 2141 625000 In additton to monetary
payment for medical care and compensation there are intangtble costs on many
scores, such as loss of man hours ir and t of skilled
effectives. 1t s generally consxdcn.’ ~ mdden oy such

From the Statsstical Dhvrtion, Nanonal © Amerwa, LIS

1951



Fro. 4

Safety devices on power presses to prevent hand Injories

A, Flved grard. Systermatic approach to machme guarding is mdcated by tho mctal tag riveted
to the die This firm has about twenty-five power presses and fifteen hun dies,  All

lom are effectt P three standard of guard. Everyguard b
‘hhlmﬂ'nbcrlndﬂrryd.ncamuantullAglndhlin;anumberObecnnrdlobamcd.
B.Anolhu-typeo(ﬁ.udpm:d. A perspex window allows good visibility to the machme, a bent
Dblcrnomledhﬂdellnmrdptmnultnhmd ﬁmmlnxzhcdunmmwhﬂeﬂde feeding

strip metal

C, Anautomatic prard  In this case an automatkc control closes the shutter in front of the guard
bﬂfﬁtt)‘:mhbcfn,hcmltdmcddunngt}wmbmdopauhwhcnlhenrok:mds.
With any obstructlon to closing, the machine will not operate.

(Phobegrsphy by courtery of C rmmomweailh Depastuems [ Laben )
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figures of direct payments as set out four or five tmes  In a young countn,
like Australia endeavouring to build up population when imnugration 1s such
a costly and difficult undertaking, the loss of such a valued asset as a skilled
worker cannot reasonably be estimated

Still further personal hardship and musery are caused to the uninsured
victims of hand injury What of the housewife and mother who 1 a splt
second accident of her household chores suffers long crippling from imjured
tendons and nerves ? What of the husband father and breadwinmer who
alcoholic aberration puts his fist through a window or falls with a broken beer
bottle ? His plight 1s indeed a pathetic one  The exasperation of the surgeon
commutted to the long tedium of his management 1s soon mellowed by thought
of the tragic hardship to a family

Accident prevention 1s a community and State responsibility of the highest
order Thus has been increasingly realised since 1911 when British compensation
laws first commenced to absolve the need for a worker to suffer or else fight
his own loss 1n civil actron for negligence against lus employer

In recent years National Safety Councils and Government Labour
Departments have been increasingly active and cffective 1n reducing the number
of industrial injuries  Prevention of accidents requires full understanding and
research nto their reasons and basic causes The inception and pohicing of
high standards of accident reporting have contributed most to this end  The
objective now 13 to determine why accidents happen and not merely how they
happen The medical professton has some responsibility to contnbute to
accdent prevention It can help by keeping designers employers and public
informed on recurrent patterns of myury and how they may be caused by
mechanical devices, old and new

Two examples 1llustrate how this can apply —

1 A small number of metal polishers came under our care with severe
“ brush burns ” of the hand—men from different workshops but 1njured n
precisely the same manner  Each was using a small size buff 1n the corner of
a metal tray when 1n an instant the buff jumped out of control and caught 1n
the open wnst cufl of his glove to run up mto the palm, causing typical and
bad friction burns  They told of workmates injured 1n the same way
accumulated information serves the most useful functton of medical practiee—
prevention  Metal polishers should all wear a close fitting clastic or woollen
cufl about the open ends of therr gloves

2. We have recently noted a disproportionate number of new Australian
migrants with severe types of hand mutilation as a result of power press injuries.
These are typical sjuries in people of typical make-up and background Most
have been middle-aged men and women who in Europe, served occupations
of the * white-collar ™ type such as office work or school teaching. Soon after
arrval 1n their new country they have been taken into industry to work at
machmery m a new vocation quite foreign to their previous livelihood Two
injunies of a type illustrated 1n Fig. § were caused by the same machme within
aweek the one man taking the other man s place at the machine and following
him 1o hospital too  What sad loss to the mdividuals and to the country '
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The safety barrier s destgned 50 that if the tor s hand strikes it,
electrical ‘power 1 cut off the machine is rapkdly and the
hot bed bs fowered (o prevent hands being caught and bumnt.

9



SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

The lesson surely 1s that people cannot become machine-consaious overmight
or by edict

The cost of vocation selection tnal and trawning to prevent * square pegs "
being placed into * round holes  without reference to the specific requirements
of any new job 1s minute when compared with the needless waste and suffening
depicted

The Amencan Standards Association? has developed a standard method
of accident reporting adapted to the purpose of acaident prevention It is
now widely used 1n most of the States It recognises six major groups of
acaident factors as follows (1) The agency (e the defective object or
substance most closely related to the injury) (2) the agency part  (3) the unsafe
mechanical or physical conditton  (4) the accident type  (5) the unsafe act
(6) the unsafe personel factor Detailed code numbers are developed to these
headings.

Despite the best and universal use of acoident prevention methods there
must always be an irreducible mimmum of sccidents which represent mechanal
imperfection of machines and personal imperfections of individuals  Machinery
protection can be provided to the full practical imut, and there is no end to
design and matenals used 1n gloves for workers in relation to specific purposes
but though mechanical hazards are so reduced their effective use depends on
the safety consctousness and responsibility of individuals. Most hand mjures
occur at the point of contact of matenals with the machinery and the majonty
of them are due to unsafe acts by the individual especially when his attention
wanders or 1s distracted  Circular saws power presses and buzz pianes are
common causes of such mjuries

PERSONAL AND INDIVIDUAL ASPECTS OF HAND INJURY

These may be far reaching i severe cases  Personal loss cannot always b¢
translated mto standard finencial arrangements This explains why many
inyured people become embittered and labour under the delusion that they have
been badly treated 1n any standardised compensation arrangement

The effects of long enforced 1lness and tdieness, long-delayed or protracted
Ittigation or the common state of compensation mindedness 1f not purposefully
prevented or managed may induce personality changes of a type previously
foreign to the person concerned A happy and well adapted man—a
asset—may become a disgruntled member trying alike to his family friends,
employers and medical advisers  Loss of confidence and a shelter seehing
personality are commaon psychological repercussions of severe accydental hand
injunes  Change 1n occupation enforced by circumstances of njury requires
a careful and purposeful adjustment of which not everyone 1s capable 1t 15
not easy for a man tramned and at heart & mechanic to be deprived of the value
of his ime-carned manuat expertence and personal aptitude

Americon Stomcbrds Associarion 216, 2, 1991 Party 1and 2
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MEDICAL RESPONSIBILITY CONCERNING HAND INJURIES

Medical care of patients with injured hands must extend well beyond the
confines of 1ts particular concern with healing and restoration of anatomy and
function It must also include long term personal and economic considerations.
Good practice for one can well be misguided 1n 1ts apphication to another
A saw miller would be better off with an amputated finger 1f he could return
to his saw milling than he would be if tine-consuming anatomucal restoration
of the injured finger were conducted with a fine but fragile result which prevented
the resumption of his normal job  Surgical 1dealism may or may not be best
for the patient.

The particular secondary viewpomnts of medical man employer and
msurer may be at variance The surgeon 18 more concerned 1n the finesse of
steuctural repair - The employer 1s 1nterested n the man s early return to s
old job and not his employment in some lesser direction The insurers
attention 18 focused on his overall financial obligation  All, however have a
primary common 1nterest 1n the injured man receiving the best possible result
n the shortest possible time  Nothing 1s more basic to their common objective
than the hughest standards of primary management of hand 1njuries A conflict
of secondary interests arises rather mn the long term cases with severe disabilities
of months duration when tedious secondary procedures are called for many of
which can be prevented by pnmary treatment under the best conditions  If
this 15 realised, all parties must give way 1n their particular secondary concern
to the welfare interest of the patient. It 1s essential that the surgeon remain
a free agent with an unfettered doctor patient relationship  He must certainly
collaborate with employer and insurer but should be subservient to nerther



CHAPTER 1II
SURGICAL ANATOMY OF THE HAND

HIS chapter on the surgical anatomy of the hand has been included

primanly to stress a changed emphasis on various aspects of the subject

which must be fully appreciated by all who venture 1nto the field of hand
surgery

Although there have been many bnllant surgeon-anatomists, 1t 1s fair
comment that most surgeons can retain constantly tn their munds only a Iimited
amount of the mfinite detail of anatomy—that which s pertinent to their
daily activities as surgeons It 1s clear that with changes 1n the scope and range
of surgery the surgeons knowledge of relevant anatomy must be hept
thoroughly up to date. The surgery of the hand 1s one of the best of many
examples where this consideration applies.

It 15 a very few years since hand surgery was domunated by mfection
Infection dictated clinical teaching and anatomucal research and if a student
came to his examunations with a knowledge of the various types of hand sepsis
and thetr associated anatomy he felt safe in the knowledge that there was hittle
else of importance that he might be asked 1n this field  If he knew Kanavel's!
teaching he could hardly go wrong.

The emphasis is now changed. Major hand sepais has become a comparative
ranty, and thought must now be focused op anatomy as related to repair and
reconstruction rather than sepsis and destructton A sound knowledge of
recognised fascial spaces and tendon sheaths and of the classical distribution
of major vessels and nerves will not suffice.  We are now concerned with the
anatomy of function and not the pathological distortions of sepms. We are
less concerned where pus tracks and accumulates or i which erbitrary fascal
space a tendon may lie. We are more concerned with the size, shape, length
detarled attachments, excurstons during movement synovial refiections and
many other muimate details relating to the tendon tself and which determine
how 1t funcions So too we are not s0 much concerned with how nasons
should be placed to establish drainage as with how they should be placed to
provide proper exposure and yet minmuse the cffects of scar contracture.

Along with this there has been increased opportunity for the study of
detaled anatomy 1n the living subject. This has resulted from the widespread
use of the tourniquet to produce a clear avascular field for dissection st the
many operations which are now carmed out on the hand most of them
repamafive in object.  Under these circumstances many anatomical munutee
can be observed mn a manner ympossible at cadaver dissection  Many such
detasls have received no emphasis 1n the past, and although they are doubtless
famihar to academic anatomists therwr significance has not been apprecrated
1n relation to surgical practice

All this, however 1s of httle pmactical value without familarity—without
an almost subconscious recognition of structures, what they look like and how

Kanuvel (1933).  Infecrions of the Hand  Philadelpha  Lea & Febiger
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SURGICAL ANATOMY OF THE HAND

they feel. It 18 only such famuhianity which prevents strands of fascia from being
identified a3  nerves  tendon sheaths from bemng  repaired ” mstead of the
tendons themselves, the blissful section of digital nerves or even confusion
between the median nerve and e flexor tendon when both are divided at the wrist

POSTURE OF THE HAND

Perhaps the most important conception 1n hand surgery 18 that of the
“ position of rest ! (Fig. 7)—the relaxed position taken up by the hand at rest

Fo 3
The effect of wrist posture on finger flexion at rest.

¥ith 1ts neuromuscular mechanism 1n & state of balanced tone  The posture
of the normal relaxed hand can very well be studied on a subject whilst asleep
or ightly anzsthetised  When the wnst 15 slightly flexed the thumb tip 15 closs

' Wood, Joves (1949). Principles of Amatomy as scex in the Hond p 149 London  Balllkre,
Tindall & Corx.
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beside the distal interphalangeal joint of the index finger  Each finger lies 1n an
obvious typical and clearly graded sequence of partul flevion ranging in degree
from the thumb to the little finger  The tip of the index finger 15 inclined towards
the ulnar side and that of the little finger fowards the radial side of the hand.

The influence of wrist position on this posture should be noted By passive
flexton and extension of the wrist the degree of flexion n each finger 1s altered
but 1ts relation to neighbounng fingers remarns the same (Fig. 8)

Proper understanding of the position of rest and 1ts normal vanation with
changes 1n wrist posture 1s basic 1n diagnosis of tnjury as it 1 in treatment  In
diagnosis 1t 1s often not appreciated, 1n treatment too often forgotten. It s a
sumple matter of chnteal observation to note any departure from the normal
posture when 1t 1s upset by injury to any portion of the neuromuscular
mechamsm which controls it Examples of this will be detailed 1n Chapter 1V
It 1s 1n this position that most fractures are stable when reduced 1t 1s 1n ths
position and no other, that the fingers can be immobilised for relatively long
penods without prejudice to ultimate joint function

HAND TYPES AND NORMAL VARIATIONS

In the course of many examinations and operations for injured hands over
a period of years one comes to recogmse a vanety of hand types. These can
often be associated not only with certamn classes of injury but also with the
choice of surgical procedure and with tie order of result that can be anticipated

Broadly there are three groups. The first may be termed the average band.
It 1s the hand of the man who lives by his wits, and 1s differentiated neither
for power and durability nor for any particular degree of finesse or dextenty
It 18 used no more than 1s necessary for personal conventence and ts njured
only when called on for some unusual effort to which 1t has not been truned

The second group belongs to those who datly use therr hands 1n moderate
to heavy work and who [rve by such work Here sustained power and stability
m the performance of a few simple movements together with durability of the
surface skin are paramount. A thick horny surface layer and powerful mass
hand movements are developed at the expense of finger tip sensibility and the
intricate and mdependent movements of individual fingers

The third group compnses those hands which are constantly used for
highly shilled work, often nvolving sensitive finger tip control and delxcate
independent finger movements  The musician or perhaps even the surgeon
may be among the best examples of this class. Such people learn to care for
their hands and do not frequently imjure them  When they do however the
results are more tragic and a much higher order of functional recovery 18
necessary to restore them to their special work

Although there 1s an increasing group of mechanics and engineers 1n whose
hands are combined many of the characteristics of the second and third groups,
1t 1s nevertheless extremely useful to think along these lines in the management
of injury  Such thought will often make for a better chotce of procedure and
will unable a more accurnte prognosis to be piven [t senves also to bring home

14
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he wide variations m the normal range of jomt movements and 1n the degree
of independence in finger function The vanation n the range of the inter-
phalangeal jomnts 15 a case m point  Flexion of the thick, heavy skinned finger
of the labourer to the horny palm 1nvolves less range at the metacarpo-phalangeal
and nierphalangeal jomnts than does the same movement 1 the slender
thin skinned hand ~ Even the degree of active flexion that 1s possible at
the distal jomts 15 vanable and 1 manual workers may be extremely
mited (Fig. 9)

A proper appreciation of the range of normahty 1n regard to these and

Fm 9

Normal variations in joint ange
Limited flexdon rangs at tho dustal interphalangeal joint
ﬁnhbou‘m‘lhtnd. lgRlnp ofﬂ‘:mninllél?bd
worker
other vanants 13 essenhal not only n the choice of the correct procedure for
any particular case but in assessing results of surgery which cannot be
measured by any numernical yardstick common to all

THE SKIN

The skin of the palm shows many vanations adapted to 1ts peculiar
Importance. Its thick cormufied layer and its fibrous connections with the deep
fascia make 1t ngid and 1elastic when compared wath that on the dorsum and
cliewhere. It 15 more than well supplied with sweat glands It 1s capable of
U)Crmudlg or decreasing the thickness of 1ts horny layer 1n response to functional

These factors have considerable bearing 1 relation to wounds and therr
healing.  Union does not occur across the surface horny layer which peels
off from suture lines and therr surroundings several weeks after operation or
catlier 1f allowed to become most or infected The relative 1nelasticity of the
skin does not allow of any tenston m wound closure and mulitates against the

15
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design of any local flaps to meet conditions of skin loss  From this 1t can be
scen that only very little skin Joss can be made good from the skin of the palm
uself and even minor Josses will become apparent n functional limitation
Furthermore, the differentiation of palmar skin means that 1t cannot be truly
replaced from any other less important part of the body No matter what other
skin we may use for this purpose, 1t never has and never acquires those specml
properties

In contrast the skin of the dorsum 1s thin mobile and elastic—
charactenstics which are used to therr imit when the fingers and thumb are
fully flexed 1n the clenched fist That there 1s just enough dorsal skin to allow
of full flexion of the fingers 18 apparent when the clenched fist 1s examined.
The skin over the knuckles 15 tight and blanched by the tension as 1t 1s stretched
to the limit of clasticity Just as on the palm, therefore, even minor degrees
of skin loss make themselves apparent by Iimutatton of function Even second
degree burns of the dorsum for example which heal spontaneously and quickly
and which arc associated when healed with diffuse and microscopic
ntracutancous scarrng, leave their mark of limitation of full finger flexion
Whilst this may improve with time, 1t 1s only at the cost of dragging the forearm
shin down towards the hand puliing the finger skin back from the nail beds
and stretching the marginal skin round on to the dorsum

THE NAILS

Distoruons and growth srregulanties of finger nals are 8 common result
of direct injury to the natl but may also occur secondanly to any condition such
as infection or scar retractton which causes exposure of the growing nail base

Nail bed extends from the point of insertion of the extensor tendon mnto
the distal phalanx to a point a little proximal to the finger ttp and laterally 1t
extends far round the sides of the phalanx to the mid-coronal plane. Faliure
to appreciate the extent of the base of the nail bed 13 often responstble for its
icomplete removal and the re growth of nail fragments in amputation stumps

There 1s no distinction between nail bed and perosteum over the back of
the terminal phalanx and injuries or operations involving loss of nail and
nail bed leave the cortical bone of the phalanx exposed This generally
necessitates etther covenng the exposed area with a flap or an amputation of
the finger ttp

It takes very little disturbance of the nail bed to produce an upset in nail
growth  Loss of terminal finger pulp often with loss of the up of the phalant,
if allowed to heal by scar causes a curving of the nail growth over the end
of the bone This may be difficult to tnm and control

Damage to the termimal portion of the nal bed may cause the nail to grow
awny from the finger end and be easily broken and torn

Retraction of the skin which normally covers the proximal third of the
nail bed as varably occurs after burns of any seventy to the dorsum of the
fingers, 1s followed by onychogryphosis of a seventy dependent on the degree
of exposure of the nail base

16
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THE SUBCUTANEQUS TISSUE

On the flexor surface of the hand this consists of a layer of granular fatty
tissue which 18 subdivided nto compartments by fibrous septa. These anchor
the surface skin to the well-developed palmar aponeurosis and the fascial
sheaths of the fingers Thus fafty tissue 1s deficient under the flexion creases
and over the thenar erminence.

The subcutaneous tissue on the dorsum, however, contamns little fat It
conusts of a thin layer of loose areclar tissue separating the skin from the
extensor tendons and therr synovial covering, permutting free mobility of the
skin over deep structures. Because of this Joose attachment, the dorsal skin
18 easily avulsed when caught up 1n the machines of modern industry

THE FASCIA

This has been extensively covered 1n other works and has received more
recent attention by Jamueson! It 18 of hittle 1m
portance 1n relation to 1njury and repar and we do
not propose to claborate on it here

It may, however be pertinent to mention that
changes clinically 1dentical with those of Dupuytren s
contracture are not uncommonly prectpitated by injury
We have noted this most commonly mn mddle aged
people whose fingers are immobihised for any reason
It1s surely more than comncidence that we have observed
these changes following immobilisation for tendon
injuries, fractures, sepsis and a vanety of other surgical
conditions which may or may not be localised within
the hand 1tself

THE BLOOD-VESSELS

The close relation between the main blood vessels
and the nerves to the fingers deserves emphasis  This
i};&c association means that, n cuthng 1njuries

ere one 15 dvided the other 13 usually also
?rl:dcd and 1t may be that some of the so-called
’ phrc changes associated with division of these
a;m: are at least in part due to direct damage to the
1‘t].lm:cnt blood vessels and the sympathetic fibres

ated to them (Fig. 10) The same proximity of
m l:rtllguzncsrsnellrsm ttaﬂls,olm:mec}ns that nerves can easily be severely damaged
contres and caniy depang\ : :‘:tery forceps to control bleeding n first aid

‘J:mban.l Gardner (1950-51). The fasclal spaces of the palm, Brit J Swy 38, 150
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When one of the two main digital artenes remains intact i injurfes
to the fingers there 15 never any doubt about the viability of the finger
When both vessels are divided or otherwise damaged as tn the case of clectne
burns the perpheral finger circulation 1s always sluggish, and 1f there 1s at
the same time much soft tissue and bony damage peripheral gangrene
13 common. The ntegnty of the neurovascular bundles has much bearng
on decisions relating to pnmary
finger amputations. Even 1if a
doubtful finger sunives the col
lateral circulation may remain
sluggish and contribute to sub-
sequent trophic changes  Injuny
to any of the major vessels
proximal to the fingers rarely
gives nise to doubts about
viability except where soft
tissue damage 1s circumferential.
Sectton of both radal! and ulnar
artenes on the front of the wnst
1S not uncommon 1n cutting
myuries  and  the  collateral
crrculation 1s always adequate

THE NERVES

The classrcal cutaneous dis~
tribution of the three marn nerves
concerned 1n the sensory supply
of the hand and the pattern of
anmesthesia that results from their
injury ace well known (Fig. I1
A and B) It s necessary (o

Fro. 1t stress only a few pomts of
The wwal patterns of srcesthesia resutting from pmc[m[ tmportance.
Jesions of A median nerve, B, ulmar nene The classical descniption

ford rmad [ Amplree ) &l )
(Salerd o v docs not always prevarl and

vanations in the penpheral distribution of the median and ulnar nerves are of
paruculae clinical significance. It sometimes happens that the ulnar nene
carries more fibres and the median Jess and under these arcumstances section
of one or the other will produce an unusual pattern of an<sthesia which may
appear confusing unless the state of affars 1s realised The common vanations
are scen when the ulnar supplies two or 1wo and a half dipts nstead of

f (Fig. 12, A and B)
o I‘:n: gf 'stc( m%porzﬁncc to remember that the dorsal branch of the ulnar
nene 1s piven off and passes dorsally well above the wrist level 1t 1s therefore
generally spared when the ulnar nerve 1s divided at the wnst  For this reason
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1t 18 common 1n the course of clinical exammnation to have the patient react to
a stimulus which 1s carelessly applied along the side of the hand and little finger
Spaning of the palmar cutaneous branches of the median and ulnar nerves
may also cause confuston, although the common tnyuries usually mvolve these
as well as the man trunks
The part played by the
radial nerve in the sensory
nervation of the hand s
vanable and of Ltte im-
portance to surgery Even
its complete division leaves
only & small area of absolute
anwsthesia on the dorsum in
r region where such loss s
magrficant  In any case
the nerve has already divided
mto n number of peripheral
branches, and it 13 unusual
for ail of these to be cut
n cases of injury at the

)

wnst or n the hand fu: .g
It 15 quite extraordmary s
how unreliable we can all be =52

i estimating  whether 2
major nerve 1s or 18 not
mvolved 1n any injured hand,
The fault invarably can be
traced either to quichly
forgotten anatomy or to
shipshod roethods of chinical
exapunation

A

On the motor side a FnB "
simular reciprocal vanation
can also occur in the dis- ”:mmwdmm"""
tnbution of the two main A Js mare commoa than B,

(Shapferd— Joermal of Awotwmy b ol. 53
nerves  This concerns the

mnervatron of the lumbrical muscles, the first dorsal interosseous and the
intninsic muscles of the thumb  The second and even the third lumbncal may
be supplied by either nerve, and this will determune whether the middle and
nng fingers partrcipate in the partial clawing deformity of an ulnar nerve
lemon  The first dorsal interosseous 18 not uncommonly supplied by the
median nerve and climical tests of ulnar nerve function based on the action
of this muscle are unrehable

In cases of median nerve paralysis a further mportant consideration arnses
as 1o whether the ulnar nerve does or does not supply any portion of the thenar
musculature which passcs to the radial sesamord of the thumb  If it does, then
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some degree of opposition of the thumb metacarpal 1s achicved by a combined
action of these small muscles with the flexor pollicis longus, and the resulting
disability 1s mmmmal  If it does not then the thumb metacarpal cannot be
brought away from the line of the fingers and rotated into any degree of
opposition and a very considerable handicap results  Very occasionally the
ulnar nerve supplies the whole of the thenar musculature, and a median nerve
injury at the wrst causes no demonstrable motor loss

Such vanations make for some difficulties in the 1nttial dragnosis of median
and ulnar necve mjunes and 1a a proper assessment of therr regenerntion

The median nerve gives off its termuinnl branches under cover of the flexor
retinaculum It 18 so well protected in the carpal tunnel that it 1s not often
directly injured 1n this region although anything which ncreases the tension
within this confined space may produce the compression changes referred to
as “ carpal tunnel syndrome.” The nerve 15 usually damaged at or just above
the wrist where 1t hies close to the surface, particularly 1n those people who do
not possess a palmans longus At this point it emerges from under cover of
the flexor digitorum sublioms and lies to the radial side of the tendons of this
muscle Here 1t is often confused with the tendons. Certamnly it 1s much the
same size as the tendons, but there the similanty ends  Its colour 1s different
11 13 dull where the tendons are shiny and ghstemng, 1t has a small vessel running
on ity ventral surface where the tendons have no such vessels and the * feel
of the two structures 1s entirely different  Moreover when tendons and nerves
are divided the nerve can be readily identified by the tassel of nerve fascicull
which bulge from its cut ends  Even if sull in doubt 1t 1s a simple matter to
deterrmune that the proxumal ends of the tendons emerge from muscle bellies
and the distal ends when pufled on move appropnate finger foints.

Beyond the carpal tunnel (Fig. 13) the terminal branches of the median
nerve fan out to thetr distribution accompanied by the common digital branches
of the superficial palmar artenal arch  The motor branch from the median
nerve passes almost immediately into the short muscles of the thumb alter
leaving the tunnel and may be mjured by a carelessly placed incision at this
pomnt At first the two digutal branches to the thumb hie close together and for
some distance are more on the flexor than the lateral surface of the thumb close
by the tendon sheath of the flexor pollicis longus. Here all three structures
lie in a groove which separates those of the short thumb muscles which pass to
the radual sesamoid bone from those which pass to the ulnar sesamoid  Beyond
the metacarpo-phalangeal josnt the nerves make their way farther round towards
their respective sides of the thumb

The digital nerve to the radial side of the index finger 1s particularly
suscepible to damage from superficinl cuts on the radial side of the palm ~ As
it passes distally to gmin the radial side of the ndex it Lies subcutancousiy on the
fleshy belly of the first lumbrical where there 15 no well-developed aponeurosts
to cover st At the base of the finger this particular nerve lies much more on
the ventral surface and nearer the midline than do the other dipital nerves
This fact must be taken into account in designing tncistons or rmsing flaps
Cutting myuries 1 the region of the second metacarpo-phalangeal joint extending
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from the flexor surface around the radial side of the hand frequently divide
the flexor tendons, the radial digital nerve to the mndex, the first lumbncal and
the tendon of the first dorsal mterosseous.

The next two common digital branches of the medan nerve as they pass
to the webs between index and muddle and between middle and ning fingers,

F 13
Arrangement of tendons and nerves in the palm.

lie much decper in the palm in the

spaces between the flexor tendons and
Emtcctcdlby ]t}hcc palmar aponeurosis At therr origin they Le n a plane
uupcrl’lrld mc:a}‘ to the tendons but as they pass distally they are between the tendons
o in | dc same plane  The point of division of each of these mto its two
o d?sntnl ll}gx]t;la:)ﬁnchcs varies considerably Tt 1s usually about the level of
aecompaning 112 crease and well prouumal to the pomt of diviston of the
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MEDIAN NERVE AT THE WRIST

Fo 14
The orientatlon of fibves In the medrn nerve at the = my
(Sunder,omd )
Anterior
Lateral Medal
Radn! Ulnar
Posterior

Fibres for the therar musches.

Fibres for Lhe sccond Tumbneal

Cutgncou fibres from the third intersace
Cutancous fibres from the second mterypace.

tancous fibres from the flrst mterspace  The fibres for the firt
Qu tumbrical murscle are contamed 1 thes group

Cataneoss fibres from the rrdal srde of 1he thumb
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ULNAR NERVE AT THE WRIST

%
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o 14
The orientation of fibees in the ular nerve at the wrnst.
(Sundpriond )
Anterlor
Lateral Medial
Radial Ulaar
Posterior

% Deep division of the ulnar nerve.
Cutaneous fibres from the hypothenar eminence.
Cotancous fibres from the utnar side of the little finger

@ Cutancous fibres from the fourth faterspace.



SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

As the terminal branches of the ulnar nene are more superficial and less
protected near their ongin they are more often divided 1n this region than
are those of the median  The main trunk of the nerve passes distally on the
piso-hamate lignment, medial to the ulnar artery where 1t gives off s deep
motor branch from 1its postero-medial surface  Shortly after its ongmn this
branch gives several small twigs to supply the short muscles of the hypothenar
eminence and then passes deeply mto the palm between the abductor digitt
mnimi and the flexor digiti minum It then passes mdially across the palm
deep to the flexor tendons and usually supplies 1n turn the nterossei the ulnar
two lumbricals the adductor pollicis, and that portion of the flexor pollicts
brevis which passes to the ulnar sesamoid of the thumb  Injuries to the nerve
occur not 1n the distal part of this course but close to its ongin where 1t 1s not
uncommonly damaged together with the other terminal branches of the ulnar
nerve and the more medial of the flexor tendons  Thus injury common in
children often results from falls on the outstretched hand on to broken bottles
or other sharp objects  After giving off the deep motor branch the superficial
portion of the nerve divides 1nto two branches—a common digital nerve passing
towards the cleft between ning and little fingers and a digital nerve to the ulnar
side of the little finger The former crosses superficial to the flexor tendons
of the Iittle finger and then runs a similar course to the common digital branches
of the median nerve. As the latter passes towards the ulnar side of the hand and
httle finger it crosses superficial to the abductor digitt mamimi

Beyond the ongin of the twigs to the lumbncal muscles the branches of
the medran and ulnar nerves are pure 1n type They can be readily sutured if
divided without particular regard for metrculous onentation  However when
the marn trunks of the nerves are divided at the wrst 1t 1s of great importance
to their proper surgical repatr that the ends should be accurntely onentated
and the surgeon must be aware of the posttion in the nerve of the motor fibres
at these points (Fig. 14) In the median nerve at the wrist the motor fibres
lic antenorly and are often damaged in partial lesions. In the ulnar nerve
the motor fibres lie postero-medially and can be scparated out from the rest
of the nerve for some distance This allows separate suture of sensory and
motor portions when the point of sectton 1s close to the region where the nerve
divides nto 1ts termnal branches

The surgreal approach to the deep branch of the ulnar nerve can be difficult
It ts best achieved by rmsing a skin flap by an ncision along the proximal
palmar skin crease to the ulnar border of the hand then proximally to the wnist
and laterally sn the wnst creasc (Fig. 15) The abductor and flesor digiti
mimmi can then be separated and the opponens detached from 1ts ongin to
expose the distal segment of the nerve  Care should be taken to presenve the
small branches to these muscles which may arise proximal to the point where
the nerve 1s severed  This approach to the nerve 1s designed to give proper
access for a difficult perve suture. The approach descnbed by Henry ! docs
not achieve this object so readily Henry s inciston may be an excellent one

T Henry A K. (1958) Extenslie Exporure applicd 10 Limb Swyery Ind. ed. repong, po M6
Edinburgh E. & S Llvingrione Lid.
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for dramage of the uinar bursa, but his recommendation of its use for
clective exploration and repair of a deeply placed nerve which may be
myured 1 any part of 1ts course 1S

perhaps another example of the regulation

of anatomucal thought anc}_ surgical ap-

roach by considerations of sepsis .

p In th{: fingers the digital branches of g\/z__rﬂﬁ\\‘“ \
median and ulnar nerves are prone 1o W
1jury as they lie on the sides of the flexor o 15

sheaths i front of the accompanying .. . wied for e of the deep
digntal vessels, and many cutting njuries branch of the almar nerve.

where flexor tendons are divided also

mvolve one or both of the digital nerves to that finger Close to the base of
the finger each dimtal nerve gives off a small dorsal branch but the main nerve
trunk remains as a substantial and sizeable entity night to the pulp of the finger

THE TENDONS
THE FLEXOR TENDONS

In most expositions of surgical anatomy of the flexor tendons great stress
1s 1ald on the synovial sheaths their outhines and relations Rarely one finds
reference in any detail to the anatomy of the tendons themselves and how they
function We do not propose to consider the general plan of synovial sheath
arrangement and the anatomical vanations that occur but there are certan
pomts concerning the synovial mechanism which are of importance from the
functional standpoimnt wn the surgery of repaic  In textbooks of descriptive
anatomy a sharp line is usually drawn between the synovial tendon sheaths
and the fibrous flexor sheaths 1n the finger as 1f these were completely divorced
both descriptively and functionally From the poimnt of view of reparative
surgery however we are concerned more with what part of the tendon 1s
surrounded by a loose filmy elastic medium and what part 15 surrounded by a
denser and more ngid structure  We are not interested in differentiating between
the synovial sheath and the fibrous flexor sheath in the finger—for practical
purposes they are one and indwvisible  For practical purposes, too the filmy
clastic surrounding medium extends as far as the metacarpo-phalangeal joint
and the ngid inclastic covening, the osseo-fibrous tunnel from the metacarpo-
phalangeal joint to the tendon insertion. The sigmificance of these facts 1s that
proximal to the metacarpo-phalangeal joint a divided tendon can be repaired
and can function despite some local scarnng because of the elasticity of 1ts
surroundings. Dastal to that point this 15 not feasible.

Another aspect of the tendon sheath system of some practical importance
1s the differentiation along the course of the digital theea of areas of greater
ard lesser thicheming and ppdiy  The thuckened areas constitute what has
been termed the pulley system and are concentrated over the phalanges The
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thinner areas are located over the interphalangeal joints to allow more i
of movement at these points  Whlst 1t 1s highly disxmblc to remove thc’;rtgx?g
portion of the digital theca to prevent ngid adhesions following on tendon
repair 1t 1s equally important to preserve at least some portion or porttons of the
pulley mechanism to prevent anterior prolapse of the repatred tendon,

The other aspect of the tendon sheath system which ments attention s
the mesentery of the tendon which has invaginated 1ts synovial sheath It s
through this mesentery as well as from its end attachments that the tendon
gets its meagre blood supply In the finger the mesotendon Is represented
by the vincula (Fig. 16) The vincula brevia lie in the angles between the
tendons and the bone at therr msertion  The vincula fonga form an attachment
between the postenior surface of the
flexor tendons and the posteror wall
of the tendon sheath which at thrs
point 18 synovial ined phalangeal
penosteurn. It s the ntegnity or
otherwise of the vincula which deter
mines what happens to the proumal
ends of the flexor tendons when
they are divided 1n the finger  When
the pomnt of divison 15 beyond the
attachment of the vincula and these
latter structures remain intact the
degree of retraction of the proumal
ends 1s [imited and they can usually be
found not far from the point of section
oo, 16 \:hcgathc ;‘engoné are dlv:jdcd ncarc:l-

the base of the finger and proxima!
PO o o e e 7 1% 10 the attachments of the vincula, as
commonly occurs, then the tendons

retract deeply tnto the palm  Though contraction as well as retrction occurs
over the next few weeks they are always found beyond the distal edge of the
transverse carpal ligament dunng the course of secondary exploration and
repur  Further retraction proximal to this point 1s prevented by the lumbrical
muscles
The flexor tendons are 1n two groups—the superfictal or flexor digitorum
sublimis, and the deep which includes both the flexor digitorum profundus
and the flexor pollics longus

The flexor digitorum sublinus tendons at the wrist are in two layers those
1o the middle and nng being superficia) to those passing to index and hitle
fingers  The tendons to index middle and ning fingers are all much the same
10 nize, but that to the httle finger 1s @ very thin slip Tt can easily be overlooked
by anyane who 1s unaware of its small size —a fact of considerable practical
importance which has not been given due prominence Furthermore  the
sublimus tendons are quite discrete at the wrist and have no communication
one with the other  As they pass into the palm through the carpal tunned they
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diverge towards ther respective fingers together with and superficial to the
appropriate profundus tendons until they reach the digital theca. Soon after
entering this tunnel the sublimus tendon divides mto two elements which
embrace the underlying profundus. These two diverging elements are retnited
behuind the profundus i the region of the proximal interphalangeal joint before
contmuing to their msertion along the lateral aspects of the flexor surface of
the muddle phalanx over a considerable part of its length  These nsertions of
the sublimis tendon lie tmmediately 1nside the attachment of the digital theca

Therr nature 1s of considerable practical 1mportance because cutting mjurics
involving the tendon are common at or Just distal to the muddle skin crease of
the finger At this pomt 1t 1s common to find that the profundus tendon 1s
completely divided and retracted towards the base of the finger while the two
elements of the sublimts tendon are divided beyond the point of commencement
of therr linear insertion It 18 immatenial whether the proximal portton of the
sublimus 1nsertion which starts at the joint capsule of the first interphalangeal
joint, 18 referred to as the vinculum breve or whether 1t 13 regarded as part of
the true tendinous insertion—the effect 1s the same  The result is that the
sublimus tendon retains the proximal portion of 1ts insertion and 1s still capable
of a degree of functton which largely depends on the amount of residual scar
in the joint region.

The complete encirclement of the profundus tendon by the two clements
of the sublimis 13 noteworthy, for the diameter of the tunnel so created 13 just
such as will allow a normal profundus tendon to slide through 1t 15 obvious
therefore that any repair of a profundus tendon at or just distal to this tunnel
with 1ts resulting reaction at the powmnt of suture will mean that the repaired
tendon jams tn the tunnel and becomes adherent at this point It 1s sometimes
necessary in certain operations of tendon transposition to detach the sublimis
tendon from 1ts insertion withdraw 1t 1n the palm and use it as a motor umit
for some other purpose. It must be realised that this cannot be done successfully
without a great deal of unnecessary trauma unless the pornt of cross union of
the sublimis clements behind the profundus and the vinculum longum which
anchors the tendon at this point are also divided before the withdrawal 1nto the
palm 1s attempted

The purpose of the flexor digitorum sublimus 1s clear 1n that its prme
function 13 flexion of the proumal nterphalangeal jomnts of the fingers. From
the position of full finger extension through the normal range of flexion of all
finger joints and with the wnst straight the excursion of the sublimis tendons
or the proximal displacement of any fixed point of the tendon 1s 2 8 cm. 1n
an average man  While this is undoubtedly the normal and powerful action
of the sublimus, its absence from 1njury or surgical removal produces little or
no significant alteration 1n the function of the hand It has been stated ? that
normal finger flexion with both sublumis and profundus ntact, starts at the
proximal mterphalangeal joint gnd then extends to avolve the distal joint,
whereas if the profundus alone 15 workang the reverse occurs.  Whlst this may

*Wood J 19
g:g)(“ 2).  The Principles of Amatomy ar scem In the Hamd  London Baillére
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appear theoretically sound we have nevertheless frequently demonstrated that
1t 15 quite impossible clinreally to make any such distinction if a patient 1s ashed
simultaneously and siowly to clench both hus normal hand and a hand which
the flexor digitorum sublimus has been removed  For this reason there seems
hittle justification for repaining a divided sublumis tendon if the exposure and
manipulation mvolved would in any way prejudice the functioning of a profundus
tendon which 1s erther undamaged or has to be the subject of surgical repair
On the contrary it has proved sound practice to remove the sublimus tendon
under such crrcumstances

The deep flexor system contains one muscle tendon unit, the flexor polficis
longus, which 1s usually completely detached another the flexor profundus
to the index which has a vanable degree of independence and three other
clements, the profundus units to middle, nng and Itile fingers with still less
independence At the wrist, unlike the flexor sublimis, the deep layer of tendons
are all in the same plane  Again unlike the sublimis except for the flexor
pollicis longus the deep tendons are not at this point discrete entities but
consist of a number of tendinous bundles with intercommunication from one
to the other Pulling on any one of the bundles will thus activate more than
one finger  In the carpal tunnel ths state of affairs persists and it 1s not unti
they emerge mto the palm that discrete tendons to individual fingers are formed
Whilst the flexor polikcrs longus is usually independent 1t is however not
uncommon to find some cross-attachment even between this tendon and the
rest of the profundus group either tn the forearm or in the carpal tunned  Some
people are unable to flex the end joint of the thumb without simultancously
fiexing the end joint of the index. The importance of thus 1s apparent when
the flexor poliicis longus 1s severed m the thumb and retracts to such a degree
that the proximal end cannot be found easily through an incision on the
thumb  Under such circumstances the tendon must be isolated at the wrist
withdrawn and then re threaded to the thumb  This mancuvre is occasionally
hampered by the type of cross-union described within the carpal tunnel and
much damage can be done to the tendons if the reason for such hold up Is
not recognised

A further pont of practical mterest lies 1n the ongin of the flexor pollicis
longus tendon from us muscle belly  This 1s a uni pennate muscle and the
tendon arses over a long distance on the ulnar side of the muscle belly 1t 1s
tharefore a stmple matter to detach the tendon ongin from the muscle and to
remsert 1t at a lower level thus ganng up to one ch or more of additional
tendon length  This may be valuable in placing the pont of repair of a divided
flexor pollicis longus close to the nsertion of the muscle nstend of at the
common point of section 50 obviating the cffects of adhesion proximal to the

ngeal joint
mtcrg?;a‘lawgeag out 1n the palm towards the fingers the profundus tendons fie
deep to the sublinus untit they enter the digital theea where they pass through
the tunnel formed by the sublimis over the proumal phalany In this repion
they become superficial  Ther nseriton 1s into the base of the dista] phatanx
beyond the capsule of the distal interphalangeal joint to which they are looscly
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appear theoretically sound we have nevertheless frequently demonstrated that
1t1s quite impossible climcatly to make any such distinction if a patient 15 asked
simultancously and slowly to clench both his normal hand and a hand 1n which
the flexor digitorum sublimus has been removed  For thus reason there seems
Iittle justification for repainng a divided sublimis tendon if the exposure and
mampulation involved would 1n any way prejudsce the functioning of a profundus
tendon which 1s either undamaged or has to be the subject of surgrcal repair
On the contrary 1t has proved sound practice to remove the sublimus tendon
under such circumstances,

The decp flexor system contamns one muscle tendon unit, the fiexor pollicis
longus, which 1s usually completely detached another the flexor profundus
to the mdex which has a vanable degrec of independence and three other
elements the profundus umts to middle, ring and lttle fingers with still less
independence At the wrist unlike the flexor sublimus, the deep layer of tendons
are all in the same plane Agam unlike the sublimis except for the flexor
pollicis Jongus the deep tendons are not at this point discrets entities but
consist of & number of tendinous bundles with intercommunication from one
to the other Pulling on any one of the bundles will thus activate more than
one finger In the carpal tunnel this state of afairs permsts and it 1s not until
they emerge 1nto the palm that discrete tendons to mdividual fingers are formed
‘Whilst the flexor pollicis longus is usually independent 1t 1s however, not
uncommon to find some cross-attachment even between thus tendon and the
rest of the profundus group either 1n the forearm or in the carpal tunnel  Some
people are unable to flex the end jomt of the thumb without simultancously
flexing the end jomnt of the mndex. The importance of this 1s apparent when
the flexor pollicis longus 1s severed 1n the thumb and retracts to such a degree
that the prowmal end cannot be found ecasily through an mncision on the
thumb  Under such circumstances the tendon must be 1solated at the wrist
withdrawn and then re threaded 1nto the thumb  This manceuvre 1s occasionally
hampered by the type of cross-union described within the carpal tunnel and
much damage can be done to the tendons if the reason for such hold up is
not recognised

A further point of practical mterest lies in the ongn of the flexor pollicis
longus tendon from s muscle belly Thus 13 & un-pennate muscle, and the
tendon anses over a long distance on the ulnar side of the muscle belly It 1s
therefore a simple matter to detach the tendon omgin from the muscle and to
remnsert 1t at 2 lower level, thus gamning up to one inch or more of additional
tendon length  This may be valuable m plactag the pomt of repair of a divided
flexor pollicis longus close to the insertion of the muscle mnstead of at the
common potnt of section, so obviating the effects of adhesion proxumal to the

n; oint.
mtcrgl;a[lﬁ;ﬁl; out 1 the palm towards the fingers the profundus tendons lie
deep to the sublmus unul they enter the digital theca, where they pass through
the tunnel formed by the sublimus over the proximal phalanx. In this region
they become supecfical  Therr tasertion 15 into the base of the distal phalanx
beyond the capsule of the distal interphalangeal jornt to which they are loosely
n
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attached by the vinculs brevi. The excursion of the profundus tendons
the movement of full flouon of the finger 18 3 3 cm 10 an average man

The precise ongin of the Jumbrical muscles from the profundus tendons
16 n further pomnt of note  These lntle muscles, four m mumber anse directly
from the profundus tendons nt the level of the distal edge of the transverse
carpal igament. The first anses from the radial side of the tendon to index,
the second from the same side of the tendon to middle, while the third and fourth
anse from the adpcent sides of the tendons to middle and nng and nng and
little fingers respectively  As each muscle pushes its way out through the
synovium surrounding the tendon 1t carries a prolongation of this sheath
and passes distally on the tachal side of its long flexor tendon deep to the
neurovascular bundle. Its small tendon crosses the laternl aspect of the
metacarpo-phalangeal jont to gain mertion nto the radial side of the
common extensor expansion to the partcular finger These muscles, apart
from their pnmary function of flexing the metacarpo-phalangeal jonts also
have some action m extending the interphalangeal jomts. They form an
intimate connecting fink between the fiexor and extensor systems of the fingers
The mportance of this connection and 1ts stabthinng effect 1n relation to posture
and the co-ordmaton of finger movements 15 something that cannot readily
be analysed. Nor 18 1t of any great value to attempt to break up the intricate
movements wnto their component parts, for m so domng we achieve only 8
rationalisatton of & subdivision of movements which does not exist in reahity
It should also be noted that if the lumbricals remain intact when the profundus
tendons are divided distal to their origin they himut the degree to which tendon
retracion can occur  Under such circumstances the proximal ends of the
drvided tendons will be found distal to the carpal tunnel even though years
may have elapsed since the myury

THE EXTENSOR TENDONS

On the dorsum of the hand the extensor tendons are separated from the
surface only by thin skin and a layer of loosc arcolar tissue At the wrist they
are protected by the extensor retinaculum but distal to this they are frequentlv
cut  Such injunes occur particularly in the metacarpo-phalangeal and
mterphalangeal joint regions when the fist 13 clenched and the tendons tightly
stretched over the back of these jomts

The tendons are disposed across the dorsum of the wrist for the most part
m a single layer despite thewr vanied planes of ongin 10 the forearm (Fig. 17)
Beneath the extensor retmaculum they he 1n a series of separate compartments.
The most radinl of these, lying over the styloid process of the lower end of the
radiy, contams the abductor policis longus and the extensor pollicis brevis
The former 15 inserted into the base of the first metacarpal and the trapezium
but tendimous fibres also frequently pass into the abductor polliis brevis
Some degree of patmar abduction of the thumb can then be achieved by medium
of these fibres 1 cases of median nerve paralysis. The tendon of this muscle
1% sometimes 1 two portions, which may lead to confusion 1n 1dentification
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The extensor pollicts brevis 15 a thin tendon which runs alongside the abductor
polhcis longus and then along the dorsum of the thumb to be mserted 1nto the
base of the proximal phalanx  The extensor pollicts brevis 18 the only efficient
extensor of the proximal phalanx of the thumb and if 1t 1s cut the extensor
pollicis longus cannot reproduce this action effectively even with the assistance
of the abductor pollicis longus to stabilise the metacarpal It is often cut
together with the extensor pollicis longus
over the dorsum of the metacarpal or
together with the abductor pollicis
longus at the wnst level, and i both
situations 1t must be repaired as well as
the larger tendon which 1t accompanies,
or the resulting movement of thumb
extension will be mnadequate (Fig. 18)
The second compartment 1s occupted
by the tendons of extensor carpi radialis
longus and brevis as they cross the wnst
to the bases of the second and third
metacarpals
The extensor pollicis longus occupies
the third compartment on the ulnar side
of Lister s tubercle It then turns sharply
radally across the wrist extensors to its
msertion 1nto the base of the terminal
phalanx of the thumb Ths tendon 1s
commonly injured over the back of the
metacarpo-phalangeal jomt  together
with the tendon of the extensor pollicis
brevis as mentioned above  The extensor
pollicts longus when cut at or proximal
to this regton may soon retract well up
o onu:do:':xgnmoef:lll:eﬂm mto the forearm It 1s easily repared
pnmarily but secondary direct repair
may be impossible even if attempted withm a few weeks of mjury
The fourth compartment at the wnst s occupied by the extensor dipitorum
communis overlying the extensor sndicis proprius  In this region the extensor
communus 18 not yet completely separated mnto its component tendons. The
extensor digii munim occupies the fifth compartment over the dorsal surface
of the infenor radio-ulnar joint and the final compartment 1s for the cxtensor
carpt ulnans 1n the groove between the head and the stylotd process of the ulna
On the dorsum of the hand all tendons passing to the fingers come to lie
in the same plane, so that the extensor mdicis proprius lies along the ulnar
side of the common extensor tendon to the index and the extensor digitt mummu
has a similar relation to the common extensor tendon to the httle finger
The two extensor tendons to index are independent structures as far as
the metacarpo-phalangeal joint  Beyond ths they have a common attachment
30
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and are mdistinguishable in the extensor expansion over the dorsum of the
finger  The extensor tendons to the ulpar three fingers however are united
proximal to the metacarpo-phalangeal jomts by lateral expanvions known as
the vincula accessona  Occasionally such a band also jomns the common
extensors of nuddle and index but 1t 13 never as well defined  The arrangement
of the extensor tendons to the ulnar three fingers 15 somewhat vanable
Somettmes there s no common
extensor tendon to the little finger
thts being represented simply by one
of the vincula passing from the
common extensor to the nng finger
across to the extensor digitr mummi
The common extensor to the rmg
finger may be single or spht nto
two or three portions The degres
and situation of 1ts communication
with the tendons to middie and httle
fingers are vanable

Whatever their arrangement on
the hand the tendons to each finger
are fused into 8 broad expansion
over the knuchles Here the expan-
nion gives off from each side at nght
angles a broad sheet of fibres which
passes around the mnde of the
metacarpo-phafangeal jont to blend
with the joint capsule These broad
sheets, sometimes referred to as
hoods cover over and conceal the
important collateral ligaments of the P
Joints  From the deep surface of The effect of oss of acthon of the exfemsor
the expansion just beyond the joint B pollli:hn tendon
some fibres pass to an msertion at €xLensoT pol longus and extensor pollcks
the base of the prowimal phalank. ooy oy ot oy e oty of

extensor

Beyond this the extensor expansion fmabiity ﬁgm‘%m T the abduction
becomes thinner and flatter and position.

separated from the phalongeal penosteum by only a thin layer of loose arcalar
tusue  Under certamn circumstances of prolonged immobilisation sepsis or
@dema this loose ghding planc 15 replaced by a plane of fixed adhesion
between tendon and bone This accounts for much of the disturbance of
posture and function associated with such conditions  Over the proximal
phalanx the expansion 1s spht into three portions  The central ship 15 serted
into the base of the middle phalanx whilst the two laterat slips, jomed 1n tumn
by the tendons of the nterosser and the lumbricals, pass on over the middle
ppham:nn( where they reunite before being inserted nto the base of the distal

anx
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The Actions of the Extensor Tendons —The abductor polliais longus abducts
the thumb metacarpal 1n the same planc as the hand. It also has a powerful

Fo 19

of maxy yeary standing with comrpiets losa of
Amdmm&eéﬂmdmu

g g sttempt to straighten the fin produces only hyper
A m‘ﬁnhe Mwl Jotots.

B As s00n as the metackrpo-

\ Jounts are fled the
fingers can be at the Joints.

coatrol the degree of metacarpo-
qmmd-mqﬂgl%‘

‘WT1S! THTVI n
action in abducting the t In cases of median c pamlygs 1t :(,loﬂl‘l
ymportant element in the trick movements which may simulate true oppos!
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Thus 15 because of its frequent attachment to the abductor poilicas brevis and
1ts ability to combine with the adductor pollicis in displacing the thumb
metacarpal towards the palm

The extensor poilicia longus not only extends the end jornt of the thumb
and to © lesser extent the metacarpo-phalangeal joint, but it also brings the
whole thumb dorsally and towards the ulnar mde so that 1t lies close fo
and 1 the same plane as the mdex  This posiion not of abduction but of
adduction 15 of some smportance in 1mmobilismg the thumb followsng
njuries to this tendon.

The actions of the long
extensor tendons to the fingers
are complex Their prime
function 15 extension of the
metacarpo  phalangeal  joints
Extension of the interphalangeal
Jomts 15 pnmantly a function of
the 1ntnnsic muscles through
their nsertion into the lateral
slips of the extensor expansion
The long extensors, however, are
capable of limited actron n
extending the interphalangeal
jomts provided the metacarpo-
phalangeal joints are stabiised
n some degree of flexion  With-
out such stabiisation even the
most powerful contraction of the
long extensors will succeed only
1n hyperextending the metacarpo- Fto 20
phalangeal jomnts and have little T2 offect m‘:&m expunsion ln the
or no cffect on the nierphalan A, Tho charscterisik hich follows
geal Joints (Fig 19 4 B and c) wmﬂﬂﬂunﬂddkﬁlp;rjpoﬁtbeub:;ﬂ
This can readily be demonstrated B, The nonmal movement n the opposite hand,

1 cases of combsned median and

ulnar nerve section at the wrist I a sphnt 1s devised for these cases, which
will prevent hvperextension of the metecarpo-phalangeal jomnts then the
nterphalangeal jomts can be extended by the long extensor tendons.

Because of the vincula accessora, section of one or more of the tendons
proximal to the metacarpo-phalangeal jounts may not be clearly demonstrable
chineally  Beyond the vinculn cuts n the knuckle region result 1 an exaggerated
flexson posture at the metacarpo-phalangeal jomt.  Any attempt to extend the
2;]\83;” mulm only znda chnr;hctcnsuc effect of increased flexion at the metacasrpo-

angeal joint and strarghtening of both di
winnsic muscles (Fig. 20 A and B% stal jomnis by the action of the

It 15 sometimes stated ! that when the metacarpo-phalangeat Jont s fully

Couch.  Swrpery of the Ham!  Totonto Unhernty Press,
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

extended extension of the interphalangeal joints of the finper can only be
achieved by the long extensor tendon the lumbncal and interosseous system
only producing extenston of these joints n a flexed position of the metacarpo
phalangeal jomnt  This thesis 1s not substantiated 1n practice and any chnical
tests based on this assumption must be erroncous  Either system can extend
the interphalangeal jomts no matter what the posture of the metacarpo-
phalangeal jomnt but only if the other system 1s mntact. Each requires the
integrity of the other to fix the metacarpo-phalangeal jomt so that s
action 1s not lost on moving this jomnt. Thus 1t 15 that 1n an ulnar nerve
paralysis there 1s hvperextension of the metacarpo-phalangeal joint and loss
of extension in the interphalangeal joints when the small muscles are paralysed.

The necessary composite action of the two systems 1s also demonstrated
by the curious and typical movement produced by attempts at extension of
the metacarpo-phalangeal joint when the long extensor tendon 15 cut, a5
already described

Most mustakes of interpretation anse by trymg to sepamate the functions
of the long extensor and small muscle mechamisms when indeed, they are
complementary and mseparable

In addition to these actons m extending the fingers the long extensor
tendons are capable of some degree of abduction at the metacaspo-phalangeal
jonts producing a fanning out of the fingers This actton which 1s opposed
by the action of the long flexor tendons which tend to adduct as well as flex,
may produce trick movements simulating the actions of the interosser when
these are paralysed 1n ulnar nerve lesions.

The extensor tendons, unlike those on the flexor surface are flat and not
rounded They have differentiated synovial sheath arrangements m relation
to their passage across the wrist under the extensor retinaculum. Beyond this
they are surrounded only by a loose filmy pamtenon Their proximty to the
surface and to the underlying bone or jomnt exposes them not only to myury
from without but also to damage and subsequent adheston in the case of
fractures of the metacarpals and phalanges The excursion however 1s short
and adhestons therefore of less importance than in the case of flexor tendons.

THE JOINTS

The successful restoration of function to an infured hand depends more
upon the free active range of the metacarpo-phalangeal joints than on anv other
factor  Apart from the usual circumferential capsular arrangement each
metacarpo-phalangeal joint has two well-differentiated coflateral hgaments
(Fig. 21) These pass from a small pit well back on the side of the metacarpal
head distally and oblhiquely forwards to the side of the proximal phalanx Thrs
direction means that the ligaments are tight in flexion #nd slack 1n extension.
Jt can be readily demonstrated that lateral movement of the joints 15 much
freer when the fingers are extended than when flexed due mamly to the
varying tension of the collateral hgaments If the metacarpo-phalangeal
joints are immobilised 1n extension for any perod these hgaments contract

k=
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the fingers 1s hmited
50 that even m extension abduction and edduction of
and flexion of the jownts 1s no longer possible  This state of affairs 15 commonly

Fa 2

The lateral lgament a(u\‘he metacarpo-phal 1 jolnt B
s

and substantial structure.
a window dissection
peobe

the index finger and the

Hero it has been

on the mdial side of
pawed beneath it

seen in relation to burns of the hand and other myunes where immobshsation

m extension bas been allowed to contimue
for too long. Another factor responsible
for the efficiency of the mechamsm for
stabiising the metacarpo-phalangeal jomts
when the fingers are fleved w8 posmtton
for fine finger up control 1s the shape of
the articular facet on the metacarpal head
As this 13 wider anteriorly than posteriorly
the jomnt surfaces fit closer together in the
fiexed position than in the extended position
(Fig 22)

The interphalangeal jolnts have a
sundar capsular arrangement  bui  the
opposing bony surfaces are such that lateral
movements are very hmited  Prolonged
immobilisation 1n extension leads to limita
tion of flexion more because of extensor
tendon fixation than because of higamentous
contraction  Long-continued flexion posture,
as m the case of small muscle paralysis
or conditions such as Dupuytren s
contracture leads to anteror capsular
contraction  This 1s generally permanent

Fo 21
An open metacarpal folnt viewed end on
The head of the metacarpal s broader
anteriorly w0 that the fit of the jont
beoomes firmer in fexlon.

even though all other factors concerned 1n the deformuty are relieved
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CHAPTER HI
ORGANISATION IN RELATION TO HAND INJURIES
GENERAL CONSIDERATIONS OF ORGANISATION

HE necesty for sound orgamisation must be regarded as a pnncple of
I modern surgery  Surgeons can no longer stand 2loof to administratve

arrangements or political trends wiuch mduce compromuse in the proper
organisation of their work It 1s casy to reman shut off from such matters
under the delusion that our only concern 15 with the professtopal care of the
sick and wyured  To accept compromuse n organmsatton 1s tantamount to
accepting compronuse 1n standards of treatment, for the proper care of pattents
to-day requires admumstrative arrangements based on surgreal  principles.
Surgeons who alone can appreciate the importance of these pnnciples must
nsist upon their observance

Under the conditions that comumonly prevad all surgeons have frequently
to make concessions because of shortcomings of organisatron—a daily rernder
of how far present hospital orgamsation 15 short of techmical advances 1
surgery  Life long campagn aganst the necessity for such compromuse 1s
therefore a responsibility of surgeons

We say this not m any wmrealistic attempt to gan for a particular branch
of surgery & place m the sun but rather to place hand surgery m its rght
perspective It 15 fully realised that the competing demands of all facets of
practice must be correlated  That, however, 15 an admimstrative matter
which local practical considerations nught outwegh surgical pnnciples.  We
repeat, however, that it 1s only by keeping organisation sbreast of surgwe!
progress that its advantages accrue to the mass of patients

The age of wdividualism covering the whole field of surgery 13 succeeded
by the era of close team work with its many advantages. Integration of know
ledge and cffort by thorough orgamisation 15 an antidote to the criticism, oft
vented, that surgery 1s becoming over fragmented and surgeons over-speciahised.
There are obvious dangers 1n the over-development of speciahist treatment
\pherent 1n the very nature of medical practice, but 1t must be accepted that
most modern developments of surgery are due to widespread recogmtion of
the fact that idwvadual surgeons can no longer hope 1o be equally proficrent
in all branches of surgery Whilst, however the development of separate
branches 1 relaton to the common stem of medical practce 13 penesplly
accepted and the advantages recogmsed, 1t 15 not 5o widely understood that
ancillary services and hosprtal facihittes must simultancously deveiop nmilar
offshoots Most specaal developments of practice require a skitfed team working
under conditions primanly adapted to the particular nature of the work and
pot to some common irend of hospital orgamssapon  Ths implies case

segregation which 1n turn 1s 8 principle of modern surgical arganisalion

Where hand mjunes are concerned, such arc the humanitarian unnt:

ecanamic 155ues at stake to patients that the personal and party consideratto
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

1s necessary at all stages and for all cases  1f work 1s well done 1n an mstituty
students will be well taught by precept and example

Certain traditions of hospital admunistration rather than of ideal
practice frequently hinder the efficient management of hand mnjurres. C
of these lies 1n & ngid division of in patient and out patient classification
this system certain facilities of theatre and personnel are available to a pati
ooly if he 1s admitted to a hospital bed. Otherwise s surgical care, no 1
mmportant must be carmed out under incomparably infertor conditions 1
busy casualty or out patient theatre where hand mjuries form only part
the well known malée of petty sepsis and the hundred and one other emerger
problems of a busy hospital  Not unti} every hand injury 1s admutted to !
care of some responsible surgeon under common basic conditions will t
handicap be rehieved.  Afier primary treatment 15 completed the patent m
or may not be retamed m hosprtal.  That should be the surgeon s decision,
be made afier and not before treatment 18 undertaken

The reorgamsation of facilities and of teaching i the casvalty departmt
of Guy s Hospital London, thows a recognition of the necessity for adaptats
to the modern needs of proper finite treatment of all hand iyuries™ ? Ths
& highly sigruficaat trend 1 & famous teaching hosputal.

Under existing conditions it 1s generally difficult to get a patient admtt
to hospital but once admutted 1t ts often more difficult for lum to be discharg
that same day or perhaps cven the next day This s a matter of admunistratt
which surgeons could well break down  Furthermore, under preval
conditions 1t 15 left for a junior man to decrde which cases should be admutt
to the care of a senior man and which he will undertake himself In an 1dt
set up 1t 18 the reverse which would apply

Primary treatment of hand injunes should be undertaken only where the
are proper operating theatre facilities  Any shunting of cases or unnecessa
handling which delays access to such facihties 1s wasteful both of effort &
precrous time for the timely application of primary treatment ranks next
importance fo the standards of that treatment. Within reasonable hmi
however ttme 1tself can be no ready excuse nowadays for the conduct
primary treatment under unsatisfactory makesmift conditions. The genet
dnft of this work to hospial practice 1s therefore ncvitable because 1t 1s Ng!

First asd care, casuslty management and defintive hosputal treatme
must all be adapted to these prnciples

FIRST-AID INSTRUCTIONS

Employers to-day realise the importance of proper first ard and medic
care of their workers so that any factory of size has special facthities and train
personnel for first asd. The St Johns Ambulance teaching has rendered
notable service n this field and will continue to do so

Clrkwn, Patnck (1951).  The training of dresecrs in tissue crafl.  Lawee? 1 1242
s Clarkson, Patnck (1548). Out-petient armangements and accident senvices  Gurx foxp O
st July
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

The indications of pam should be met. Shock should be noted and treated
if present.  The possibilities of other njuries especially considered 1 relation
to cause of injury must be properly excluded by routine exarmmation, Every
endeavour should be made by casualty orgamsation to prevent unnecessary
iterference Multiple examunations by casualty doctor remstrar  house
surgeon and surgeon are to be deprecated

Fra. 23

Theatre &r
precision

omust be {ve to
surpery  Order freedom of movement, good Lighting and an
atmosphere of relaxation provide these conditions.

OPERATING THEATRE ARRANGEMENTS

Theatre arrangements for hand surgery do not require to be claborate
(Fig. 23) but must be precise and orderly so that an atmosphere of equanmmity
1s provided for meticulous work  An excess of the normal requirements of
personnel and equipment for hand operations becomes an impediment 10
quiet and efficient procedure, the necessary background for good work to
surgeons even of ordmary temperament 1t 1s the patient who suffers from
theatre disorder and fuss

Detmls of theatre arrangement can never be divorced from personal
considerations A surgeon an assistant a theatre nurse and an anasthetist
constitute the normally required team  Personnel above these numbers
embarrass freedom of movement and lend only a claustrophobic effect to any
long tedium of hand repair
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ORGANISATION IN RELATION TO HAND INJURIES

A qualified assistant 15 1ndispensable to most hand operations  Much
time 15 saved for the patient s benefit by one who knows the surgeon, has a
working knowledge of techruque used and who can appreciate the importance
of certain mampulations or of a posture which he might be asked to hold for
long peniods  Good assistance makes for the smooth conduct of an operation
whilst the reverse 1s soon mamfest in general irritation

The requrements of the preparation should be separately available
at the commencement of the operation A splash bowl with a Iiberal

{6 15 13 14 12

PEEE S
TRV Lk

4 5 6 7 8 %

Fra 24
The fine jortrarnents required for kand repak
These are fow but essentia]
! Hard Packer blades, Nos. 22 and 15 9 Dressing schsors,

2. Fine double skin hooks. 10. Gillies necdle holder

3 Stngke skin hooks (Gillies) 11 Pen and ink,

4. Catspaw retractors. 12. Threaded sutures (sl

S Fine non-toothed forceps (Maaindoe) 13 Bunnell's probe and tendon threader
6. Fine toothed foreeps (Glllies). 14 Gauze and dressings.

7 Curved eye scitors. 15 Mosquito hemaostats,

&, Strarght eye scistory, 16. Light Esrmarch s bandage.

supply of warm water and soap a few packs and swabs a bucket and
a one-gallon jug of normal saline are all that 1s generally required for this
purpose

All hinen, instruments and suture matenals should be available from a
single trolley under the care of the theatre nurse who should take no part 1n
the preparation of the hand

The snstruments needed for hand reparr are essennally those in routine
use by the plasuc surgeon (Fig. 24) with certain additions pertinent to the
fequirements of particular cases of tendon repair skin grafting or special
procedure  The necessary techmques of accurate suturing, atraumatic
handhing of tissues or finesse in the repair of hand structures cannot be
achieved without correct instruments and suture matensals

We have found a hand-stand of the type illustrated sn Fig 25 most useful,
and u showld be included mn the layout for al operations on the palmar aspect
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

of the hand, especinlly those mvolving tendon

repair A convenient
fixed posture can be mamtained for long penods without the 1:mhar:'(;“s.sﬂri?:ti
of extra hands 1n an already restricted field where precise control and every
possible freedom are required for accurate work

Fra, 25
The szthors kaod-tand
Thh provides excellent working conditions for many hand operations.

In conformity with the principle of continuity of management every
surgeon who performs the witial reparr of a hand should regard Tumself
responsible for its total management Details of afier-care are his personal
responsibility and the controlling organisation should be elastic enough to
permit of this  Any physiotherapy should be under his direction and
supervision  So too should rehabilitation which is an integral part of total

management.
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CHAPTER 1V

THE EXAMINATION AND APPRAISAL OF A
RECENTLY INJURED HAND

SSESSMENT of the damage to an injured hand 1s the personal
responsibility of the operating surgeon  The more mnpersonal thus
essential function becomes or the more 1t 1s delegated to others the

less satisfactory end resuits will be  Results can be spoiled by malcontented
patients 1f divided management ignores their personal considerations
Furthermore, anyone who bases hus operation on the unchecked observation
of another surgeon will often be forced to unconsidered decisions, to the
patient ¢ detnment and his own dissatisfacion  His findings at operation may
prove contrary to information and may indicate some method of treatment
perhaps even amputation whuch has not been discussed with the patient

Elgboration of the optimum plan of management for any patient involves

two strong personal factors It serves little practical value to recite to him
what can be done or has been done by other surgeons when 1t 1s the capability
and expenence of his own surgeon which 13 paramount  This in turn must
be adapted to the patient himself 1t must respect fus wishes and be ratified
by lim 1n the mutual understanding of the doctor patient relationship m its
fullest sense.

The full apprasal of a patient with a hand injury 1s ultimately achieved

by the following considerations.

THE NATURE AND CIRCUMSTANCES OF THE INJURY

Two hours ago—patient caught hand n a machine at work.  Such 1s
2 typreal bare and blunt statement so commonly found on history sheets The
mere statement of hours which have elapsed since mjury to-day means hittle
without some clear understanding of the exact nature and arcumstences of
the injury and precise information on what has been done to the hand since
the infury occurred  The elucidabon of how a particular wnjury was produced
and why it happened may be useful in diverse ways What was the position
of the hand or its state of function when the injury occurred ? Have the tissues
been subjected to gross compression types of myury? What factors have
been imvolved which would predispose to early establishment of snfection ?
Such may be found i the nature of the injury stself the state of the skin
or the degree to which meddlesome first aid or casualty interference has heen
practised whether in exploration for foreign body 1n search for cut and retracted
tendon ends, or peshaps m the enthusiastic abuse of antseptics. Al these
are factors which have particular application 1n certain types of injury
A further reason for detailed accounts of iury 1s that surgeons have some
mrxblhty m accumulating information which would facilitate accident
on.
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

THE VIEWPOINT OF THE PATIENT

There are no rules of thumb for mass management of hand mjunies  There
are many factors which reduce detaills of management to ndividual
considerations of a patient. Such are his age, his mentality whether he 1s
nght or left handed or whether he has been mjured before  We should
ascertain to what himuts the function potential of hus hand 1s extended at hus
work or his leisure—for the problems of a musician are entirely different to
those of an unskuled Jabourer Much depends also on the total seventy of
the injury for the more mutilated the hand the more important conservative
procedures for its remnants become A procedure unwarranted on a finger
of a hand otherwise intact may be of pnme 1mportance on a hand with only
two or three fingers present and possibly the other hand also injured

Furthermore, 1t 1s 1mportant to sense what 1s the patient s reaction and
attitude to his mypury  In most cases 1t causes no hardship to hear with patience
2 mans own account of his injury Thus 15 most helpful 1 encouraging an
outlook conducive to the best result in the shoriest tme, The man who is
resentful of his mjury and eager to lay blame on others or the man who 1s
self persecuting and ashamed of his injury exemplfy extreme attitudes which
require psychological help and adjustment for a healthy recovery Such
demands can more easily be met 1if the surgeon has early knowledge of them

THE CLINICAL EXAMINATION OF THE INJURED HAND

GENERAL FACTORS AND LIMITATIONS

There are two complementary fractions to the examination of any hand
recently injured beyond a trivial degree—the essential examnation prehminary
to operation and & further detarled examination which 15 better carmed out
on the anzsthetised subject or region  The pre-anasthetic exammation
essentially concerns the whole hand and its function whilst the exarmunation
under ansthesia 15 concerned with details of the wound itself

Outside an operating theatre examination of the wound should be Irmited
to the determination of what region 1s involved and what structures are suspect
so that the continuity or functional actvity of these structures can be
established or otherwise by the more simple clinical tests Any detailed
examiation of the wound itself should be withheld at this stage
detmils will be mncluded as an essential stage of operative procedures i the
next chapter

The general examination of an njured hand 1s.an easy exercise of apphed
anatomy Afier study of the region and nature of injury it should proceed
in definite order of all the anatomical structures which might be damaged
Muistakes can only anise by errors of omission at examination or by ignorance
of the speaific function of structures and the methods by which these can of
cannot be clinically demonstrated
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EXAMINATION AND APPRAISAL OF A RECENTLY INJURED HAND

In making any systematic examwation of function of an injured hand
we must be aware of the following two opposing generalities —

1 A particular movement is often much diminished or even absent when
the structure primarily responsible for that movement is Intact The common
reason for this 1s obvious Because of pam at the site of recent mmjury the
patient sattungly or unwattingly linuts the movement of neighbouring structures.
This 1s unavoidable, but 1t 1s frequently complicated by an avoidable factor
if the patient 18 not absolutely clear of what he 15 expected to do  This 15 best
overcome by demonstration rather than by explanation The surgeon should
demonstrate with hus own hand what he 15 asking the patient to do, and the
patient 1 turn should confirm this by demonstrating and, if necessary,
practising the movement with hus normal hand For example many patients
when asked to bend a finger without proper demonstration will proceed
with a rapid multuplicity of alternating and 1ncomplete flexions and
extensions of all fingers This 1s confusing, difficult to follow and often
musinterpreted It contrasts with the desired effect of one atternpt at a single
complete and unassociated movement If this 1s first demonstrated by the
patient with his normal hand not only do we know that he 1s clear about
the test but we have a useful opportumity of companson with what he
can normally accomplish as independent movement. The capacity for
independent flexion or extension of fingers 15 subject to wide individual
vanations.

In children 1n particular the effect of pain may completely prevent the
demonstration of a specific movement.

Another cause of diminished or absent movement 1s sometimes found 1n
the effect of hamatoma accumulation 1n the region of njury especrally 1f blood
collects and tracks along tendon sheaths

Jownt injuries or intra articular fractures may also mhibit movement with
intact tendons

In the case of certain nerve injuries 1t 1s well known how function may be
mpatred or absent for a varying time without anatomucal discontinuity of
nerve structure

2 A particular movement may be present In varying degree when the
Structure normally responstble for that movement Is not intact This especially
2pplies 1n relation to tendons injured 1n certain situations  Each muscle tendon
and nerve 1n the hand has a clincally demonstrable function. Such function

wever 1s not always specific to a particular structure, and 1s only clearly
defioed by clinical tests 1n cases of myury at some pomnt beyond which that
structure becomes anatorcally independent. With a wound on a finger for
example, if the patient cannot flex the distal interphalangeal joint of this finger
when the middle phalanx 1s held by the examuner the flexor digitorum profundus
tendon has been divided In the case of a wound at the wrist, however the
same tendon may be divided and yet the distal interphalangeal joint 18 often
thlablc of some ndependent flexion  This 18 because of ntercommunication
2{_ ch may exst between neighbourng profundus tendons distal to the pont

section. Admuttedly thus spurious functton may be only a weak and partial
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THE VIEWPOINT OF THE PATIENT

There are no rules of thumb for mass management of hand mjunes. There
are many factors which reduce details of management to sndwidual
considerations of a patient  Such are his age his mentality whether he 1
nght or left handed or whether he has been mnjured before. We should
ascertain to what lumts the function potential of his hand 1s extended at his
work ot his leisure—for the problems of a musician are enurely different to
those of an unskilled labourer Much depends also on the total seventy of
the myury for the more mutilated the band the more important conservative
procedures for 1ts remnants become A procedure unwarranted on & finger
of a hand otherwise intact may be of prime imporiance on a hand wth only
two or three fingers present and possibly the other hand also tmyured

Furthermore, 1t 1s important to sense what 15 the patient s reactron and
attitude to his mjury  In most cases 1t causes no hardship to hear with pateence
a mans own account of his mjury This 15 most helpful 1n encouraging an
outlook conducive to the best result in the shortest fime. The man who 13
resentful of his mjury and eager to lay blame on others or the man who is
self persecuting and ashamed of s mjury exemplfy extreme attitudes which
require psychological help and adjustment for a healthy recovery Such
demands can more eastly be met if the surgeon has early knowledge of them.

THE CLINICAL EXAMINATION OF THE INJURED HAND

GENERAL FACTORS AND LIMITATIONS

There are two complementary fractions to the examunation of any kand
recently myured beyond a trivial degree—the essential examination prelmmnary
to operation and a further detailed exammation which 1s better carried out
on the anxsthetised subject or region. The pre-anmsthetic cramination
essentially concerns the whole hand and its function, whilst the cxaminaton
under anzsthesia 15 concerned with details of the wound stself

Qutside an operating theatre examination of the wound should be hmited
to the determnatton of what region s nvolved and what structures are suspect
so that the continmity or functional activity of these structures €an be
established or otherwise by the more sunple chimcal tests. Any detailed
examination of the wound self should be withheld at this stage. Th:c
details will be mcluded as an essential stage of operative procedures in the
next chapter ¢ oppled

The general examenation of an injured hand 15.an easy exercise 0 app
anatomy After study of the region and nature of injury it should vy
in definite order of all the ansatomical structures which might be d-‘lmnm
Mistakes can only anise by errors of omussion at examination o7 by gnora it
of the specific function of structures and the methods by which these can
cannot be climeally demonstrated
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In making any systematic examination of function of an injured hand
we must be aware of the following two opposing generalities —

1 A particular movement Is often much diminished or even absent when
the structure primarily responsible for that movement is Intact ‘The common
reason for this 1s obvious Because of pamn at the site of recent mjury the
patient wittingly or unwittingly limits the movement of neighbouring structures
This 18 unavordable, but 1t 18 frequently complicated by an avoidable factor
if the patient 15 not absolutely clear of what he 15 expected to do  This 1s best
overcome by demonstration rather than by explanation The surgeon should
demonstrate with his own hand what he Is asking the patient to do and the
patient in turn should confirm this by demonsirating and 1if necessary,
practising the movement with hus normal hand For example many patients
when ashed to bend a finger without proper demonstration, will proceed
with a rapid multphaty of alternating and mcomplete flexions and
extensions of all fingers This 15 confusing, difficult to follow and often
msinterpreted It contrasts with the desired effect of one attempt at a single
complete and unassociated movernent. If this 1s first dernonstrated by the
patient with his normal hand not only do we know that he 1s clear about
the test but we have a useful opportumity of companson with what he
can normally accomplish as independent movement. The capacity for
independent flexion or extension of fingers 1s subject to wide individual
vanations

In children n particular the effect of patn may completely prevent the
demonstration of a spectfic movement.

Another cause of dimimished or absent movement 13 sometimes found m
the effect of hematoma accumulation 1n the region of ijury especially 1f blood
collects and tracks along tendon sheaths

Jomt injunes or intre articular fractures may also mnhubit movement with
ntact tendons

In the case of certain nerve njuries 1t 1s well known how function may be
imparred or absent for a varying time without anatorucal discontinuity of
nerve structure.

2. A particular movement may be present in varying degree when the
structure normally responstble for that movement is not intact This especially
epplies in relation to tendons myured in certamn sttuations  Each muscle tendon
and nerve mn the hand has a clinically demonstrable function  Such function,
however 13 not always speafic to a particular structure, and s only clearly
defined by clinical tests 1 cases of mjury at some poimnt beyond which that
structure becomes anatomically independent  With a wound on a finger for
example, if the patient cannot flex the distal interphalangeal jomnt of this finger
when the middle phatanx 1s held by the exammer the flexor digitorum profundus
tendon has been divided. In the case of a wound at the wnst however the
g’;\cb‘tcmdrm may be divided and yet the distal interphalangeal joint s often
whieh ol some mdependent flexion  Ths 1s because of intercommunication
o may exist between neighbouning profundus tendons distal to the pomnt

section. - Admuttedly thrs spurious function may be only a weak and partial
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THE VIEWPOINT OF THE PATIENT

There are no rules of thumb for mass management of hand injunes. There
are manoy factors which reduce details of management to mdwidul
considerations of a patient Such arc his age, his mentality whether he 1s
nght or left handed or whether he has been mjured before We should
ascertam to what houts the function potential of his hand is extended at hs
work or his leisure—for the problems of a musician are entirely different to
those of an unskilled labourer Much depends also on the total seventy of
the injury for the more mutilated the hand the more important conservatie
procedures for 1ts remnants become A procedure unwarranted on a finger
of a hand otherwise mtact may be of pnme 1mportance on a hand with only
two or three fingers present and possibly the other hand also injuyred

Furthermore, 1t 1s 1mportant to sense what 1s the patient s reaction and
attitude to hus injury  In most cases it causes no hardship to hear with patence
a man s own account of fus imury This 1s most helpful in encouraging an
outlook conducive to the best result mn the shortest time. The man who
resentful of his injury and eager to lay blame on others or the man who is
self persecuting and ashamed of his mjury exemplfy extreme attitudes whech
require psychological help and adjustment for a healthy recovery Sich
demands can more easily be met if the surgeon has early knowledge of them.

THE CLINICAL EAAMINATION OF THE INJURED HAND

GENERAL FACTORS AND LIMITATIONS

There are two complementary fractions to the exanunation of any hand
recently injured beyond a trivial degree—the essential exammation prehminary
to operatton and a further detaled exammation which 1s better carned oot
on the angsthetsed subject or region  The pre anesthetic cxamumaton
essentially concerns the whole hand and 1ts function, whilst the examination
under anasthesia 1s concerned with details of the wound 1tself

Outside an operating theatre examination of the wound should b¢ Himited
to the determunation of what region 1s mvolved and what structures are suspect
so that the conttnuity or functional activity of these structures an ol
established or otherwise by the more sumple cimical tests Any detal
examination of the wound uself should be withheld at this stage. '”"“;
details will be included as an essential stage of operative procedures in the
next chapter  anplred

The general exammation of an mjured hand 1-an easy €xercise O app
anatomy  After study of the region and nature of wjury it should p!

n definte order of all the anatomueal structures which might be dama e
Mistahes can only arse by crrors of omussion at examunation or by igror pt
of the specific function of structures and the methods by which these can
cannot be climically demonstrated
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In making any systematic examunation of function of an injured hand
we must be aware of the following two opposing generalities —

v A particular movement Is often nuch diminished or even absent when
the structure primarily responsible for that movement is intact The common
reason for this 13 obvious Because of pain at the site of recent injury the
patient wittingly or unwittingly Jimits the movement of neighbounng structures
This 1s unavoidable, but 1t 1s frequently complicated by an avoidable factor
if the patient 1s not absolutely clear of what he 15 expected to do  Thus 15 best
overcome by demonstration rather than by explanation  The surgeon should
demonstrate with hus own hand what he 1s asking the patient to do and the
patent n turn should confirm tins by demonstrating and, if necessary
practising the movement with his normal hand For example many patients
when asked to bend a finger without proper demonstration, will proceed
with 2 rapid multplicity of alternating and incomplete flexions and
extensions of all fingers This 18 confusing, difficult to follow and often
musinterpreted. It contrasts with the desired effect of one attempt at a smgle
complete and unassociated movement If thus s first demonstrated by the
patient with is normal hand not only do we know that he 1s clear about
the test but we have a useful opportunity of companson with what he
can normally accomplish as independent movement. The capacity for
wdependent flexon or extension of fingers 15 subject to wide ndividual
variations

In children 1n particular the effect of pain may completely prevent the
demonstration of a specific movement,

Another cause of diminished or absent movement 1s sometimes found in
the effect of hematoma accumulation 1n the region of myury especizlly 1f blood
collects and tracks along tendon sheaths

Jomnt 1njunes or mntra articular fractures may also inhibit movement with
intact tendons

In the case of certan nerve injuries it 18 well known how function may be
impaired or absent for a varying tume without anatormucal discontinurty of
nerve structure

2. A particular movement may be present in varying degree when the
structure normally responsible for that movement Is not intact This especally
applies in relation to tendons myured 1n certain situstions  Each muscle, tendon
ard nerve 1n the hand has a clinically demonstrable function. Such function
however 15 not always specific to a particular structure, and 1s only clearly
defined by clinical tests 1n cases of mjury at some point beyond which that
structure becomes anatomically independent. With & wound on a finger for
example, 1f the patient cannot flex the distal terphalangeal jomt of this finger
when the middle phalanx 15 held by the examuner the flexor digitorum profundus
tendon has been divided In the case of a wound at the wrist, however the
¥ame tendon may be divided and yet the distal interphalangeal joint 18 often
Q}Pnab!e of tome independent flexion  This 13 because of intercommunication
“f ch may exist between neighbouring profundus tendons distal to the point
ol section.  Admuttedly this spunious function may be only a weak and partial
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flexion but no weaker than 13 often noted with an mtact tendon when there
1s a pamful wound 1n 1ts neighbourhood

Continuity of synovial sheaths or atiachments may also have beanng on
the rehability of climical signs when tendons are sectioned  This 1s espeaially
noted with those tendons which have common association wath the ulnar bursa,
for 1f one of these 1s ntact 1t can produce movement through the continurty
of the bursa and the distal segments of other tendons which are severed withm
the regron of the bursa  When all tendons to middle, nng and littke fingers
are cut at the wnst 1t can be casily demonstrated how traction on the drstal
segment of a little finger tendon for example may produce flexion of all three
fingers. We have often noted the same effect produced by active movement
when one of these tendons 1s intact and the others severed A simubr
phenomenon 1s often demonstrated on the back of the hand 1n the case of the
extensor tendons because of connections by the vincula accessoria

Thus there are many fallacies to detarled climeal tests of injured hands,
and 1t must be accepted as a working principle therefore, that any wound of
the hand is presumpthe evidence that all deeper structures In the region are
severed until thelr anatomical continalty Is confirmed by clinical examination
with due regard for Its fallacles, or by operation  This has particular apphication
n relation to nerves and tendons, when the surgical indications for operative
exploration are frequently analogous to those of penetrating wounds of the
abdomen

Only 1f the above implications are realised can true value be obtained from
the ordered examination of hand function which can proceed as follows —

Tests OF TENDON FUNCTION

I The Studled Posture of Hand and Fingers —Apart from the obvious
deformations of fractures and dislocations rmuch can be learnt from a study of
the posture of an myured hand The hand 18 generally held by the patent m
the relaxed position already discussed  This can easily be demonstrated on the
patient s sound side  If any of the long tendons are severed the balance of
tendon tension which 1s responsible for the posture of a finger 1s upset and the
affected finger then lies out of 1ts normal relative alignment. If a flexor tendon 15
cut (Figs 26 27 and 28) the finger hes extended from its normal position while
1if the cxtensor tendon 15 cut it 15 more flexed than it should be (Chapter VIt
Fig. 76) Furthermore, the abnormal Iie of the ynjured finger 1s made more
obvious by passive extension or flexion of the wrist as the case may be This
15 a most reliable objecttve sign of severed flexor tendons and st 15 often the
only relable sign mn children . Much more value should be attached to this
simple observation of finger posture than 1s generally attached to the results
of diverse attempts at active movement

2 The Tendon Teasion In the Fingers —If an examning finger ip 15 placed
on the pulp of cach finger in turn and pressed ightly the flexor tendon fension
can be gauged  With a hitle espenzence in ths test 1t 15 the best objective test
of dinided flexor tendons  If roughly carmed out this test 1s panful
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3 Tests of Tendon Continuity by Movement —For reasons already given
only 1n particular situations can real value be placed on the absolute diagnosis
of tendon mjuries by subjective climical tests which involve active movement
These are as follows —

In the case of flexor tendons () In suspected 1njuries of the flexor pollicis
longus tendon 1 the thumb, 1f the patient cannot flex the interphalangeal joint

Fra 26
The effect of tendon iajary on finper postore
In thes case it is obvious that the flexor tendoms of the index finger have been
becnose of the finger which lies extended out of its normal postural relationshi
with the other fingers. Moreover the abnormal posture of the index finger
not change with (A) fiexion or (B) extenslon of the wrist

g

E

Fro 27
Tendon lajury and finger pottars
A Posture of normal hand.

B, Posture of infured hand. It fs obvious

that middie, ring, and little tendons

are cut while the thumb and Index finger
tendoms are Intect.

C, After repair of the tendony—nonml
Pposture b restored.

of hus thumb when the proximal phalanx 1s held by the examiner the flexor

polliais longus tendon 1s severed (b) With a wound on the finger if the patient

no independent flexion of the distal interphalangeal joint beyond the normal

Tecoil from hypertension, the flexor digitorum profundus tendon to that finger

‘:{“"ﬂl‘d {€) With a wound on the proximal end of a finger or n the palm

the hand 1f the patient has no independent interphalangeal movement 1n
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cither joint when the metacarpo-phalangeal joint 1s fixed by the examumer
then both flexor tendons are severed

In the case of extensor tendons these too can only be diagnosed beyond
a stage of presumption when cut 1n particular situstions (a) With a wound
in the region of the metacarpo-phalangeal joint fe., between the vincula
accessona and the lateral contributions to the extensor expansion 1f the patient

Fuo. 28

Posture chasges with extenshe flexor fendon fujory at the wrist
A, The unnersal absence of normal posture in all fingery and thumb & apparent.
B C Ths is not vaned by passive flexion or extemsion of the wimst
D Immednte restorathon of rormal posture after suture of &/l flexor tendons.

cannot hyperextend the metacarpo-phalangeal joint with the interphalangeal
joints flexed as 1n the movement which precedes striking a piano note the
long extensor tendon or tendons to the particular finger must be severed  His
attempts to do this movement when the long extensor tendon 1s cut cause &
charactenstic straightening of the finger and fle vion of the metacarpo-phalangeal
jomt (Fig. 20) (b) With a wound 1 the region of the distal mmrphnhngﬁﬂ
Joint the mallet finger deformity 13 immediately observed though at this stage
it 1s not gross and the patient cannot actively extend the flexed distal
interphalangeal joint.  (¢) Injury to the extensor pollicis longus tendon
at any point in 1ts very independent coursc can be diagnosed by the loss
of independent extension of the wterphalangeal joint of the thumb when the
metacarpo-phalangeal joint 15 controlled by the examiner

In all these active movement tests it should be noted that (a) they are aft
subjeuiine tests of httle or no value in young children (6} n testing mosement
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of a particular jomnt the proximal jomt must be controlled by the examner
(¢) an mpaired range of movement 15 not of absolute diagnostic significance
Posttive diagnosis of severed tendons can only be assessed on complete absence
of movemnent.

In all mtuations other than those indicated, and especially on the flexor
aspect of the wrist 1t 1s the positton of the wound itself which must be
taken as presumptive evidence of tendon section until operative exploration
In practice tendons may sometimes be incompletely severed These will pass
the clinucal tests enumerated but their remaning fibres may later rupture  Thus
1s an added reason for emphasis on exploration as the final test

Tests oF NERVE FUNCTION

Nerve mnjuries are more frequently overlooked than are tendon 1njuries
The explanation of this usually lies 10 tmproperly executed tests of sensation or
movement. Tests of nerve function are mostly subjective and an upset patient
may be unreliable They are of little value 1n young children.

Tests of Motor Function must be carried out with due regard to common
vanations of innervation and the compensatory effects of trick movement as
described 10 Chapter I Many of the trick movements which have been
descnibed raise no clinical difficulty 1f due precautions are taken to observe or
control movemnent 1n proximal joints

It must also be remembered that nerve trunks may be incompletely divided
and that the absence of nerve function 1 recent injuries does not necessarily
mean complete anatomucal disconttnuity 1n a nerve

ULNAR NERVE.~With the fingers straight they can generally be adducted
and abducted to and from the muddle finger only 1f the ulnar nerve supply
to the interosseous muscles 1s mtact. This 1s a most rehable test of ulnar
nerve motor function provided that throughout the test neither flexion nor
hyperextension 18 permutted This can best be ensured by placing the whole
band palm down on a fiat surface  Even with these precanhions, however most
reliance should be placed on the capacity of the middle finger to abduct 1n
ather direction or the capacity to adduct the little finger This 1s because the
&xtensor communis and the extensor indicts proprius can respectively sometimes
abduct and adduct the index finger while the extensor communis may adduct
the ning finger and the extensor digitt minimt can be & strong abductor of the
little finger  If the adductor pollicis 1s not functioning, the tip of the thumb
cannot be brought across to the base of the little finger maintnining contact
wth the pelm 1n transit except by flexing the interphalangeal joint of the thumb
with the flexor polliais longus

There are many vanations of these tests but all have a common basis

MEDIAN NErvE—If the short abductor of the thumb is paralysed the
Patient cannot bift the thumb clearly forward 1n a planc at right angles to the
Plane of the extended hand The patient can be asked to touch the examiner s
fingens held 1n appropriate position  The short abductor can be seen and felt
to contract of 1t 15 functioning. (The occasional variations of innervation of
the thenar musculature as described 1n Chapter Il must be remembered )
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Tests for Sensory Function —The clinical test of sensation should be that
of light touch carefully applied by a non-ngid object in relation to all suspected
areas. This 1s best carned out with a wisp of cotton wool or a fine camel-harr
brush  Each mam nerve and each nerve branch has a specific area of
cutancous sensibility  In the case of the median and ulnar nerves the delineation
of specific areas of sensory loss follow a clear-cut line down the centre of the
ring or sometimes the middle finger In the case of injunies to their diptal
nenve branches, however areas of absolute sensory loss arc small and easily
mussed  If more than Light touch 1s used or some nigtd object 1s used for testing,
fallacies associated with movement of joints or deep-pressure sensc anse.

Tests FOR BoNy INJURY

Our mawn concern in this book s with open injuries where the extent of
bony damage 15 usually obvious and will be noted at the exposure of the
operative procedures  Nevertheless 1n a2 proper organisation an X ray can
and should be taken through dressings and first aid spltnt wiathout upsetting
the patient It may give some forewnrming mn regnrd to method of fixation
It does not show such smportant things as exposure of bone or open fracture
sites the soft tissue attachment of fragments or other considerations of viability
1t 1s not good practice to disturb dressings and first aid splints for unnecessary
routine \ ray examination

In the case of closed mnjunes, however which may not necessarily be
subjected to surgicnl exposure X ray examunation 1s always indicated when
fractures or dislocations are suspected  In addition to study of displacements
1t 1s especually rmportant to determine the relationship of bony mjunes 10
any joint Jomt mvolvement by fractures has a singular prognostre significance
and influence on the management relative to other structures  Details of
chinical signs of closed fractures are well covered 1 many standard textbooks,
and the hand does not call for any particular study of these

THE GENERAL EXAMINATION OF THC PATIENT

General systematic exarmination must never be omitted not only m relation
to other possible injunes which might have been recetved but n refationship
to fitness for any general anwsthetic or prolonged operation

SoME COMMON MISTARES

Certain common mustakes m the clinical examination of recent hand
myurtes are histed for emphasis.

I Motan NERVE [\sURY —It 1s surpnising how frequently a penctrating
wound imvolves the median nerve 1 its vulnerable and central position as 20
wolated mjury which 1s not dimgnosed This 1s usvally because 1 tesUng
sensation especially wath partial nerve Iestons 1t 1s done wath the crude touch
of the examner s finger and to the house surgeon s question “ Can you fect
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that? the answer s Yes” It s then ferred that the median nerve must
be mtact and so a crude clinical test outweighs the presumptive evidence of a
1an nerve lesion from the site of njury

mCd;nDIOITAL NERVE INJURY —These, too are frequently missed agam for
Jack of care n testing sensation  That on the medial side of the thumb 1s oftent
cut slong with the flexor pollicis longus when a bottle top breaks while being
opened It has a smail and relatively maccessible area of absolute sensory
loss which 15 easily overlooked unless carefully and specifically tested

3 SECTION OF THE FLEXOR PROFUNDUS BEYOND THE INSERTION OF THE
SuBLMUS—Tis 15 easily overlooked 1f casual examination 1s concerned only
with flexion of the finger as a whole and 1s not directed to the study of
specific movements at individual joints by controlling
proximal jomts Relaxation following full extension
can be mistaken for active flexion

4 Cur FLExoR TENDONS AND NERVES AT THE
WrisT —The extent of damage 15 frequently under
estimated

5§ Cuts or THE CENTRAL SuP OF THE EXTENSOR
ExPANSION —These are a common injury which again
must be diagnosed on the presumptive evidence of a
wound 1n the region of the first tnterphalangeal joint.
The deformity and disability of the finger which result
are not obvious for some time because extension of
the proximal interphalangeal joint 1s achieved with
simultaneous hyperextension of the distal joint by the
activity of the [ateral elements of the extensor system
This capacity is 1n tune lost as the lateral shps
prolapse sideways untl they can no longer extend the
proumal interphafangeal jomt and, indeed aggravate %, Dyl “”"'y ractur
its increasing flexion deformity ated wath this infury

6 SMALL INTRA ARTICULAR FRACTURES in relation
to avulsion injunes of the extensor tendons at the distal nterphalangeal joint
will be missed 1f their likelihood is not realised  Closed imyuries of this type
should be X rayed as a routine, for the treatment and prognosts ts much
affected by such fractures (Fig. 29)

7 TENDON AND NERVE INJURIES 1N CHILDREN —Unless tendon injuries are
presumed wath all likely wounds n children they will continue to be missed.
The onus of proof 1s on the surgeon, and the inconclusive evidence of any
test must always be subjugated to that of lus own eyes at operation

THE CONSULTATION

A tentative plan of management should be elaborated as the result of the
pre-anzsthetic examination wath the opttmum result for the patient 1n view
The end result of judcrously applied repair methods must be clearly envisaged
from the start wath its full implications on management, time and nshs all
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duly considered. If any consultations are indrcated this 15 the time for them,
and all members of the team should be present at this stage. Mulupliaty of
reduplicated examunations by successive mdividuals 15 to be deprecated,
Consultation 1mphes some explanation to the patient and the sympathetrc
hearing of his views. If fit he should know what operative procedures are
envisaged and the time factor which 1s nvolved. He should certainly be
wformed of the implications of avy plastic procedures which are antipated
Nothing 15 more disconcerting and frightening to & patient than to recover
from an angsthetic and find his hand sutured to his abdomen, or to note,
without warmng that it 1s hus abdomen and not hus hand which 1 painful

If the patient 15 1n a fit state of mund he should know the prognosis 1o
far as it can be safely and satisfactonly given His reactions might well
nfluence the chorce between alternatives  One patient might with good reason
sooner have a finger amputated than submut to any prolonged plastic procedure
1f there 1s any question of doubt about its result, whilst another might equally
well take the opposite view 1f not consulted. Either case could take umbrage
at exther action and be ready to lay blame on his management.

Frequently however the patient 1s hardly in a fit state to give detailed
consideration to these matters. Then 1t 1s part of the surgeon s job having
ascertamned pli the facts, to make the best decision for mm. The most
satisfactory state of affairs 1s when a confident patient says  I'll lcave it to you,
sir to do what 13 best

In erther circumstance the goodwill of the patient 13 a pnme attnbute to
successfiul treatment. 1t 1s always better and more easily obtaned at the

outset.
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PART TWO—CuaPTERS V TO VIII

PRIMARY TREATMENT

Y GENERAL CONSIDERATIONS OF PRIMARY TREATMENT
FOR OPEN HAND INJURIES.

VI METHODS OF WOUND CLOSURE A8 APPLIED TQ THE
HAND

YIL. TIDY HAND WOUNDS AND THEIR COMMON SUB-TYPES.
VI UNTIDY WOUNDS AND THEIR COMMON SUB-TYPES.



INTRODUCTION TQO PART TWO

THIS section contams the mam purpose of the book It 15 to emphasise
not only the opportumity for primary reparative surgery but also the
surgical obligations which go with this modem trend. If prunary repair
1s correctly applied the need for much scrondary reparr as detailed in later
sections s largely obviated—to much advantage. This era of primary not
secondary reparative surgery can only succeed in its more general application
by thorough appreciation of 1ts hazards as well as its advantages and by the
tighest standards of its technical application

No excuse is made for taking * the hand as both pretext and example
for developing general thoughts and principles which can equally well be apphied
to ipjurzes elsewhere  They may frequently apply also 1o many non traumatic
lestons.  Principles can often be better established 1n a speaific apphcation
than i vague generality

If Chapter VI perhaps reads like a digression 1nto  Principles of Plastic
Surgery ths, too 1s inescapable The basic understanding of the elements
of flap design 1s essental 1f details of speaific application or methods are to
have any meanmg. We can achieve nothing by the mere use of a method in
this type of work without precise knowledge of what the method can achieve
and how 1t does so It 13 not the method but the appheation of the method
which 1s all important It mught further be asked why we have detailed the
elementary approach to local flap design without a similar detathng of other
methods. This 1s because we find it 15 this aspect of plastic repar which 1s
less generally understood and thus more commonly musapplied  Only guiding
principles of flap design are covered

Verbal explanation 1s duficult and there 1s much danger tn suggesung
standardised  procedures for umwersal application by two-plane diagrams,
when there are such wide regional vanations as blood supply and ussue
thickness It 1s the most effective design and apphcanon of local flaps and
rearrangements which mark the expenience or aptitude of the plastic surgeon—
not the deft execution of some mere routine procedure.
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as developed and applied 1 other fields it 15 our opinton that the hazards of
increased bleeding and hamatoma accumulatton are tnereased by this
technique  This has not been developed by election but by necessity with the
use of new agents Ermuc unpredictable, and vanable degrees of bleeding
n the operation fleld contrast unfavourably with the state of affars noted
dunng an era 1n which sumple ether anmsthetics were almost exclusively used
by our anasthetists. It contrasts poorly also with the state of afTairs when
local or & regional block anwsthesa 1s used

It 15 1n reletion to these particular requirements of anesthesia which are
of specal advantage 1 hand surgery that the following review of techmques
n current use in the unit 1s given.

General Anmsthesia 1s required for most severe hand injures where anv
extensive reparative procedure 1s anticipated or where parts other than the hand
are mvolved such as abdorminal or cross-arm flaps

Expenence has shown that bleeding 1s more difficult to control with certain
techniques and agents notably closed circuit methods controlled respimtion
with the use of relaxants and with cyclopropane, These apply whether or
not a tournquet ts used far bleeding, difficult to control often continues long
after tourmquet release Morcover a post-operative restless stage after
cyclopropane 1s embarrassing to reparative procedures

In public hospital practice for student teaching purposes ether administered
by the open method 1s extensively used and gives good and safe operating
condiions  Other techniques mvolving spontaneous respiration ntrous oude
and ether mitrous oxide and Fluothane do not cause undue difficulty with
hemostesis  1n this regard Fluothene 1s perbaps preferable.  General
anazsthesia for children 1s usually induced by sodium thiopentone administered
rectally A 10 per cent solution 1s used and the dosage estimated on the basts
of 1 g of thiopentone per 50 Ib of body weight  This s particularly useful if
the child 13 to be subjected to repeated operatians for repur  Induction with
ntravenous sodium thiopentone 15 used 1if the chuld 1s of an age o tolerate the
mngection  In etther case mductron 1s followed by the open admimstration of
ether
Sopts THIOPENTONE 1s used 1n the mduction of all genernf ansthetics
but has very little place as the sole agent for any but very mmor procedures.
Sudden impulsive movements of the limb often occur in unpredictable fashion.
Owing to its lack of analgesic properies too :;mliaﬂdqmnmy 1s required for

1ons on such a highly sensitive region as the han
Opm;;:m szim{nx are not used for operations on the hand because
safer methods give satisfactory operating condittons and 1t 15 nol easy 1o

obtam the required elevated posture of the imb |
Regional Anssthesia —Brachual plexus block 1s used extensnely for han

1njuries where no other part of the body 1s likely 1o be involved in the repaative
pr)occdurts It gives excellent operating conditians and peaceful immediate
post-operative period  In cases where the mnjury to the hand occurs soen afier
a meal 1t 1s the method of choice
PRE-OPTRATIVE medication includes omnopon (
56
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{1 gr) one hour prior to operatron and 1f eircumstances permit, a barbiturate
such as nembutal 18 included at least two hours beforehand It has been found
that the use of atropme dimmnishes the wcdence of vasovagal disturbances
following the block

Xylocame 1s the agent most commonly used owing to its quick and reliable
angsthetic action  Amounts up to 40 c c. of 1 per cent solutron with adrenaln
1 1n 400 000 may be used and this will produce anesthesia for pertods up to
three hours

With the more experienced members of the team the percentage of farlures
1s small and when there 1s only partial success individual nerves may be
blocked to produce the desired result

The actual technique of 1mjection used 1s that outlined by Macintosh *

CoMPLICATIONS —These are few and this incidence vares with the skill and
expenience of the operator  In some of our cases (1) pneumothorax and (2)
brachial neuralga have occurred

1 Pneumothorax —Provided this 1s detected early before the patient
1 ambulatory the pncumothorax has resolved quickly without undue
inconvenience to the patient provided there 1s no underlying pathology The
incidence of pneumothorax dimunishes with the increasing expertence of the
operator and can be mintmised by using the shortest possible needle
" 2. Brachlal Newralgla—In one mstance the patient suffered a severe
neuraiga lasting three weeks—others have had less severe pain for periods
up to some months. The incidence of post injection neuralgia can be
dimimished by (a) the use of fine gauge needies—never greater than 23 gauge
(b) less persmistent eflorts to obtain paresthesia duning the injection  These
precauttons lessen the chances of trauma to the cords of the plexus

Local Apwsthesta has an invaluable place 1n hand surgery  With proper
technique and 1f some contrindications are respected it 18 effecttve and devord
of risks The following principles must be emphasised 1 1ts use (1) Dis-
enmuination must be exercised 1n the quantity and type of solution used Each
surgeon may develop his own standards. Nevertheless, he should fix an upper
himit to the amount of any solution he mjects and keep to his familiar
preparations and standards, beanng in mind the safe maximum dosage for each
individual drug. (2) Adrenalin should never be used m the solutton, because
tts vasoconstricting influence (in addition to the mechamical constncting effect
of any njection) may adversely affect the viability of a part. In any case 1t
abscures the clinical critena of tissue viability  (3) Local anesthetic should be
used only for recent wounds and never if mnfection is present or suspect by
time lapse or the nature of the wound (4) Patience 1s a necessary adjunct.
Many local anwmsthetics are regarded as failures or too much solution 1s used
because an impauent surgeon aims to finush an operation when the degree of
anasthesu is barely fit for him to commence
o o S e e o e e

only closure by direct suturing

* Macintosh & Mushin (1954)  Local Analpesia Brackial Plexss 3rd ed Edinburgh LhIngstone,
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15 indicated.  Under these conditions there ts minimal risk of spreading 1
less nsk than the gan resulting from proper wound dcnzsmg :ﬁdngqo;gt
which cannot otherwise be ensured  The needle should be inserted clear of the
wound through a prepared shin area and with due regard for the direction of
nerve supply  Only the mimimal effective quantity of solution should be used

LocAL BLOCK ANAESTHESIA 15 very useful for some wounds of the fingers
Its dangers have been rather over-emphasised without reference to the method
of its use  If a maximum of 2 cc of local anasthetic 1s njected carefully mto
the region of each digital nerve proximal to the base of the finger (Fig. 30),
1f the finger 1s held over the flexor tendon
sheath region to make sure the inpection 1
not made into the sheath if adrenalin 1s never
used, and if the surgeon 1s patient enough to
wait sufficient time after the mjection good
anesthesia 1s generally obtamed No undue
tension is created by this method and theress
therefore no interference with the vascular
supply to the digit. The dorsal diptal nerves
must also be blocked for work proumal to
the end jont  If, after reasonable tme lapse
there Is failure of the block anmsthesia, 1t is
better to supplement this than to mstitute any
indiscriminate supplementary ingections about
the wound regrons.

We have had no cause 1o doubt the safety
of local block anmsthesia if these desidernta

Shn(hire';::haluxk ore satisfied. The occastonal catastrophe of
anrstbesls of & fnger loca) gangrene of o finger can generally be

The mjectton shoukd be n:dcﬂn\tcﬂ aseribed to neglect of one or more of these
obligatory conditrons (Fig 31)
o e m)p?hffx Anzstheffc Recovery —Due attention to

cate &t or proximal to the di
T e e e Jevel of the meta 1he nngsthetic recovery phase obviates many

ngeal Jonts.
carly complications of operation

Restlessness or strugghng must be prevented  In this sespect the recovery
from pentothal 1s good the excitement following cyclopropanc 13 bad
Intravenous omnopon (} gr) given by the anzsthetist before the patient leaves
the theatre generally guarantees immumity from these effects  In procedures
involving flap attachments and migration it 1s essential that the patient be
constantly closely and competently attended until fully co-operaine Any
man handling must respect the procedures eamed out It 1s the surgeons
duty to complete all dressings and fixation arrangements and the nurse s duty
(0 sce that these are mamtaned  The fess discontinusty there exists between
these two persona! responsibiliies and the Jess the pauent s handled of
transferred the less the nsk  For this reason we do not fasour the modern
trend for nterpositton of special recovery arranpements between operating

theatre and ward
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Fa 31
Gamgrene of fioger—following the Injection of Jocal anxathesia

Tknd.kmbmlouo{pnmhurmﬂ(mmﬂwofnxuhrocdudmwﬁmﬁﬂmor
d this place disclosed
mmtmﬂonh\thewbubknuhdlhemmvm on that side as compared

with ts opposite oumber No lumen was t. The bashs of this conditron is a
nltt-roflnt:ruﬁngcmkcmmuwec-u vldc-nmln vemel without harm.
Some baun respomse The fact

tﬁltm\:ﬁutxxtmpbudohlmxn.

An il Gleansing of the neh

exaen limimry to ' Thn" of the

sterile hile wrea hand is covered by o
p:ckmd\\ all the .3 washed with soap

water Wﬂhmvcrmn:um:on}ympajrorfnnmh
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

CLEANSING

There are two considerations i the cleansin ra
part and that of the wound itself & preparations that of the

Cleansing of the Limb or Part exclusive of the Actual Womd —Thzs should
nclude the whole area which might be concerned 1n the use of a tourmiquet,
in selection of a skin donor mite or 1n any other possible manipulation by the
surgeon  This can be well and conventently done by the asustant  Afer
careful removal of first aid dressings and sphints a thick gauze pad folded to
appropriate size 18 held over the open wound by the left hand. The whole
limb supported 1f necessary over a splash bowl contaming soap and warm
water or other detergent 1s rubbed vigorously and with repeated lathering
for a period of not less than five minutes (Fig 32,4) This preliminary
preparation 1s carefully carned night to the skin edges of the wound and when
completed the imb held down towards a bucket 15 slwced from o jug of
salne (Fig. 32, B) By removing the gauze pad from the wound it, too can be
mcluded 1n this mechanical lavage. The cleaned area 1s then swabbed with
a watery solution of a sustable antiseptic and the patient and part towelled up
as for an clective operation on the hand

Cleansing of the Wound Itself —This must be accomphished thoroughly but
without being rough by procedures varied to circumstances  Antiseplics are not
used 1n the wound itself—they are harmful and unnecessary  Forceps are used to
remove abvious foreign bodies or other contaminants  The wound surfaces
may be wiped with dry or wet saline swabs A rubber bulb synnge may
be useful

All amifications of the wound must be visunhsed and explored. Particular
care 15 necessary 1n injuries which might mvolve the presence of broken glass,
road particles or other foreign bodies  Formal and complete exciston of hand
wounds 1s not practised  Ragged edges arc regulansed by timming with fine
scissors  Otherwise only obviously dev d and cont d tissues are
excised together with the removal of any masses of blood clot

All removed debns 1s carefully deposited 1n a receptacle which wath the
instruments used at this phase of the procedure 13 then removed from the field

of operation.

FINAL ASSESSVIENT OF DAMAGE

Thorough exploration of the wound pves the opporiumty for a final
assessment of damage which 15 necessary to proper selection of procedure

Thus detailed perusal should mnclude visual inspection of all ramufications
of the wound which can now be purposcfully and carefulty retracted 1n a w3y
contrmndtcated before operation tn the unprepared wound The meuessity

nspection cannot be over-smphastsed
for uS“t‘u::ly lZ)thnhand posture under anTsthesia when the hand hes so typally

in the relaxed position gies opportumity for confimation of pre-operatne

observations
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Is there any Loxs *—The diagnosis of skin loss must be carefully considered
This is easy 1n gross cases, but munor grades of skin loss are frequently over
Jooked Such musjudgment 1s 8 common caus¢ of mismanagement, for it s
the degree of skin loss which Iargely determunes the optimum method of waund
dosure. Even a smalf area of skan Joss on the hand may be relatively mmportant.
Conversely skin loss 1s often dugnosed where none exists because of hasty
exammation or failure to apprecaic the normal retrachion of any open
wound When any surface breach 15 made, except mn few circumstances and
odd situations, the resulting wound gapes, fe the wound surfaces separate
The amount of separation depends on many factors the situation size and
shape of the wound 1ts axwal direction relative to normal skin tepsion hines, the
particular structures mvolved and the amount of ussue Yoss, if any To these
factors must be added the effects of subcutaneous hemorrhage tisvue damage
and ederna.  Such influences are exaggerted by time lag dependent posture
or madequate dresaing, so that they may indeed, constitute the main basis of
wound-gaping. Thus a wound gapes, whether or not it 18 complicated by
tissue loss  Only the closest scrutiny and companson with normal anatomy,
therefore, will prevent nustakes in diagnosis  Only by purposefully assessing
these factors 1 every case can the examuning eye be tramed. Is there any
tissue loss 7--Of what degree and of what tissues ?

What Structares are Exposed ?—Any exposure of deep structures devoid
of thesr normal coverings should be noted, especially tendon devord of sheath
or bone shorn of periosteumn or normal soft tisxue attachments. Absence of
sk cover to such exposed structures should be especially noted

Wil the Skin Survive *—The viability of all flaps undercut or only partly
attached must be carefully considered The modern practice of primary
wound closure makes this decision paramount, for closure with non wviable
tissue means failure and closure over non viable ussue may be disastrous.
When assessing viability one should note cozning or bleeding from cut edges,
the colour and circulatory retum after pressure on the skin, and the shape,
d and attach of any flap i relavon to blood supply Skin
flaps wiuch have been severely compressed no matter what thesr appearance,
should be regarded with suspreron. It 18 safe practice to remove them  Venous
engorgement n a flap, if not corrected, will pass through asphvxn hvida to
death of the flap from ntravascular thrombosis  Pasture and hght pressure
will improve the livid flap

Doubtful faps may be Jeft for & (ime at operation to see If they 1
but i they do not they should be discarded mth:t?han retamed mtliyo;:nu?t:m
We commonly hear the expression, We did not think the flap would live
but we just sutured 1t back  case.” This type of thunking uwally leads to
disaster  The only luck one can expect 1s bad fuck.

What Stroctures are 2—Detatled tnspection of all the structures
n the aren of the ijury 15 the only safe method of finally establishing the extent

of the damage to tendons nerves, bones and
jomnts  Pre-operative conclusions
must alwnys be substantisted or otherwise at this stage, v "
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CLEANSING

There are two considerations 1n the cleansin
part and that of the wound stself § preparations  that of the

Cleansing of the Limb or Part excinsive of the Actral Wound —Ths shopld
wclude the whole area which might be concerned 1 the use of A tonrmiquet,
m selection of a skm donor site, or n any other possible manipulation by the
surgeon  This can be well and convenwently done by the assistant. Afer
careful removal of first-aid dressings and splints, a thick gaure pad folded to
appropriate size, 18 held over the open wound by the left hand The whole
hmb  supported 1f necessary over a splash bowl containg soap and warm
water or other detergent, 18 rubbed vigorously aud with repeated Inthering
for a period of not less than five mnutes (Fig. 32 o) This prelimmary
preparation 1s carefully carned night to the skin edges of the wound and when
completed the limb held down towards a bucket, 15 slusced from 2 jug of
sahine (Fig. 32,8) By removing the gauze pad from the wound it, too can be
socluded 1n this mechamcal lavage. The cleaned area 1s then swabbed with
a watery solution of a suitable antiseptic and the patient and part towelled up
as for an elective operation on the hand

Cleansing of the Wound Itself —Ttus must be accomplished thoroughly but
without being rough by procedures varied to circumstances  Antiseptics are not
used 1n the wound itself—they are harmful and unnecessary Forceps are used to
remove obvious foreign bodies or other contarminants, The wound surfaces
may be wiped with dry or wet saline swabs A rubber bulb synnge may
be usefal.

Al ranufications of the wound must be visualised and explored  Particular
care 15 necessary 1n wyuries which might mvolve the presence of broken glass,
road particles or other foreign bodies  Formal and complete excision of hand
wounds 18 not practised. Ragged edges are regulansed by tnmming wth fine
scissors  Otherwise only obviously devitahsed and contamnated tusues arc
excised together with the removal of any masses of blood clot.

All removed debris 18 carefully deposited 1n a receptacle which, with the
instruments used at this phase of the procedure, 13 then removed from the field

of operation

FINAL ASSESSMENT OF DAMAGE

Thorough exploration of the wound gives the opportumty for a fingt
assessment of damage which 1s necessary o proper selection of procedure.
Ths detatled perusal should 1nclude visual sspection of all ramificattons
of the wound which can now be purposefuily and carefully vetracted 10 a way
contraindicated before operation i the unprepared wound The necesaty
n cannot be over-cmphasised
for ‘?&?ﬁuhzgd posture under anwsthesia when the hand hies so l)"plc-l‘ll]‘l:
1w the relaxed postion grves opportumity for confirmation of pre-opera

observations
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Is there any Loss 2—The diagnosis of skin loss must be carefully considered
Thus 18 casy m gross cases but mnor grades of skin loss are frequently over
looked. Such musjudgment 15 a common cause of musmanagement, for 1t 15
the degree of skin loss which largely determines the optimum method of wound
closure. Even a small area of skin loss on the hand may be relatively rmportant.
Conversely skin loss 15 often diagnosed where none exists because of hasty
examination or falure to apprecate the normal retraction of any open
wonnd. When any surface breach 18 made, except 1n few crcumstances and
odd situations, the resulting wound gapes, ie the wound surfaces separate
The amount of scparation depends on many factors the smtuation size and
shape of the wound 1ts axial direction relative to normal skin tension lines the
particular structures involved and the amount of tissue loss, if any To these
factors must be added the effects of subcutaneous hzmorrhage tissue damage
and eedema  Such influences are exaggerated by time lag, dependent posture
or madequate dressing, so that they may, indeed constitute the main basis of
wound gapmng  Thus a wound gapes Whether or not 1t 1 complicated by
tissue loss  Only the closest scrutiny and companson with normal anatomy,
therefore, will prevent mustakes m diagnoms Only by purposefully assessing
these factors in every case can the examimng eye be tramned Is there any
tissue Joss 7—Of what degree and of what tissues ?

What Structnres are Exposed 7—Any exposure of deep structures, devoid
of their normal coverings, should be noted especrally tendon devoid of sheath
or bone shorn of penosteum or normal soft tissue attachments  Absence of
skin cover to such exposed structures should be especially noted.

Will the Skin Survive ?-—The viability of all flaps undercut or only partly
attached must be carcfully considered. The modern practice of primary
wound closure makes this decision paramount, for closure with non viable
tissue means faillure and closure over non-viable tusue may be disastrous
‘When assessing viability one should note oozing or bleeding from cut edges
the colour and circulatory return after pressurc on the skin and the shape,
dimenstons and attachments of any flap 1n relation to blood supply Skin
flaps which have been severcly compressed no matter what their appearance,
should be rcgn.rdcdﬂ\:th :fl.l!plt:'lon It 1s safe practice to remove them  Venous
engorgement 1n a flap 1f not corrected will pass throu, hyxia livida to
death of the flap from mntravascular thrombosts Pot;tugrv]c1 :;g I)Ir’guht pressure
will improve the livid flap

Doubtful flaps may be left for a time at operation
but 1f they do not they should be discarded rath:'r?hnn rl?a?r?c&%l:;yo::gg‘g
We commonly hear the expression “ We did not think the flap would Iive
but we just sutured it back in case  This type of thinking usually leads to
disaster Ths only luck one can expect 18 bad luck

What Structures are Damaged *—Detailed mnspection of all the structures
n the area of the mjury is the only safe method of finally establishing the extent
of the damage to tendons, nerves bones and jomnts. Pre-operative concl :
must always be substantiated or otherwse at thus stage. ssons
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CHOICE OF PROCEDURE

With any recent soft tissue wound there are two
main considerat,

(1) The mdication for closure  should the wound be closed ? ) Tlhc mcl:]hn;d
and tc;};mque olf d?sum how should the wound be closed 2 Not only must
repair be correctly planned 1t must be correctly executed
without the other y e The one fs wseles

With hand juries, m addition to these decisions, common to all wounds
we are also concerned with the deep structures-—if and how these should be
repaired,

Indications for Wound Closure —In general it can be stated that a wound
should be closed 1f 1t 15, or can be made by surgical preparation a clean wound

|
. S \‘h
/‘f ‘k\i}

Fio. 33
Primery wound closare
A, Multple finger infjurnes from & “ buzz " plane B One week afier primary clowre
incuding mture, local flaps, frée grafty, and completion of amputation.

The nature of the wound the circumstances of its production the patients
reaction and outlook, the local surgical facilities or the ume factor mught in
diverse ways render the above cnterion unattamable and so contraindicate
prnmary closure. However under average medern civilian conditions (it may
be otherwise with war mnjuries) most hand wounds within a reasonable period of
time (up to twenty four hours) can be made fit to close by surgical preparation
The use of antibiotic drugs has extended the arbitrary period within which
primary closure 1s free of infective complication

After wound cleansing, the main object of pnmary treatment 15 complete
closure of the soft tissue wounds (Fig. 33) This applies no matter how scvere
the mjury how extensive the ussue loss or what tedium s mvolved for the
surgeon
To-day we are not concerned so much with the indication for primary
closure as we are with the technicalities of best achieving this end  So important
18 this 1hat we feel 1t should be the marn stimulus to the segregation of al] cases
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

Multiple fractures and complete or incomplete finger amputations are common.
Tendons and nerves, though widely exposed, are not always severed It 15 often
noted how fingers are left attached only by these structures. The chuef obyect
of primary operation m these gruesome looking njunes 1s the careful closure

Two MAIN CunicaL Tyres oF OpEN HAND Tnsury

The Untidy Hand The “ Tidy ™ Hand ‘\‘
1

Injucy Injury
1 Cosion Causes | Mobile machinery eg ' Household type accidents |
power saws and with blades and other

presses, buzz planes | cutting edges.

2. NATURE—

(a) Surface wounds Usually multiple, irrega- ' Usually single and clean
larandjagged avulsions | cut.
common

(6) Fractures Commonly multipleand Uncommon
communuted.

(¢) Tendon and nerve  Gross exposures common  Frequently cut
but frequently not
divrded

I
3 Prisary HEALING i Problematic. The rule.

4 MANAGEMENT—
Appraual of damage Often can only be deter  Can be deternuned before

mined at operation operation
Use of tourniquet Contrmndreated No contraindieation.
Primary operation Reduce fractures and Repair tendons and

distocations  Close all nerves  Soft hissue
soft ussue wounds wounds casily closed

Secondary operations Repair tendons and  Not generally ndicated
nerves. Reconstructive
procedures often calied
for

Fro 3

of all soft tissue wounds This wcludes the trimmung and closurc of any
traumatic amputations.  With  untidy  hand mjuries however ideat soft
tissue healing by first intentzon cannot be guaranteed

Though fractures and dislocations should be reduced at this stage the
tendon and nerve injunes are generally better left for reparr at a secondary
operation. Adequate skin and fat cover for all such areas must bc"provxdcd
at the pnmary operation whenever possible. With these  untidy 7 injuries,
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

1t would be unwise to enlarge wounds or to make further mncistons as are usually
indreated for effective tendon repar  Moreover the after treatment of a
sutured tendon 1s generally mcompatible with that of a fracture unless some
form of ebsolute internal fixation of the fracture can be carned out

THE USE OF A TOURNIQUET

Indicatlons —The judicious use of a tourniquet 1n hand surgery has been
one of the main contnbutions to the improvement of technique 1n hand repar
With * tidy ™ 1njunes, where repair of deep structures s undertaken, it s
essential that a tourmquet be used 1if reparr 1s to be done with the technical
finesse essential to success A tourniquet also helps to ensure that there 1s no
sccondary damage to other structures at operation It 1s fortunate indeed
that 1t can be used with safety n just the wounds where 1t 1s indicated

With  untdy injunes however the reverse applies A tourniquet
durtng operation should 1f possible be avoided for we have to assess the
viability of skin edges and flaps  Morcover this viabiity may well be
Jeopardised by any long peniod of tourniquet avasculanty

Technique of Application —We have found a lhight Esmarchs bandage,
2{ in wide most relmble as a tourmquet and to exsanguinate the part This
is & much lighter type of rubber bandage than is generally used for the lower
Itmb  For children a stdl smaller vanant of this 1s used For operations
confined to the fingers a flat rubber band pulled taut and held with forceps at
the base of the finger 1s a convenient form of tourmiquet.

It should be emphasised that the surgeon not the dresser applies and
removes the tourmquet and for this reason we use a stenle bandage 1t s
applied after preparation of the mb and not before  In the safe use of a
tourniquet the tension of application 1s certainly no less tmportant than 1s the
duration of applicaton  Tenston should be just sufficient and no more than 1s
required to overcome the arterial blood pressure.  We generally imit the use
of the tourmguet to periods of one hour  There are occasional reasons for its
reapplication  We repeat that unnecessary tension within arbitrary tme hmits
1s no less dangerous than prolonged use at correct tension  The tourniquet 18
applied evenly and carefully up the whole length of the hmb remembering that
supenmposed turns about the arm have a cumulative effect  The tourmiquet 13
then unwound from the bottom until only o few turns of rubber bandage are
left spread over a wide area on the upper aim  The bandage 1s only lightly
stretched dunng 1ts application and only a light pressure over a wide area of
the arm 1s the object The bandage must not be allowed to doubie up or
wrninkle, espectally next to the skin

A:’ mﬂambl{: cull 1s widely used by many We regard it as a more
cumbersome method, not applicable by the surgeon himsell in the stenie field
The dangers of the Esmarch bandage have been given undue prominence
without reference to its personal and carcful application by the surgeon An
inflatable cufl carnes no less misk 1f incorrectly applied and we have secen
severe paralysis following its usc
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HAMOSTASIS

In wounds propecly cleansed hematoma is the greatest danger to the
optimum prospects of pnimary closure. Even if nfection of hematoma docs
not ensue normal first intention healing 1s precluded by separation of surfaces
1n the depths and ramufications of the wound. Hematoma 1s always replaced
by fibrosis. Prevention of hzmatoma without the flouting of atraumatic
technique requires certain practical precauttons as follows —

1 Hmmostasis 1s necessary for exploration and procedure It 15 attained
by mosquito-type hemostats carefully apphed to obvious bleeding points

Fra, 37
A sikworm gut twist draln—how It s made.

Many of these will require no more than clamping, and 1n some cases twisting,
before the hmmostats are removed It 1s better to spend a little time and
patience n using pachs and hight pressure than to use unnecessary amounts
of catgut or coagulating agents in the wound It 15 only necessary to tie
obvious arterial vesscls and other points which continue to bleed after
hzmostats have been removed or twisted off  Ties should be made with finest
catgut and cut short. Ifa tourniquet has been used, hemostasis should be
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effected after the tourniquet 1s removed with due allowance for the temporary
and reactionary engorgement which follows. This holds good cven if o
tourniquet 13 reapplied for final stages of procedure We sometimes use
adrenalin (1 1n 1,000} on small gauze pledgets to control perustent ooze in
some areas, but except perhaps in emergency have found no necessary place
for the vanous coagulating agents now available

2. Drainage 1s sometimes necessary where good hemostays 1s difficult or
doubtful  Twisted silkworm gut drams are adequate to separate skin edges
sufficiently for capillary drainage. These have been well described by Kilner
as  a simple surgical commodity msufficiently populansed ! (Fig. 37)

3 Immedtely before the dretsing 1s applied any blood collection 1s
expressed by compression of the hand or roling the blood out from the
wound, especally from under any flap or free graft. Dramage holes are
often stabbed 1n grafts and sometimes clot shreds are washed out with a synnge
when any long tume has been expended 1n sutuning wounds or graft margins.

4 The universal use of a deftly apphed Iight pressure dresting will control
any bleeding for which a tie was not indicated and provided 1t 15 ensured that
surfaces are free of blood clot, 1t will prevent any further accumulation

Now that sepsis can be controlled, the béte noire of plastic surgery n
general s tension hxzmatoma The hand 18 certanly no exception to this.
Death of skin suppumation delayed healing, swelling and adema, prolonged
mduration fibross, joint and tendon fixation and pain are but some of a trnin
of sequel often instigated by blood accumulatton Hematoma and its
pernicious complications are found only in wounds hastily or haphazardly
closed with imperfect hxmostasis and a surgeon s uneasy conscience.

PRIMARY DRESSINGS AT OPERATION

The dressing 15 an mtegral step of any operation  Detatls of dressing
technique are too often neglected or improperly appreciated especully m
relation to the mechanical objects of dressing. Modern wnitings and practice
have rightly accentuated the bacteniological aspects of dressing technique
but unhappily too often have neglected the mechanical requirements.

Every dressing should be applied with purpose It fails 1f it does not
properly achicve its object  This can be analysed as follows (1) To control
bleeding and prevent hxmatoma formation  (2) To control cdema caused
by reacton to wyury and imparred circulaton m the region  (3) To smprose
embarrassed circulation by preventing venous engorgement tn flaps and wound
margins A light elastic pressure dressing applies some measure of periphernl
airculatory resistance. (4) To ad or effect immobiisation  (5) To absorb
serous exudate or blood (6} To prevent access of secondary infection tHTo
subserve certain specific functions such as pressure fixation to grufted arcas

In respect of these objects, certain agents and methods are advocated

For General Use In Relation to Sutured Womnds and Flaps (1) A ningle
fayer of petroleum jelly gauze applied to wound areas prevents adhesion of outer

tRiloer T P (1941, The treatment of facial mar inpener Med Pr 208 SR
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dressings to wound edges or to sutures and permits escape of exudate Tt
fails 1n 1ts purpose 1f many layers are apphied with occlusive effect (2) Cotton
gauze, prepared and used in multiple flat Jayers without rucking, suitably folded
to appropriate shape, 18 then packed over the wound area This should be
applied according to the contours of the area, usmg more bulk i a concavity
than on a convexity In addition to 1ts absorbent effect 1t thus serves as a
medium for even distnbution of pressure from the outer bandage to the wound
region  (3) Good quality light crepe bandages are used with advantage on all
hand wounds Some degree of external pressure facilitates optimum healing
These bandages can be cut and rolled n convenient lengths, ranging in width
from }1n to1 2or 3, for use in varying regions of the hand. Fingers should
be bandaped separately Bandages, to be firm but not tight should be applied
evenly on moderate stretch, remembenng that pressure increases with each
turn  In the interests of cconomy these bandages, if of good quelity, can be
washed and re used, and covenng them with a few turns of cotton gauze
bandage prevents their unnecessary soiling.

Cotton gauze bandages cannot be used with comparable effect They
cannot be adapted to contours without many twists and turns which become
bulky Even single threads of cotton bandages, if caught and pulled tight
may cause embarrassment to circulatton They cannot achieve light elastic
pressure effect

For Particular Use in Relation to Grafted Areas —(1) Tulle gras 1s best
used on grafted areas grafts are usually spread on tulle gras, trimmed to
shape and subsequently handled on
it It can be converuently stitched
to wound margins along with the
graft The wide mesh permuts of
easy exit of exudate or blood which
must not be allowed to accumulate
beneath skin grafts  (2) Packs buit
up from cotton wool soaked n
equal parts of paraffin and flavine
(1 m 1000) and then apphed 1n thin
fnyers are arranged over grafted arens
to make g regular external contour
for even transmission of pressure
from the crepe bandage They may be
supplemented by outer gauze layers,

In some cases, more often on the
palmar surface of the hand the wool o
packs are maintained in position by effects over the expoted menamak.  The
overtying the margnal graft sutu bandage can be applicd In mamy  directions.
pu;poscly cut long. It 1s best to::'e 4 volar plastr siab s the wret
as few sutures as practicable as the advantages of too careful su
offset by the accumulation of hematoma d\.ﬁ:-lg the procedure runng are offen

In view of the nsk of hxmatomz and the importance of leaving a graft
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effected after the tourniquet 1s removed with due allowance for the tempotary
and reactionary engorgement which follows Ths holds good even if 2
tourniquet is reapplied for final stages of procedure We sometmes use
adrenalin (1 1 1000) on small gauze pledgets to control persistent oore m
some areas but except perhaps in emergency have found no necessary place
for the vanous coagulating agents now available.

2. Drainage 1s sometumes necessary where good hemostasis 15 difficult or
doudbtful Twisted silkworm gut draips are adequate to separate skin edges
sufficiently for capillary drainage These have been well described by Kilner
as a simple surgical commodity insufficiently popularsed ™ t (Fig. 37).

3 Immediately before the dressing 1s applied any blood collection 1s
expressed by compression of the hand or rolling the blood out from the
wound, especially from under any flap or free graft Drainage holes are
often stabbed 1n grafts and sometimes clot shreds are washed out with a syrmge
when any long tume has been expended in suturing wounds or graft margns.

4 The umversal use of a deftly apphed hght pressure dressing will control
any bleeding for which a tie was not indicated, and provided 1t 1s ensured that
surfaces are free of blood clot, 1t will prevent any further accumulation

Now that sepsis can be controlled, the béte noire of plastic surgery i
general 15 tenston hematoma. The hand 1s certainly no exception to this.
Death of skin, suppuration delayed healing, swelling and edema prolonged
induration, fibrosis jomnt and tendon fixatron and pain are but some of 2 train
of sequele often instigated by blood accumulation. Hematoma and its
permictous complications are found only m wounds hastily or haphezardly
closed with imperfect hemostasis and a surgeon s uneasy conscience.

PRIMARY DRESSINGS AT OPERATION

The dressing 1s an integral step of any operation  Details of dressing
technque arc too often neglected or improperly appreciated especially 10
relation to the mechanrcal objects of dressing. Modern wntings and practice
have nghtly accentuated the bacteniological aspects of dressing technigue,
but unhappily too often have neglected the mechanical requirements.

Every dressing should be applied with purpese. It fails af it does not
properly achieve 1ts object This can be analysed as follows (1) To control
bleeding and prevent hematoma formation  (2) To control edema ¢
by reaction to injury and impaired crculation mn the region  (3) To ymprove
embarrassed crreulation by preventing venous engorgement in flaps and wound
margins A Iight elastic pressure dressing applies some measure of penpherat
arculatory resistance  (4) To aid ot efiect immobilisation  (5) To absord
serous exudate or blood  (6) To prevent access of secondary nfection (7) To
subserve certain specific functions such as pressure fixation to grafted areas.

In respect of these abjects certam agents and methods are adyocated

For General Use in Relation to Sgtured Wounds and Flaps —(1) A single
layer of petroleum jeily gnuze apphied to wound areas prevents adhesion of outef

Riloer T P (1941). The treatment of facal war injunct.  Med Fr 205 530,
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dressings to wound edges or to sutures, and permts escape of exudate It
fails in 1ts purpose 1f many layers are applied with occlusive effect  (2) Cotton
gauze prepared and used 1n multiple flat layers without rucking, switably folded
to appropriate shape 1s then packed over the wound area. This should be
applied according to the contours of the area using more bulk 1n a concavity
than on a convexity In addition to its absorbent effect 1t thus serves as a
medium for even distribution of pressure from the outer bandage to the wound
region  (3) Good quality ight crepe bandages are used with advantage on all
hand wounds Some degree of external pressure facilitates optumum healing.
These bandages can be cut and rolled 1n convenent lengths ranging i width
from4in tol 2or31n for use in varymng regions of the hand  Fingers should
be bandaged scparately  Bandages, to be firm but not tight, should be applied
evenly on moderate stretch, remembenng that pressure increases with each
turn  In the interests of economy these bandages, if of good quality can be
washed and re used and covering them wrth a few turns of cotton gauze
bandage prevents their unnecessary soiling.

Cotton gauze bandages cannot be used with comparable effect They
cannot be adapted to contours without many twists and turns which become
bulky Even smingle threads of cotton bandages, 1f caught and pulled tight
may cause embarrassment to circulation. They cannot achieve light elastic
pressure effect

For Particular Use In Relation to Grafted Areas —(1) Tulle gras 1s best
used on grafted arcas grafts are usually spread on tulle gras, tnmmed to
shape and subsequently handled on
1t It can be convenently stitched
to wound margins along with the
graft. The wide mesh permits of
easy exit of exudate or blood which
must not be allowed to accumulate
beneath skin grafts  (2) Packs bwilt
up from cotton wool soaked n
equal parts of paraffin and flavine
(I 1n 1000) and then applied in thin
layers are arranged over grafted areas
to make a regular external contour
for even transmission of pressure Fia. 38
from the crepe bandage. They may be Use of the kand-stand n & dressing
supplemented by outer gAUZE layers Ly onty mem beipiel b aeaan e Sresing

. In sur:lfemscf:,morcohcnonthc E‘fwﬂw mimar rgion.  Tho doadvantages of
palmar surface of the hand the wool drumbes are obted,
pachks are maintained in position by CL&;C“ mﬂmgcoru‘ mmmﬁ
overtying the margnal grafl sutures, WA ?mm &Tm&mm
pull:posc]y cut long It 13 best to use
as few sutures as practicable as the advantages of too careful
offset by the accumulation of hematoma dug:;g the prmmguéutunng are often

In view of the nsk of hamatoma and the 1mportance of leaving o graft
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undisturbed for some days, the requirements of pressure on an area of free
graft are 1n practice greater than those over a flap Differental pressure
effects can be obtained by adjusting the amount of wool or gauze packing so that
pressure of the bandage 1s brought to bear more on one area than on another

Precautions must be taken with crepe bandages over bony prominences,
especrally over the sides of the heads of the index or little finger metacarpals,
when bandages are arranged around the palm  The use of wool padding over
these ponts and varying the direction of application of the bandage can prevent
this.  When palmar regions are grafted the hand-stand may be incorporated
1n the dressing to overcome these difficulies (Fig. 38) It enables pressure to
be obtained on the palm without round and round bandaging of the hand
utself, so obviating cupping of the palm and drumheading of the graft

INMOBILISATION

The natural reactions toward the immobilisation of any injured part should
It 15 casy to pay lip service to this major pnncple without

be assisted

Fio. 40
Immobilration fn the position of function.

respecting 1ts practice, The importance

Fra. 39
The vahoe of tmmoblisation i soft these
beatiog

of immobilisation for optimum healing,
though universally accepted 1n the case of
fractures is often ignored 1n soft tissuc
injures.  All wounds of the hand are
in mobile regions and all should be
immobilised dunng their heahng phase

(Fig. 39)
There are dangers in over-cnthusiasm
for early function It pays more

handsomely to cnsure early healing by
immobihisation than to retard it by too
early function Plaster slabs accurately

adapted to contours best subserve the requirements of sphinung 1n most cases.
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rrmv:v:l_
B C Lateral X-ruys tllustrate the tame mutake Bncom:cl,ﬂmm
sarying relatonship of the metacarmo heads. C s wrong.  The metacarp.
all e the same flat line and the joints are extended
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Antibiotics are quite useless as sole treatment in the irreversible stage of
snfection where drainage of abscess or the removal of foreign matenal 13 long
since indicated.

Anti tetanic serum or a boosting dose of tetanus toxoid for patients who
have been previously immunised must be given n all cases of open hand myury
If the shight but ever present risk of tetanus infection 15 to be avoided  There
are no really relable chinical grounds for any discnmmnation of wounds i this
regard *

& Antt gas gangrene serum has no practical prophylactic apphication 1n hand
wguries  Non viable tissues beneath closed wounds or gangrenous flaps and
amputation remnants offer the only likely basis of anaerobic infection wn a
region of such good blood supply  We have seen many cases labelled as infective
gangrene following mnjury because pathogenic orgamsms have been cultured
from necrotic skin flaps  In most of these however 1t 1s obvious that the death
of tissue has been primary and not secondary and that the infection has followed
and not preceded the gangrene

AFTER TREATMENT OF PRIMARY REPAIR PROCEDURES

Elewtion of the hand should be practised 1n the immediate post-operative
phase according to the seventy of the imjury For ambulatory panents an
arm sling 1s more comfortable provided the disadvantage of over flexion of the
elbow is realised For bed patients a comfortable position on pillows just
above heart level 1s sufficient  The common practice of suspending hands by
bandage Joops or slings from the plaster 15 not only unnecessary but
embarrassing alike to the patients comfort and to the local circulation
Suspension as opposed to pillow rest mvolves localisation of pressure effects,
and may well aggravate a condition which 1t 18 designed to relieve

Inspection and Early Adjustments to Dressings —All hand dressings should
be inspected within the first twenty four hours of operation It should be
checked that the arculation distal to any bandage 1s satisfactory that there
is no undue blood staining of bandages, and no undue pain It is unnccessary
and often wrong to take down dressings except for speaific reasons as mndicated
by symptoms or inspection Interference without reason lays a wound open
to the nsks of infection and disturbance of the conditions achieved by a
well applied primary dressing.

Early adjustment may be indicated to relieve bandages which are obviously
too tight or embarrassing circulation.  As the plaster splnt usually overfies
the pressure bandages, it is generally better to cut the bandages rather than
disturb the plaster  The area can then be rebandaged on the outude of and
incorporating the slab  For obvious bleeding a dressing might have to be taken
nght down  Adjustments of pressure removal of sutures, evacuation of
hematoma, or even return of a case to the operating theatre might be indicated

! The ‘alue of routine prophylactlc anti-tetani
refation to recent injury are current mbkcutfm :n':’ 'éfué'ﬁi %%m"ﬁ? g]r

practcee ts belng advocated byt vnufd the facty dexrer
tcftﬁlhnlamllmchlmﬂmldbcnmtél’.t and proper trials have been conducted
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

Within twenty four hours the tlleffect of hrmatoma can often be rectified,
Beyond this 1t may be better to accept the situation than to interfere  Twist
dramns, if used require removal in twenty four hours Easy access to these
should be made when arranging pnimary dressings When patients complain
of constant burning pain or throbbing in a particular local area a few turns of
bandage should be cut or plaster removed to relieve pressure at that pornt
It is a working rule that In such complaints the patient is always right
Remnforcements of dressing are mdicated by any blood or serous seepage to
the surface It 1s known that this provides a good culture medum for organisms
and thetr easy access to an otherwise well-covered wound.!

Changes of Dressing are indicated for elective removal of sutures. Suture
removal should always be commenced at arcas of less tension at the ends of
suture lines. It 1s wise not to remove all sutures at the same dressing.  Fine
eye scissors and fine non-tooth forceps are essential for the proper removal of
fine sutures In cluldren a general anmsthetic 15 often necessary mn which case
sutures are left a few days longer so that they can be taken out at a single
procedure.  Ten per cent. mercurochrome solution 13 applied with advantage
by means of a swab stick, to seal suture holes and any moist or open areas of
the wound

With thick skin as on the palms of workers hands, the external cuticle
does not unite across the wound 1t peels off 1n time.

Pressure 1s always reapplied until & wound 18 completely healed Soap
and water 13 used freely to clean and soften the area and to remove macerated
skin after healing

TRANSITION FROM IMMOBILISATION TO ACTIVE FUNCTION

Wounds should be healed before movements are commenced  Eary
healing rather than early movement 1s the immediate object of primary treatment
Early movement will follow as coroliary to early healing.

The duration of immobilisation the posture and the age of the patient
are ymportant factors offecting the institution of active movement.  Whether
or not this transition can be materally aided by physiotherapy depends on
these and other factors It should be realised that scar resolution and retum
to function are normally achieved 1n ime and often nothing more is required
beyond Iapse of time and the patients own usc of his hand The normal
achievements of ume are often erroncously attnbuted to physiotherapy
enthusiastically applied duning this phase

Physiotherapy and occupational therapy tn routine use are unnecessary
and may over-accentuate a patients concern in his jnjury A surgeon who
personally encourages, assists or badgers his patient in acteve return to function
18 often of more value than organised physiotherapy

Physiotherapy has 1ts greatest place i relation to specific injunes of main
structures, as will be detarled later It must always be based on encouragement
snstrction assistance and re-education 1n relation to active movement  Except

Colebrook, L. (1950) 4 Aew Approack #o the Treatment of Burns and Scokts  Fine Techmaa)
Publcations. 74
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1n the prevention of stiffness in jomts which cannot be moved because of section
or peralyss of ther activating muscles, passive movements and manipulation
have no place whatever

The indwsenmunate use of bghts and heat dunog phases of scar resolution
after band myury 1s to be deplored  Persistent adema, pan and stiffness often
cease wath the cessation of such so-called therapy  Red, shiny skm is a frequent
indication of such abuse.

The care of grafted areas should always be explained to a patient. These
arc always vulnerable to petty mjurnes, especially during thewr early existence
and until there 18 some sensory return  They are canly burnt with eigarette
ends or m domestic chores Early protection may be indicated in certamn
occupations.

There is an unfortunate tendency to consider rchabilitation as an ssue
scparate from surgical care when indeed 1t 15 part and parcel of treatment 1
which continusty of management has already been emphaused as a principle.

Treatment 12 incomplete of a patient 15 left sn the axr  after s more
specaahsed or active phases are over He may yet be unfit to return to normat
activity

A wide range of psychological maladjustments through musunderstandings,
compensation neurosis malingering and vared functional conditions, generally
arse from failure to appreciate the common psychological reactsons to mjury
and disabibty Most of them can be prevented A patient s confidence and
understanding from the begmmng are essental to the optimum mental and
physical results of hus mjury  The urge for eardy return to seif-dependence
must be fostered  He must be instilled with the :dea that lis own active efforts
and outlook are prime factors m achieving this end  That 1s the basic concept
of rchabilitatton The man who 1s passive bored, and disinterested in his
progress, though often deseribed a5 a good patient 13 dfficult to retrieve

In average cases rehabulitatian 1s achieved without elaborate and scparate
organsations  These may be indicated under special conditions of war time
or for gross and special cases  True understanding and co-operation to a
common purposc between patient, surgeon end employer best fulfil the
requirements of rehabilitation under c1vil conditions 1t s better not a function
of special institutions !

! An lateresting and vatuable experiment has been conducted at the Vaurthall Motor W, Lut

Engiand Mnmlmwmmmmmwwxmmtﬁlmﬁ
normal type of work can be adapied to his disability Machine control modifications are mude
nndﬂwwcrkbmm-vh:dbyMrHHNcwdl,‘hohuSJophumprmunmdwholmm
machine modifications and sdaptations on Lnes as indicated by the surgeons. A closeknit and
{riendly atmosphere prevaile  There are however certain focal conditions which render such a
mmmﬂmwmdm&nmmmdwu@mmdﬂmwﬂﬁcﬁkm

o alt phases of care for the Injured, and & reaksatlon by the of values and oblrgati

to employres beyond thow of angible financial retarn.  After twelve years this rehabilitation
arrangement bas become an integral and gladly accopted part of the works, Jt hat had many
\Hlm-ndmr«m-wamfudmmxmnmummmmblnﬁuhnd
and France and in both British and French Nationa) Railwoyr, Swediah and American firms ke
B T e e e

th over We are grateful
Laune Plewes for recent information nbwuhhmh_m o Mr ord Mowlem and M
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

The early assessment of result and completion of compensation armange
ments are always 1n the patient s interest.  The waiting of long penods for
compensation court proceedings does not react to advantage. The Bntish
National Insurance scheme has n theory much to commend 1n this repard

Where 1t 1s obvious that permanent mutilation will result from any 1njury
1t 1s & mistake to wait until confronted with end results before ensuring that the
patient reahises what the hmitations of his recovery will be m relationship to
his previous life and livelthood It 1s important to visuahse an end result from
the start so that personal adaptation and readjustment are developed We
must avord disappointments or anticlimax by over build up of the likely results
of treatment

ARTEFACT LESIONS AND “ FUNCTIONAL ™ DISORDERS

Whatever the 1deals of patient care 1t would be idle to by pass certam
physical expressions of disordered minds These may be manifested m the

Fro. 42 Fia. 43
Self-afficted aod agyravated Secondary fitatioo of posture la s
woumdy mmco-operative patient

far
42— In this case 8 chronxc uker had presented over the hmuckle of the right hand for
r'::mhsml:cm‘lmdmulknockmlh:ndhloro{hulnrk‘ Seif-aggravaton was >ch
but on eccount of locsl fibross and persstence despite all forms of treatment, the regon was J"'yc
subjected 1o excrion and grafung with succen, sut the patent soon dermonvrated ukers “Fuo\
scoderital hnock on & door ™ expoung the reason for persntence |l
the origm of hr uitial keson.

Fig. 43 —The skin wrinkling and subcutancous fibroan are typkal of a persistently held adduction-

flewon spasm of the thumb without organ cause

instigation of wounds or 1n delayed healing. A surgeon who ts not nwarcI:;
possibilities of self inflicted or self perpetuated nyunes will often be ama N
or embarrassed. These problems may be revealed at any phase of treatmen

for any mjury %



OENERAL CONSIDERATIONS OF PRIMARY TREATMENT FOR OPEN HAND INJURIES

Inyury 1s onc means of acquiring illness with the escape 1t offers, and
seif-nflicted Injurles are protean  They are not confined to gunshot wounds or
typical suicide cuts  The hand 1s the most likely place for a self inflicted wound
casily achieved and readily demonstrated

The persistence of ordinary trammatic lesions, often invial must in some
circumstances raise suspicion  The young female factory employee has in her
mjury a ready haven from a transient or deep-rooted psychological mal
adjustment. There 18 no lumit to the depths of deceit and intrigue to which
some subjects may go  The repeated surface abrasion or a lesion which does
not heai as it should (Fig. 42) must be suspect. A solid plaster cast 1s often
the best dingnostic aid 1n this difficult situation  This 1s only an aid to diagnosis
1t 18 not permanent treatment for cach case must be managed on proper
psychlatne lines

Short of physical nterference to prevent healing, passive resistance and
the absence of ¢ the will to get better " duning the period when normal transition
to active function would be expected 15 often no less effective 1n nullifying
treatment.  Fear of losing compensation or pending Iitigation are frequent
causes of this attitude of mind From our knowledge of a particular njury
and 1ts treatment, and of standards of normalitv, 1t 18 usually easy to discern
the patient who will not move lhus
fingers when he says he can not
move them They are soon found
out by a few trnicks of passive
movement and posture  These
hands are often held n a typical
position with the fingers flexed
and bunched together If these
people cannot be exposed or
tnched into  demonstratton of
their movement capacity in early
stages of treatment, and 1f some
degree of co-operation at this

time is not obtained the end
result might well be an irretriey

x;bly wreched hand  Fibrosis and Fra. 44

ascinl contractuce readily take up  GADETEne of the jndex foger fhres weeks after a story
the flexed and udductcdyposmoﬁ :;m“m““m‘m"'m

of fingers and thumb so that a paticnt it was amputated. There was a grear deal of
wilful ond persistent  postural ,,f;‘;: and tenderness ™ following amputation. The
deformity  soon  becomes shonens. gmatcly reexplored and the sty

ngrenous patch on the tij
:!rr_l:g.og)mlly established and fixed &5“(&" pawh o the ip of the oppasite hie

Y3 Again two months hiter she
Many victims of severe injury POl with further patches of Fngene cliew hero

who are subjected to long penods e e sellimlctlon.
of hospitalisation and treatment shide into a
man who has had most done for hym and

K

condition of moral dependency  The
has been * the perfect patient  can



Fro. 45
A, Shows a ks:on on the dorsum of the hand of & female aped 22 Shehadbcmmmdumo:

hospital for tmo yean with repeated ulceraton on the back of the
fall on & cactus Scveral ~ spikes © were removed from the

that s long of psychothern]
who demonstrates that there 18 po Limit 1o the cxtent of the deceit sod tckery which such
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well become the most dependent. Awareness of this trend 1n long term cases
is the essential basis to 1ts prevention on the lines already discussed He 1s
not a true malingerer but rather the victim of circumstances which too often
surround protracted management indecision and insecunity

Excluding all the above, the true malingerer, a man who wilfully sets out
to capitalise on s mjury by trickery and deception, 18 uncommon and usually
found only among those of low inteligence who believe they can  put one
over the doctor

SHORT MUSCLE CONTRACTURE

None of the conditions mentioned above should be confused with the
condition of mtrinsic muscle contracture (Fig. 46) Thus type of postural
disturbance may follow any severe
type of crushing mjury to the palmar
regon but may also sometimes
follow a surgical procedure for a
relatively munor mjury  In thus latter
case 1t seems hard to escape the
inference that the fibrosis and con-
tracture of the short muscles 1s the
result of ischemia and may be due
to excessive tension within the wound
or tght bandaging as a source of
external pressure. The charactenstic
of this type of hand 1s 2 ngd
contracture of all the short muscles
often mvolving the thenar and
hypothenar as well as the palmar
muscles

At operation the mvolved short
muscles are found to be fibrotic and

Foo 46
Short muscke contracture following
operative treatment for a relatively
minor injury

without elasticity and the only effective treatment 1s to divide th
of the extensor hood mechanism © faterl bands
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CHAPTER {VI

METHODS OF WOUND CLOSURE AS APPLIED
TO THE HAND

NDER present-day civilian condiions when primary treatment of
injury 1s promptly carned out under cover of antibiotic drugs, we are
less and less concerned with the indication for wound closure  we are
more and more concerned with the actual method of closure
When considering the indicattons or contraindications for primary wound
closure, the word closure must be taken in its widest sense It 1s not
synonymous with  suture.” Whether a wound 1s closed by direct sutuning or
whether some other method 1s adopted depends on the degree of skin loss.
This diagnosis must be made relative to a particular area and to the effects of
hematoma or cedema which may already exist 1n the region
For most hand wounds with no skin loss closure 1s casily achwered by
suture but no less important are the wounds for which the same indications
for closure must be met by some other method In ideal circumstances, the
case for or against pnimary closure should not be Influenced by the method
which 18 indicated  Yet time and again we still see wounds whuch are * left
open to granulate  merely because they cannot be sutured. We must confess,
however that this 1s better than a policy of “ closure at all costs ™ in the hands
of surgeons untrained in all procedures of closing a wound
In extreme cases the diagnosis of shin loss 1s easy but it often takes
experience to distinguish those wounds where effective closure is best achieved
by direct suturing from those better dealt with by somc local flap mancuvre
or gmftung procedure. Skin loss must be assessed 1 a relative sense rather
than 1n actual amount. There are some wounds without shin loss which,
because of local reaction cannot be safely closed by suture without undue
and dangerous tension  Conversely other wounds 1n some situations, despite
some degree of shin loss, can often be closed by drrect suture
Tension suturing 1s always best avoided tn a field of potential infection.
There can be a certain amount of tension n an aseptic wound or conversely
local reactions can well cope with a modicum of sepsis 1 an atension wound
In either case effective closure 15 possible  Tension and sepsis n the same
wound however spell fmlure wath breakdown which could well have been
avoided 1€ the contrandscation to tension closure had properly been accepted
This applies particularly when skin flaps are raised whose vitality 1s subnormal
Most faifures of wound closure occur when we try to close by suture a sound
where the relative skin loss indicated some grafung procedure
It 15 thus good practice for the beginner when 1n doubt as to the method of
<hoice for the closure of traumatsc wounds, to grafl rather than to suture under
tension It 1s no stigma on judgment «f the graft can subscquently be excised
and the edges of the wound after some undermining coapted with ease This
1s often the correct procedure
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METHODS OF WOUND CLOSURE AS APPLIED TO THE HAND

Accepung the principle of relatvity mn the diagnosis of skin loss
the general features of the closure of hand wounds are now considered 1n
relation to (1) suturing of wounds with no skin loss (2) grafung of wounds
with skin loss

SUTURING OF WOUNDS WITHOUT APPRECIABLE SKIN LOSS

The most important attribute 1n hand surgerv 1s a careful and accurate
sutuning technique which comes only from patience and expenence  Only
the highest standards of first intention healing can be accepted as pimary
healing. This means healing in 8 mimmum of time and with a minimum of
the formative tissue reactions

Most of the advantages of primary repair of deep structures whether bone,
tendon or nerves, are lost if first intention surface healing n 1ts strict sense
1s not achieved  Indeed failure of modern procedure 1s frequently seen because
of failure to achieve pnimary soft tizsuc healing This produces results which
perhaps do not compare with those of methods used 1n the past when less
ambrtious structural fixations and repairs were undertaken and secondary
healing accepted by chowce  This situation must be fully realised by all who
cmbark on methods from which the rewards of success, though great, are
obtained only by highest techmical standards. To this end two principles must
be respected

Firstly close and accurate juxtaposition of the wound surfaces must be
mamtained at all points and n all planes, at least until their firm fibninous
adhesion 1s achieved. Mere cuticular apposition 18 nsufficent, for though
epithelial edges might be 1n contact there could be separation 1n deeper planes
Any dead space so left 15 soon filled with exudate or hematoma, which 1n
turn 1s replaced by granulation and ultimately by scar tissue  Thus 13 not first
ntention healing

Secondly wound apposition must be maintained without impeding local
blood supplv or producing focal areas of necrosis.  Dimimished bloed supply
adema, infection necross, like tension and hzmatoma are tactors variously
nvolved 1n a vicious circle often responsible for failure of first intention healing.

These two principles can only be satisfied by strict adherence to certain
technical factors in suturing.

Wound edges to be coapted must be freed of damaged and dewitahised
areas and regulansed if necessary by tnmming with fine scissors

Hematoma 13 the common basis of infection. Though hmmostasis 1s
essentual, 1t must be achieved without large masses of foreign matenal and
without producing dewitalised areas. Unnecessary amounts of ligating matenal
the tying of masses of uissue, or the misapphcation of hrmostatic forceps must
21l be purposcfully avoided

Atraumatic techmque and accuracy in handling tissues must be ngdly
observed  Tissue holding forceps and heavy tooth dissecting foreeps have no
place whatever 1n wound sutuning. Fine non tooth forceps delicately handled
%0 a1 1ot to punch skin edges, or skin hooks should be used  Needles must be
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SUTURING

parallel  sutures
evenly spaced
no gadping dareas

edqge to zccllgc
dcgth to depth
no dead space

NO COMPLICATIONS

minimum scar
rapid healing

PRIMARY HEALING

Fo. 47

TECHNIQUE

uneven sutures
impaired blood supply
gaping areas

¢dge “inverted
untqual depth

dead space

SFEET/

broad puckered scar
adhesion

breakdown
slow healing

SECONDARY HEALING

Soturmg technque,
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METHODS OF WOUND CLOSURE AS APPLIED TO THE HAND

fine and sharp (e g three eye curved 3/8 circle) and only fine suture materal
1s necessary  If heavier sutures are required, the wound 13 being subjected to
undue tension True atraumatic techmique mplies more than a correct
armamentanum—it imphes also is correct and practised use  Gullies has
constantly emphasised this point 1

Vertical depth apposition of a wound 1s best achieved as illustrated 1n
Fig. 47 by single nterrupted silk sutures mserted at nght angles to the skin
surface and paraliel to each wound surface  Using curved needies s cannot
eanly be achieved 1 a smgle action through both sides of 2 wound. Accurate
skin and subcutaneous suture requires (1) Exaggerated pronation and supination
of the wnst and forearm while inserting the needle 1n separate actions for each
side of the wound, (2) practised use of skin hooks or fine forceps in correcting
the retraction of subcutaneous utsue and so everting the skin edge  (3) care

Fro 48

The apical stitch
An effective means of avolding crowding of stitches and tmpairment of blood supply
at the apex of & flap

that the depth of entrance and exit of the needle from the skin surface 1s the
same on each side of the wound, (4) wndermiming of skin edges 1 some cases
to get good surface apposition and edge eversion and in some wounds an
occastonal end-on mattress suture  (5) msistence that the sutures cross the
wound at night angles and are nowhere $o close or so angled to nesghbouring
sutures as to embarrass circulation between them  (6) specal precautions in
cases of angled tnradiate or more complicated wounds so that no suture
mpedes the focal blood supply  Full use should be made of the apical sutch
as illustrated 1 Fig 48 1t 15 good practiee with irregutar and compheated
wounds first to suture key or obvious potnts, such as flexure creases It 1s
casy to missuture curved gaping wounds so that one side 18 sheared and buckled
relative ta the other  To avoid this 3t 15 better to start with a few central
sufures rather than at one end  (7) Horzontat plane apposition mn 8 wound,
the oft neglected component of first intention healing, is best achieved by
Jbudmous use of hight pressure dressing to prevent accumulation of exudate or

food 1n all the undercuts and honzontal ramifications of a wound  This

Gillies, Sir Harold (1943). Technique of sound suturing.  Clin. J T2, 223
83



SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

usually requires something more than a piece of adhesne strapping or a pauze
bandage The pressure dressing has already been discussed

The proper suturing of a complicated hand wound can be very tedious.
The more irregular the shape of the wound the more sutures have to be iserted.
There must be no gaps in edge-to-edge apposition  These are betrayed by small
protruding masses of fat which subsequently die and hquefy thus adding to the
nisks of maceration and infection  Each such protruding mass carnes with 1t
terminal nerve filaments and 1t 1s our opinion that this 13 the ongn of many
tender scars especially about the finger pulps

PRIMARY SKIN GRAFTING FOR SRIN LOSS

We use the term * skin grafting ™ 1n the broad sense to cover shifing of 2
skin area from one region to another It includes both the frec grafting of
skin 1n 1ts varied thicknesses and the transfer of attached flaps of skin and
subcutaneous tissue  The Iatter may be local flaps or direct or indirect flaps
from remote regions

Practical aspects of the grafting of wounds with munor degree of shin loss
are better considered separately from the grafung of wounds with gross skin
loss—provided again that we appreciate how skin Joss is related to the dimensions
and functional importance of any given area  Thus places strict hmitations on
the use of local flaps even with small wounds a consideration of particular
importance on the hand

LocaL FLaps rorR WOUNDS wiTHH MINOR SAIN Loss

It 1s frequently destrable to use a local flap to achieve part or whole of the
clasure of a hand wound  Such flaps when correctly used are most valuable
but incorrectly used they are procedures which can only add sult to jury
There 1s no end to diversity in the design of local flaps but all should serve
one or more of three main purposes and all are designed on onc or more of
three basic pnnciples.

The useful purposes of local flaps are  (I) To relicve tenston from any
important area where closure by direct suture would be dangerous or impossible
(2) to ensure that a vulnerable area such as bare bone, tendon or nerve 1s covered
by healthy skin and a fatty plane so that pnmary healing 1s assured and surface
scar precluded from the region  (3) to alter the site of direction of potenuial
scar or tension lines

The principles underlying the design of local flaps are those of rotation
advancement and “ Z  rearrangement

Owing to shin elastictty which varies m different regrons and under man)
arcumstances any precise geometrical design of a flap as often :lluslmcdf
cannot always be nmdly apphied  Many procedures rely on the clasticity ©
the shin for ther effect and this cannot be translated into straight hne
diagrams  Except on the dorsum  there 1s httle elasticty tn the shin of the hand
especally tn subjects such as manual workers wath thick shin Moreover any
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SURGERY OF REPAIR AS APPLIED TO HAND INJURLES

fiap design must be considered in relation to three planes as well as to Jocal
blood supply The safety factor of local viability 1s the first consideration
and mn rmsing any flap blood supply ts embarrassed

The Rotatlon Principle —If there is a small area of skin loss, the wound can
usually be sewn up 1n a strmght hne if the margins are freed from attachments
and anchorage by appropriate undermining.  This, however nvolves tension
depending on the area of skin loss relative to the amount of undermining that
1s practicable. In practice, the latter is associated with the length of the wound
If the defect 15 tnangular or 15 made trangular 1t can be closed mare easily
and with less tension by a rotation flap (Fig. 49) From one or other apex of
the triangular defect the masion 1s lengthened curving toward a line projecting
from the opposite basc of the defect. The length of this incision will depend
on the anatomical details of the regton and on the mobulity and elasticity of the
skin  If the flap so outhined is undermined the same defect can now be closed
more easily  Provided that the mudpoint of the skin margin on one side of the
enlarged wound 1s sutured to the mudpomt of its other side and subsequent
sutures accordingly we now have the tension distributed over an mcision much
longer Shin clasticity allows some rotation of the margin of the flap and
the tension caused by the skin loss 1s distributed over the whole suture line
Thus 1s the basic principle of a rotation flap  Though 1t 1s not often used in its
stmple form the principle 1s elaborated 1n other local flaps It 18 merely a
manceuvre which distnbutes tension over a larger area to diounish it 1 any
one vulnerable site. The larger the secondary meision the greater the effect
in disserminating tensson  There is no secondary defect with a true rotation flap

The Advancement Principle —This is a means not of distributing tension
but of transferning a defect from one area to another  This is generally from
a vulnerable to a less vulnerable aren such as from that overlying a fracture
sie to some remote soft tissue area  If properly designed an advancement
flap can be sutured over a vulnerable area without tension It creates an
equivalent secondary defect which can be grafted closed by further plasuc
mancuvre or perhaps even left to secondary intention healing. 1Its effect 18
at once lost if the margin remote from the wound is sutured bach whence 1t
came-—a common mistake

It should be noted (Fig 49) that an advancement flap pivots on the pomnt X
and not the point B The pnme consideration of design therefore s that
AX=A X not that AB=A B Il AX 1s less than A X when the flap s
advanced over the defect there will be a diagonal tension hine A % across the
flap This common nustake jeopardises the blood supply AX can be made
equal to A X cither by increasing the length BA or prolonging the mncision AX
as indicated by the arrow near to the projection of A B

The extent of these manceuvres must be governed by overall dimensions
and blood supply (Figs 50 and 51)

Combizatfons of the Rofation and Adsancement Principles arc commonly
applied  The elements of design of this flap are again shown in Fig 49 The
parucular feature 1s the reentrant incision at the base of a rotation flap Bya
combination of rotatron and advancement, 1t 1s then possible 10 close both the

56



METHODS OF WOUND CLOSURB AS APPLIED TO THE HAND

wound and the secondary defect, which 1s a smalier triangle in the region of the
reentrant cut.  The latter 1s closed by further local rearrangement or by suture
1n an opposite direction to the lne of re-entrant inciston.  Most of the tension
due to the rotation effect 1 distributed to this area remote from the wound
Much more skin than the area of the wound to be covered must be available
before flaps 1nvolving the rotaton principle can be applied with good effect.

Fr. 50
A siarple adTancement fiap on the dorsam of the hand
A, A recent injury from a circular saw with skin loss and tendon damage.

B, Showa a simple advancement flap to cover this arca. Th“h?x sze and sttuation of the defect
are suited to the e of a local flap  Compare with that in Fig. 51 of thhs chapter The secondary
defect Is covered with a split-skin graft.

Fa 51

A A simple advancewwnt fiap for a finger injury

Condition at the first dressing five after an advancement flap to cover a donal area of skin

o Tt o e o Dbl ol e o B bl e
on fect in o of or &

et of equraient sim thodld bo mos B, The ultimato result many months later—full function,

When a reentrant cut 1s made at the base of & flap the blood supply must be
assured  The marginal mcision of the flap should reach a line projected from
the base of the defect to be closed at a point not less than twice the length of
the base away from it. These factors strictly Lmit the size and site of wounds
which can be closed 1n this way on the hand. Most of the errors with such
flaps are due to design on too timid a scale  Whenever this method of closure
s under consideration the surgeon should ask himself  ** Does the area permt
of the design of a flap of adequate proportion and safety for this particular
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SURGERY OF REPAIR AS APPLILD TO HAND INJURICS

defect 7 In most cases on the hand the answer would be m the negatise
The method 15 used mostly on the bach of the hand as Mlustrated in Fig %2
which shows the desirnbly large proportions of such a flap for a particular dcfcc:
Thus we conclude that for most requirements local flaps on the hand should
generally be of the simple lateral advancement type
The tnangle 1s the basis of local flap design so that wounds must be so

Fu. 52

A rotathoc-adyancement flap
A, Shows the site of primary skin defect D —one of the few regions on the hand suited fo thr
MIKTUYTE

B Showy the oulline of the rotation-advancement fap and the sccondary defect DY with a splt
skin graft  Again note the literal design of flap necessary for thrs method.

C, D Show the uftrmate resuft with full correction of the dsabiiny absence of any secondany
disability and negligible scars.  There i ampie 1km in the thumb web,

tnmmed or shaped that they are tmangular or else of such shape as can be
reduced to tnangles. For a simple tnangular defect the basc of the flap should
be at the narrow end of the defect and its distal margin a little bevond the widest
diameter of the defect as in Fig. 49
For a quadnlateral defect (f.c two tnangles) closure might require
two latera! advancement Maps each with ns secondary defect to be grafied
(Fip 53)
EFor a fusform defect, ogmin considered as two tnangles the two
advancement flaps if made from the same side of the waund and ther ends
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METHODS OF WOUND CLOSURE AS APPLIED TO THE HAND

not separated, would constitute & single brndge flap  This 15 a common
usage of the lateral advancement principle 1n other body regions but rarely
used effectively on the hand It 1s a flap which 1s often misused and 1n any case

3\ areas excised to permit
\ flap advancement
Fa. 53

Desiru bn choszre of a quadrilateral defect
A double application of the advancement principle.

RIGHT WRONG
R
X

¢

A n

s

i

o)

n

X

F o

Fo 54

Design In closare of a fusiforn defect
The disadvantages and [imitations of the bridge fap for reasons cxplained in the text
arc obvious.

1L1s not sound n design (Fig. 54) because the widest portion of the defect can

only be sutured under tension for the reason illustrated  This objection would

be reduced 1f the ineisions rsing the bridge flap were prolonged and curved

a3 indicated but thus 1s contrary to safe blood supply It should only be applied
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

to the most slender fusiform defects 1t illustrates weil how there are always
constderations other than those of geometrical design

In the face of many such factors and vamables, absolute rules cannot be
sct down for design of local flaps for any given case of tnangular defect  On
this understanding, the following generahties are in the best nteretts of safe
blood supply (1) The distal margin of the flap should be just beyond the
largest diameter of the defect to be clased  (2) the base of the flap
should be nts broadest dumeter /e 1t should not contain re-entrant angles
(3) wherever passible, the base of the flap should be directed toward the mam
blood supply /¢ proximally otherwise the length of flap must be diminished
accordingly  (4) the secondary defects should be covered with a sphit skin

The Principle of the * Z ™ Plastic —This 1s a special applrcation of the
advancement principle, to alter the direction of a potential scar from lonptudinal
to transverse and so permut a closure by some degree of tenston suture
which might not be acceptable 1n the onginal direction It also makes
good some degree of shin loss 1n one dimension at the expense of the
other By rasing flaps on either side of a longitudinal wound 1t also permits
of a wider access to deeper structures as 1s sometimes 1ndicated in repamtise
procedures.

The basic design of @ “ 2 plastic is illustrated sn Fig 55 1t will be seen
that if transposition of the tnangular flaps 1s to be effective the length of alf
hmbs of the * Z ™ should be equal and the angles between each arm and the
central limb should also be equal  When the flaps are cut, the apreal angle of
cach flap narrows whilst the defect widens. By wideming the angles of the # Z.”
more relaxation ss obtamed 1n the axis of its central hmb at the expense of
transverse tension which mncreases with the difference in length between CD
and AB  The wider the angles, the more difficult transposition becomes  Jn
practice the angles should range somewhere between thirty and sixty degrees,
depending on the desired effect and the blood supply of the flap  This ta tum
depends on the sue and thickness of the flap  With angles beyond sidy
degrees the flaps cannot be transposed and below thirty degrees CD becomes
less than AB  Angles of sixty degrees give an optimum cflfect.  This means
desigming cquilateral trangles  The standard  Z ™ plastic can be modificd
1 many ways to serve partrewlar requirements  Sometimes the angles are made
unequal sometimes the hmbs of the “Z™ arc curved off to give rotation
effect

On the hand *Z " plastics are most effectsve 1f after tmnsposition
the central hmb of the Z ™ comes to lie i the transierse crease hnes,
especially on fingers.  The only reason why this procedure 15 not more
often apphed 1n primary treatment 15 because most loer wounds of the

hand are already i a transverse axis m a finger are
rot common

{t must be emphasised that the © ae problem
of skin loss over anarea Mt can ¢ rnn\u by

introducing tension on the other o
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formation m & non acarred area or for a contracted linear scar It often failg
when skin loss, not always self-evident, has been overlooked because of scar
contracture 1n a foreshortened area,

transposition
becomes

ineffective
IcssIlcngth

less tension—m8H—7m 4

transposition

becomes more|length
impossible
more te JR
Fa 55
Desten of b  Z ™ plastic

1 The normal of & “Z " plastic the relative increasc In kength in ono diameter
Hﬂwhkhh btak "é’yom', hion of 1 Baps.

1.Thﬂtﬂcctofmnuwh:glhnmﬁ:lo(th:'Z“nodntmmpothbﬂ\lmrmldyfﬂhtulmln
, the object of & “ Z ™ plastic.
The effect of opening the angles of the “ Z * 5o that the ith itmately
becomes impossible.

GRAFTING OF WOUNDS WITH MAJOR SKIN LOSS

, When pmary closure 1s needed for wounds with major degrees of skin
;:, some form of shan graft 13 incscapable These wounds constitute two
Ups according to whether or not the wound 1s susted to the direct use of a
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to the most slender fusiform defects. 1t illustrates well how there are always
constderations other than those of geometnical design.

In the face of many such factors and vanables, absolute rules cannot be
sct down for design of local fiaps for any given case of tnangular defect. On
this understanding, the following generalities are in the best interests of safe
blood supply (1) The distal margin of the flap should be just beyond the
largest diameter of the defect to be closed (2) the base of the flap
should be 1ts broadest diameter l.e., 1t should not contan re-entrant angles
(3) wherever possible the base of the flap should be directed toward the main
blood supply /e proximally otherwise the length of flap must be diminished
accordingly (4) the secondary defects should be covered with a sphit skin
graft.

The Priociple of the *“ Z ™ Plastle.—This 15 a special application of the
advancement principle, to alter the direction of a potentral scar from longitudinal
to transverse and so permut a closure by some degree of tension suture
which mught not be acceptable i the ongmal direction 1t also makes
good some degree of skin loss in one dimension at the expense of the
other By raising flaps on either side of a longitudinal wound 1t also permuts
of a wider access to deeper structures as 1s sometimes indicated 1 reparative
procedures

The basic design of a “Z  plastic 1s illustrated in Fig. 55 It will be seen
that 1f transposition of the trangular flaps 1s to be effective, the length of 2ll
Iimbs of the Z should be equal and the angles between each arm and the
central Imb should also be equal When the flaps are cut the apical angle of
each flap narrows whilst the defect widens By widening the angles of the * Z,
more relaxation 1s obtained 1n the axis of 1ts central mb at the expense of
transverse tension which increases with the difference 1n length between CD
and AB  The wider the angles the more difficult transposiion becomes  In
practice the angles should range somewhere between thirty and sixty degrees,
depending on the desired effect and the blood supply of the flap  This in turn
depends on the site and thickness of the flap With angles beyond suty
degrees the flaps cannot be transpoted and below thurty degrees CD becomes
less than AB  Angles of smixty degrees grve an optmmum effect.  This means
designing equilateral triangles. The standard “ Z ™ plastic can be modified
1n many ways to serve partrcular requirements  Sometimes the angles are made
unequal somctimes the hmbs of the “Z are curved off to give rotaton
effect.

On the hand, *Z plastics are most cffective if after transposition
the central hmb of the *Z" comes to lie 1n the %:gcrsc cmastc Il:\crs.e
espeaally on fingers. The only reason why this p urc 13 not Mo
often ngphcd n gpmmary treatment 13 because most lmear wounds of the
hand are already n & transverse axis. Longitudinal cuts on a finger are
not common

It must be emphasised that the * Z  plastic cannot cope with the problem
of skin loss over an area It can only increase the dimension 1n one axis bg
introducing tension on the other axis It 15 an ideal manccuvre for a we
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formation in a non-scarred area or for & contracted linear scar It often faus
when skin loss, pot slways self-cvident, has been overlooked because of scar
contracture m a foreshortened area

transposition
becomes

ineffective
IzssIIzngth

less  tensionw————— .

transposition
becomes more{length
impossible

more te 4R
Fra. 53
e Desigy of the # Z plastic
medn“z*mmwmu increass in kength in ooe dameter
which js obtained by o\f, faps.
Lmd‘““mﬂruﬁuo‘ﬂt“Z’wtwtmmpurlxbnulﬁnntdyflﬂuantdn
s the object of o “ Z ™ plashe.
The effect of operung the angles of the “ Z ™ 5o that the
becormes impossibie

P Y

GRAFTING OF WOUNDS WITH MAJOR SKIN LOSS

When pnmary dlosure 13 needed for wounds with major degrees of skin
" some form of skin graft is wnescapable  Thesz wounds constitute two
E10Ups according to whether or not the wound 1s suited to the direct use of a
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free skin graft. The exposed tissue may be an unsatisfactory base for a free
graft A more bulky soft tissue cover than free skin may be indicated by the
requirements of function or of repair mmmediate or delayed. Even in these
circumstances however some free graft 1s usually required for the secondary
defect whether nearby or 1n & remote area.

Free Skin Grafts —Any of the arbitrary thicknesses of free skin graft up
to and including the whole skin depend for their continued survival on three
cardinal factors  First a recipient surface from which 1t can denive nutrition
and quickly become revasculansed during a lag period before cell death. All
tissues normally satisfy this requirement except bare bone, bare tendon, bere
cartilage or joint capsule Secondly the graft must be maintamed in direct

B____ —_— hao?
Fra 36
Primary free grafls for trecmatic womsds
Two cases where splitakin grafis have been applied in the primary t of recent traummtic
Infuries with skin loss A, on the after & crcular mw ijury B, on the back of the hand
ter a transport acckdent.  Both pictures were taken &t the lﬁ\tO:y!lﬂcrh:\Jwy In

and undisturbed contact with the recipient area for a time, which increases
with the thickness of dermus n the graft  Thirdly the graft must be autogenous.

Provided these three needs are satisfied there 1s no * chance  element 1
the take of skin grafts, as 1s often suggested Failure of skin grafting s due
only to misjudgment or errors of application and techmuque  Anything which
scparates a graft from its bed such as pus, blood inadequate or disturbed
pressure fixation will cause failure not perchance but for a defimte reason

Split-skin grafts of half or two-thirds skin thickness are the most satisfactory
for routine use on the hand (Fig. 56) They are usually cut from the upper
thigh the arm or the abdomen sccording to the amount and thickn?ﬂ
required The usual small arcas needed can with modemte practice be mﬁ
and evenly cut by the free hand method using a Blair or Humby kmife‘ he
many such cases only local anssthesia i1s requirced  Larger areas as for e
whole back of the hand are more casily cut as an even one piece praft wit
dermatome
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Grafts of approximately half skin thickniess carry a good bulk of the dermal
fayers They compromuse between the advantages of a thinner graft wiuch takes
more quickly and easily and those of a whole-skin graft wiich has mimmal
subsequent contracture better ultimate texture mobility and sensory function

Thinner split skin grafts are only ndicated as temporary skin dressings
when aither their subsequent replacement or a more proximal amputation is
envisaged  Under these circumstances, contracture and wrmkhng m the graft
do not matter The Thiersch or eprdermal graft, in 1ts true meanng, 1s never
indicated

Whole-skin grafts * (Wolfe or dissected grafts) offer the best functional
result 1n hand defects especially on the palmar aspect, but they have a very
hmuted applicetion wn practice  The extra thickness of dermis renders their
take and subsequent existence more precartous An even soft tissue base,
metrculous hemostasis and absence of infectson must be guaranteed and the
peniod of pressure fixatton must be maintained for seven to ten days. Whenever
skin 13 avulsed from the hand the fat 1s generally removed as well so that
these conditions do not often occur  When they do, however we believe that
whole-skin grafts are warranted on the palm and volar aspects of fingers by the
wproved results which ensue,  Smaller Wolfe grafts vasculanse more quickly
and more easily than larger ones, as also do those taken from donor sites where
the skin1s thinner - The donor site of & whole skin graft presents 1ts own problem
of dosure.

Whole-skin grafts may have occasional application 1n cases with extensive
skin avulsion if the skin has not been damaged If Jocal conditions are
favourable, the skin of these flaps can be replaced and treated as a free
whole skin graft, provided the fat 13 all carefully removed from 1t Such flaps,
of sutered I 1010, would certainly slough but the skin of the flap 1f undamaged
15 potentially viable and may be used as a free graft  There 15 no problem of
donor site  In practice, however, this method 1s rarely used, as the type of injury
1 which 1t may appear to be useful 1s usually associated with direct damage to
the skn stself of & degree which would make 1ts survival as 2 free graft unlikely

Attached Flaps —When conditions are unswited for free grafts or when the
special advantages of a flap are required this can 1n some cases be obtained
locally by lateral advancement or by transposttion from a nearby area of the
hand (Fig. 50) Local flaps can only be used for small defects, and only if
they do not make secondary defects in important areas A flap from the side
to the front of a finger or fram the side of one finger to the front of its nerghbour
might be advantageous, but for the front of one finger to be attached to another
would be folly For this and other reasons we do not favour the common
practice of using palmar skin as direct flaps to finger tips

For all aceas of size or v hen jocal flaps would create unncceptable secondary

! The term ™ Thiersch gralt ™ bs generally misused

Icoce ayng ek i B vt Ao Lot SR o

tesue-paper thin epedermal or true Thiersch graft

m”;m * whale-shin graft = or * full-thickners graft ™ are frequently misappied to derote

of shin and
sy subcatancows thsue.  They mean the skin onty—the whole shin and nothing
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defects direct flaps must be obtained from other areas (Fj,
potentizl donor sites have their advantapes, but 1n the cho»cc(folrg' ur\?pan?c{:g’r
case the fullest consideration must be gven to the economy of the procedu:
the posture and comfort of 2 patient, the thickness and bulk of ussue rcquutr;
The flap must be carefully desgned
relative to sts shape and margmns, so
that the whole defect 15 covered at
the pnmary attachment. Raw areas
must be kept to & mintmum by care
ful grafting of all donor sites. There
should be 2 mummum of open flap
between 1ts attachment and base
Small flaps are generally more
difficult to design and manage than
large ones  For large flaps the
indications are usually inescapable,
but for small flaps we resterate
the need for careful discimunation
i their use  Further detals
of these procedures follow
Chapter VII

CLOSURE OF TRAUMATIC
AMPUTATIONS

The princples and methods
already considered have equal
force under this heading, for
amputations are but a vanety of
open wound. Though no new
principles are raised, the frequent
presentation  of these  wounds
warrants therr general conswdera
tion as an entity

In the pnmary management
of traumatic amputations, Rno

A primary flap must
Shows duactm’? the opposite arm ix st more {issue shoulddbc an:s
B L4 rom than is necessary to close a stu
Noto position of the thumb and fingers with the
e ﬂmjohuha‘gwdpuﬂmr_ with viable flaps. Nevertheless,

sufficient bone must be removed
to ensurc that the stump 1s closed without tension over the bone cudﬂl:e’
prevent flap necrosis and 1ts consequemces  Atguments concenun,zd o
1deal sites of finger amputation can generafly be ignored  After a pert o
trial with the maxmum finger length that can be retained at nmm
operation the patient 1s usually the best judge of whether further amp

tion 1s requured
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METHODS OF WOUND CLOSURE AS APPLIED TO THE HAND

Filleted soft tissue from an amputation stump or a useless finger may prove
of inestimable value to secondary reparr 1n neighbouring areas (Figs 58 and 59)

Fio. 58
An epportoaity which exists only at a primery
operation

A, In this case excen of soft thsue from the middle
floger b5 used as a direct flap to another finger

B Mrugdmmmﬂ:‘pMMn

Fio 5%

Use of a filleted flap in primary ampurtation
A, Niostrates how » filleted flap from an amputated index finger
was used 10 repalr skin loss at the base of a neighbouring finger and
90 prechude scar disability
B A similar type of flap from sn amputated littke finger has been
used (0 prevent scar contracture from skin loss n the palm at the
base of the nng fimger

I_‘ may alleviate the necessity for lengthy staged operations and awkward positions
Ot the patient. Every ime we think we are “ cutting losses,” a phrase often
used, by amputating what must obviously become a paralyted anmsthetic or
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suff digil, we may also be cutting off some heaven sent materal for future
surgical repair

Nor 151t always nght to shorten still further all open amputation stumps or
finger tip areas of skin loss to effect closure  If the thumb or index finger s
mvolved or if there are other partial finger amputations on the same hand
repulping should be considered as a prmary measure in selected cases,

By providing adequate bone cover by either method, termnal osteitts 15
prevented  So too 1s many an adherent tender scar about a finger tip which
calis for treatment at a secondary operation. Nevertheless, many repuiping
operations have nghtly been criticised as over-enthustasm for restorative
procedures. A carpenter with a shortened finger who can return to hus work
15 better off than one with a vulnerable flap which prevents hum doing his job
without unreasonable details of care and constant awareness of his defect.
Management must be planned 1z relation to practical value and not surgrcal
fantastes.

In severe injuries the possibilities of ultimate reconstruction must always
be envisaged at the pnmary operation so that the best foundations are made
for that end. Repair mindedness can be cultivated—ability to visualise the
optimum end result and how to achieve 1t



CHAPTER VII

TIDY HAND WOUNDS AND THEIR COMMON
SUB-TYPES

HIS group mcludes all the mjuries produced by sharp-cutting edges It
Tmng:s from simple small and uncomplicated skin cuts to deep and

extenstve gashes which may be comphicated by severed tendons nerves
and mayor vessels

In the household knives, tin edges, broken glass, bread-cutters and all
sorts of kitchen implements make such 1njuries commonplace. The problems
of children who play with broken bottles or trip and fall with a glass i the
hand or when putting out the miltk bottles for mother are tragically common

In industry guillotines plamng machines chisels, slaughtermen s knives
and the Like are all responsible for simtlar types of injury

These njuries have already been discussed mn a general way (p. 63)
Three special features, however, raise particular technical problems  They are
(1) skin and soft tissue loss (2) guillotine types of finger amputation  (3)
severed nerves and tendons

More than one of these features may be present in the same case but they
will be discussed n relation to particular injuries

THE SIMPLE UNCOMPLICATED SKIN CUT

The majonity of minor skin cuts require no more than careful cleansing
and adequate cover until healed. They cause trouble only when these simple
family remedies are neglected and sepsis results The enormous saving in
absenteersm by the setting up of efficient first aid stations 1n factories bears
:t”r‘l':]ng tesuimony to the value of careful treatment of common lesions however

The deeper or more extensive cut, still uncomplicated by damage to essential
structures 15 often the cause of indecision on the part of the first-aid attendant
and even the doctor as to whether 1t should be sutured or simply dressed and
lelt to heal There 13, however no doubt that the wound that s subjected
1o careful surgical cleansmg accurate edge to-cdge suturing and adequate
mmmobilisation will heal soonest and with the least scarring. If combined with
this practice, a routine injection of antr tetanic serum and of procame penteillin
1 &dded sepsis will be kept at bay end the optimum result achieved n the
shortest time.  There must be few surgeons who would not expect such
treatment if they accidentally cut their own hands, and, after all that ss the
uliimate eriterion by which any method of surgery should be judged

SLICING INJURIES WITH SOFT TISSUE LOSS

. b;’umc loss 1s not only a problem of unudy injunes, for it may present as
hsed defect of @ most precise and clean-cut nature
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SURGERY OF REFAIR AS APPLIED TO HAND INJURIES

Glancing or tangential 1njuries with knife blades or

glass or from gougng,

planing, chopping or slicing machinery may produce clean-<ut areas of

Fia, 60
Sliciag lofory with tiswe loas—treated by free prafts and
Jocal flap

The In| Tho flexor undus was exposed 1n
& mpmnlmmoermm

Firxt dreming, after -tkin to index, middic
ki fernent to
n graft supp

finger to cover the area of
m‘ b The end result one year later

ultimate hzmostasis for gross bleeding 1s

skin and soft tissue loss un-
complicated by damage to
other structures The resulting
oblique and shce-off defects
generally involve either a finger
pulp the exposed side of an
index finger thumb or little
finger the thenar or hypothenar
regions,

For any defect of ignificant
size relative to the regon the
obyect of treatment 13 primary
skin replacement. In practice
this 15 achieved by one of two
means.

Free Grafts of split skin
achieve satisfactory and queck
healing 1if the exposed wound
surface 1s a suitable base for
a free graft—f e if there 1s no
exposed bone, jont, tendon or
nerve (Fig. 60) These features
are often obscured by adherent
hematoma After cleansing
and tnmming the tissue defedt,
hemostasis must be assured.
The graft should be cut
moderately thick—half to three-
quarter skin thickness. On
finger areas 1t 1s not usually
necessary to anchor the graft
with sutures, but the pressure
dressing must be applied with
great care to prevent sheanng
off of the graft when a round
and round bandage is appired.
The bulk of the dressing should
be kept to a mummum on the
fingers, but full immobilisation
13 essentsal

The practice of relying on
a pressure dressing 1o achieve

not to be recommended The

pressure required 18 generally too tight for a finger and more than enough 1o
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

4 Abdominal Flaps have special indications either for large areas or where
multiple flaps are required or if thicker flaps are needed (Fig. 63) Although
fixation and maintenance of posture are more difficult if the tpselateral side

Fia. 61
Slicing kijury with tume Jovs treated by cros-finger flap
A, B, Domal from the middle attached to the margins of

flap
the pulp defect on the 1ndex. t-4kin graft to donor site.
C, D End resuit, Sentory exammnation of the grafted area two years
transfe ollows —

Light towch—von Frey 38 detected emaily  More sensitive on the
flap (softer skun) than on the palp of other fingers, but the same on
1be flap as on the arex of onginal ped whch remalns.

Pin-prick—hyperalpetia and tinglmg. A prick i painful cven at

nn-pabu! he

discrimination—on other finger pads, 2to 3 mm. on t
fted arca, 5 mm.  on the back of finger i, region of donor uic

to 10 mm.

Temperature apprecuation within normml hmits—easlly detects 2° C.
change in a cool room.

of the abdomen 15 used these disadvantapes are outweighed by the mobility

allowed 1n the larger joints  With careful design of the flap in a posiion o

natural ease we have relied on bandage and Elastoplast restrant bed posture
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rarely use plaster
es of the

TIDY HAND WOUNDS AND THEIR CO

o mantain posiion.  We

and pillow arrangements U
site 16 important during the early phas

Immobilisation of the actual

Fa. 62
Sticky Inkrry with thysme loys—treated by crom-finger
A, The Injury showing exposure of flevor tendons g

B, Shaws the defect covered primarily by & direct
flap from the dorsum
ﬂ:rcond.lrydcfcammdbynhﬁmm-nmmor the mdex finger

C, D Three weels hater bt prioc to flap detachment, E, F The end requtt

attachment but some mobilit;
y 1s encouraged 1n remote joints  Pres
are avolded entirely if plaster 1s not used  Such s the eal:tly cerebmls;xr:tjgr:u”
™



SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

of & posture that more active nursing cfforts are often required to achieve
movement or change m posture than to maintain a fixed position.
The basic design of dwect flaps must be thoroughly appreciated.t
A fabrnic pattern 1s needed for
this purpose, working 1n reverse
from the desired result through a
stage of mumic attachment to the
donor site. Only in this way are
absurd mustakes prevented The
complete area required for the
defect should be attached at the
mnrtial operation o that no further
arcz of flap 15 applied at the second
or detachment stage. The smaller
the flap the more careful and
accurate must be 1ts demign and
onentation.  Indeed precision In
dealing with a small area is more
difficult than with a large area.
Rarely can a direct flap be detached
with safety 1n less than three weeks
A delay operation 15 indicated
if for any reason, more flap aren
15 required than that imtmlly
attached
Direct flaps are incompatible
with out patient management, at
least dunng the early days of
attachment It must thus be realised
Slking lafory with tirsme lom—treated by abdomicay  that such operations should never
fap be undertaken light heartedly The
A, Theinjury cauwcd bya planing machine, in which  commitments of time and tedim
B e o v mirdsy o the patient and of detarled design
wero all exposed. and technique for the surgeon must
B Tho defect covernd Pdaﬂ'y by a diret  pe fylly appreciated if the many
hazards of the procedures are to
be offset. Carefree use of such operations 1s conducive to failure and to the
addition of further msult to an injury which already exists

GUILLOTINE AMPUTATIONS

Single or multiple gillotine finger amputations usually result from chopping
accidents or cutting machinery  The jagged saw wound does not come into
this category Open bone section 15 the feature of the lesion and primary
closure of the wound 15 essential, except perhaps in smalt children when these
injunies heat quickly if kept clean by simple dressing routme.

Gillies, H D (1932) The design of duect pedicle flaps. Brit med J 2, 1008,
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TIDY HAND WOUNDS AND THEIR COMMON SUB TYPES

As the open end of the digit 15 virtually
can only be achieved either by further bone

a wound with tissue loss, closure
resection and suture of the local

available soft tissues or by soft tissue supplied from another area  In addition

sturop too short to be of any valic,

to what has already been set out on page 94 concerning traumatic amputations
the following generalisations can be applied to these injuries

There are many superficial slicing injunes
to the sides and ends of the finger tips which
do not involve exposure of bone  These
wounds can be covered effectively by sphit skin
grafts provided there is sufficient subcutaneous
tissue remaming to protect the deeper struc
tures. How effective this remams will depend
on its exact position n relation to finger tip
apposition areas, The guillotine amputation
stump however with 1ts adherent hematoma
over the area of bone section, is often wrongly
regarded as a suitable base for a free grafi.
The graft generally fails to survive over the
bone end which s thus ieft ex

Fra. 65
The bone end i left cxposed and prooe
to sequestration and adberent palnful
scar

posed and et udstrat d adh
painful scar (Fig. 65) prone to sequéstration and adherent

The treatment of election for most cases 18 to resect further sufficient bone
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of a posture that more active nursing efforts are often required to schieve
movement or change n posture than to mamtamn a fixed posttion.

The bascc design of direct flaps must be thoroughly appreciated.t
e A fabric pattern 1s needed for
y this purpose worktng m revense

from the desired result through a
stage of mymuc attachment to the
donor site  Only in this way are
absurd mustakes prevenied. The
complete ares required for the
defect should be attached at the
1mtial operation so that no further
area of flap 1s apphied at the second
or detachment stage, The smalies
the fap the more carefu! and
accurate must be ns dengn and
orientation  Indeed, precision in
dealing with a small aren 1s more
difficult than with a large area.
Rarely can a direct flap be detached
with safety in less than three weeks.
A delay " operanon is ndicated
if for any reason, more flap area
15 required than that mtaly
attached

Dicect flaps are Incompatible
8 with out patient nmn:;gemdin!. :}

o o least dunng the carly days

Fnufe;\)‘“ attachment It must thu]:0 l;cmm‘lncé

with Jow~treated by abdomizst (DAt such operations 8 ey
T e e i be undertaken hght heartedly The
w&u&m caused by machhe, inwhich  commutments of txmeuinﬂidl?;“m
emsvirs “’""', ‘T n““]mm mixies  [Or the patient and of d gn
oo o uvé:]-u cmm;d.w';m o and technique for the sl\;rgion mt.:t;

B ect covered  primarily s be fully apprecuated if the ma
‘abdominal fap. my of the procedures are 10
be offset  Carefree use of such operations 1s conducive to fmlure and to the

addition of further wsult to an injury which already exists

GUILLOTINE AMPUTATIONS

Stngle or multiple guiliotine finger amputations usually result from chopping
accidents or cutting machinery The jagged saw wound does not come nto
this category Open bone section 1s the feature of the lesion and Pﬂ“:;
closure of the wound 1s essential except perhaps in small children when {
mjures heal quickly 1f kept clean by simple dressing rounne

Gilles, H D (1932). The design of durect pedicle flaps. it med 4 2, 1003,
102
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Fia 66

Gelllotine amptation of index fuger tip treated by cross foger flap
It should banomdlhnd:donouheformeﬂﬂumwmafﬂ:
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TIDY HAND WOUNDS AND THEIR COMMON SUB TYPES

to enable the fashioning of soft tissue flaps and so permit of accurate closure
without tension. Hematoma 1s the chief cause of sccondary breakdown
Throbbing pam 1s its tell tale symptom ~ With present-day use of plastic
techniques in casualty departments there 1s a common tendency to forget that
this ssimple procedure 1s the treatment of choice 1n most cases.

Where the thumb or index finger 1s involved retention of all possible
length 1s important The same may apply 1f more than one finger has been
damaged In such circumstances repulping of the
defect with a direct flap offers special advantages and
ments consideration In the past direct flaps from
the abdomen the chest and the opposite forearm have
often been used for this purpose  However expern
ence has shown that abdominal and chest flaps which
are tedious to design and fix make poor substitutes
for finger pulps The skin texture 1s wrong, the flaps
are usually too bulky and they develop poor sensory
function Though forearm flaps are still used for
multiple fingers or for larger areas of tissue loss, we
have come to prefer cross-finger flaps whenever they
can be designed with safety By using distally based
flaps from the dorsum of a donor finger and carefully
adjusting the degree of finger flexion a safe flap can
be designed for each finger tip area (Figs 66 and 67)

We arc averse to the use of direct palmar flaps Fra 68
in tepulping amputated finger ends This nvolves  rgaments, of il are
the spoiling of a most important area of the palm bed should be remowed In
and the fixatton of a finger in such a degree of flexion PNl amputation through
for such a period that the recovery of full extension
may be unduly prolonged or even incomplete  Moreover the flaps do not he
as nicely as those that can be designed from other regions Despite the
successes which have been clmimed for the method its hazards do not warrant
general application

Before applying direct flaps to distal finger stumps, small residual remnants
of nail bed should be removed  If left their subsequent irregular growth on
the surface or under flaps may mar an otherwise satisfactory result (Fig. 68)

INCISED WOUNDS INVOLVING SEVERED TENDONS
AND/OR NERVES

" The most important structures damaged tn tidy wounds of the hand are

lhc tendons and nerves separately or 1n various combinations. We consider

these together because in practice they are generally associated  In passing

:fmt: (ijcull:cdcc;‘oansxdcmuon of their primary management 1t must be recognised
n this chapter we are concerned only with the ol

seen within a few hours of the tnjury 4 ¢ clean-cut inased wound
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

There are many vanations i tendon and nerve injunes, but one very
mmportant prnciple, common to all can be Iaid down—that, with one Important
exception, primary repair of the divided structores, whether tendon or rene or
both, Is indlcated In all cases where the patlents general condition would not
be prejudiced by such & procedure  The one exception which we concede 15
where the long flexor tendons are divided at any point between the metacarpo-
phalangeal joint and the proximal interphalangeal joint  The reason for this
exception will become apparent Iater

Some have advocated delayed repair for all these structures for a vanety
of reasons  Perhaps the earliest and most powerful of these was fear of sepus,
and there 1s no doubt that until a few years ago this was sound and reasonable
argument  But since the advent of antibotres this fear of sepsis s a thung of the
past, provided that all ordinary surgical principles are respected  We have
had no case of pmary tendon or nerve repar which has faled because of
scpsis n the last twelve years

Others have clamed superior results from delayed repair sn the case of
nerve 1njuries, largely on the basis that proximal and distal damage and reactron
along the nerve cannot be accurately assessed at the primary operation, and that
thickening of the perineurtum during the waiting pertod makes the technique
of repair impler

Most clean incised wounds have been inflicted by kmives, fragments of
glass, razor blades and similar agents 1 a single rapid action e have littke
reason to beheve that in such cases the amount of damage to the nerve is
appreciably greater than that which may be mflicted a second time some weeks
Iater by the surpeon when he exposes, 1solates and again sections the nerve 1n
the process of a delayed repar  Other largely hypothetical considerations have
been raised to support the thesis of delayed nerve repair - One emphasises the
value of suture after a sufficient time has clasped for axonal degeneration in the
distal segment  This work, however 1s [argely speculative and has not received
general confirmation  Indeed 1t appears to us that the only vahid argument that
can be rmsed 1 favour of delayed nerve reparr 1n tidy wounds is that of
expediency We would be in entire agreement that 1f at the time and place
where the 1njury oceurs there are not the requisite facihties and personnel
avatlable to deal adequately with the problem, 1t would be far better to decrde
upon delayed reparr than to enforce the principle of primary reparr at all costs.
But this can hardly be introduced as a leptimate argument when considertng
truly surgical indicattons  nor has 1t any force under modern civil conditions
of specialist surpical centres and rapid transport  War-time conditions of
course, may call for a different atutude

In the five years that have clapsed smce this book was published our
continued experience of the prmary repair of nerve jures in tidy wounds has
served only to strengthen our comviction of the essenunl correctness of this
procedure It behoves any surgeon who advocates a delay of several weeks
before repainng important structures such as major penpheral nencs not only
to demonstrate that they can be 5o treated with good results, but also to show

¥ Nicholson, O R & Seddon, H ) (1957)  Nenve repair 1o enil pesctice Ak med S 2 HO3S
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clearly that the results are sufficiently supenior to those of primary reparr to
jusufy the social and other consequences attendant upon the delay and the
duplication of surgical procedure.  This 18 something that Seddon,' who has
for many years been a strong advocate of secondary nerve repair, sppears never
to have done. The only cases of pnmary repair that he has mentioned as
providing materal for comparison are cases seen n his umt after pnmary
freatment elsewhere Such compansons are worthiess Equally worthless are
the ferences drawn from any recorded series of cases which takes no account
of the ages of the patients treated  The extraordmary differences 1n speed and
quality of recovery between young children and riddle aged or elderly patients
sumply cannot be ignored—the age of the patient 18 of the most profound
prognostic significance  We believe that no surgeon who has had the
opporturuty of bringing a high order of technical skill and expenence to bear
upon the pnmary repair of one or more major peripheral nesves 1n a child of
say 4 ot 5 years of age and who has seen the extraordinary speed and high
quality of regeneration dunng the following three months would willingly
abandon this 1 favour of & tedious secondary exploration and repair ofien at
the pomt of division of the nerve mto branches and often at & time when
maximum mobihty 15 required for the recovery of associated tendon injuries
All that Seddon and his collengues have demonstrated 13 that m a specialist
unit where a high order of technieal skill and experience are concentrated the
secondary repaic of periphern] nerves can give good results  We beheve,
however that they would obtamn the same or better results more simply and
with far Jess time and trouble to the patient if they were to bring the same order
of skill and experience to bear at the time of the injury

In accepting the general pnnciple of primary repair we can now discuss

the particular problems which the teadon and nerve snyuries preseat in different
situations,

TENDON AND NERVE INJURIES ON THE PALMAR SURFACE
OF THE HAND

In the Fingers —This area 15 regarded as extending from the metacarpo-
phalangeal jomt to the finger up and sncludes the distal portion of the palm
as far prodmal os the commencement of the digital theca. Occasionally
tendons or nerves alone may be damaged 1n smal! puncture wounds, but the
typieal imjury in this region mvolves one or both tendons and more often than
niot, one or both volar digital nerves

In this sstuation the tendon damage overrides the nerve myury in importance,
particularly when only one nerve 15 cut  Nevertheless ui:rry'rcrvul:;ust be’
respected and dealt with on their merits  There can be no excuse for overlooking
them for an anzsthetic finger is no small handicap  Spontaneous nerve
regentration 1 common enough n the distal half of the finger but when the
man merve trunks are divided near the base of the finger st rarely occurg—
particularly when the ends are (urther separnted by the exposure and
mampulations required 1n dealing with the tendons. The digital nerves are

* Seddo, H 3 (1349)  Prec roy Sec Afed. 42, 427
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structures of apprecuble size and 1rrespective of what 1s do
they should be repared pnmanly 1n all grs. ne {0 the tendons

Dyvided tendons 1n this area have always presented one of the dufficuly
problems in reparative surgery  Despite the fact that 1t 1s over forty years since
Sterling Bunneil* first [aid down the fundamental prnciples involved regular
success 1n their management has come only to very few and to them only after
years of trial and error

Whenever n tendon 1s divided no method of repair however meticulous
and accurate, can prevent some adhesion between the tendon at the pomt of
suture and the surrounding tissues  Such 1s the nature of the healing process,
The best we can ever do 1s to reduce
this adhesion to a thin line of scar by
finesse i operative techmque,

In other situations where tendons
are surrounded by mobile paratenon
and loose areolar tissue an adequate
degree of tendon excursion can be
achieved by stretching this surrounding
tissue  although the adhesion remains
and there 15 no potential space between
visceral and patietal synovial layers

In the finger the tendon is enclosed
within a relatively rignd sheath which
has no such elasticity in the direction
of pull of the tendon The tnewitable

Fio 69 adheston at the point of tendon suture
P e e oy v "™ must therefore fix the tendon absolutely
Both tendons were severed over the proximal 1t 18 this fact which has accounted for
phalant. Only the flexor profundus was  the almost umiform failure of simple
repatred direct tendon suture n this region

Two procedures have been employed to overcome this problem

1 The first 15 to excise widely the tendon sheath except for a small
portion well away from the point of suture, which 1s left to prevent prolapse
of the repaired tendon  The adhesion at the site of tendon repair 1s now
to the subcutaneous tissue and through 1t to the skin  If the amount of
scar 1s mmimised tendon function can be obtained and i some hands good
results have been produced by this means (Fig. 69) In small children this
15 all that 1s required and good function 1s the rule for they appear to
retin some power of remodelling structures over and above the ordinary
methods of tissue repair  Nevertheless the amount of subcutancous tissue
1s not very great in the fingers and the flexor skin 1s relatncly ngd
Moreover postertorly there 15 only bonme or jount capsule and f as s
not uncommon the cut extends through the posterior synovial layers, Nittle
can be done to obwiate the cffects of adhesion here  For these reasons

1 Bunnell S. (1918). Repair of tendony m the fingers and descrmption of two now eniruAXT.
Swry Giser Obaret 26, 103.
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

make 1t quite impossible to repair the tendon directly as a secondary procedure
cven within a few weeks, and the only opportunity of restoring the end joint
function without prejudice to the proximal joint 1s lost  The tendon, however
15 often cut in the region of the first mterphalangeal joint or even as far
proumally as the commeneing bifurcation of the sublimis tendon  Jis repair
at this point could interfere with an intact sublim:s, and here agnin simple
skin closure ts indicated primanly  The indications for further surgery n these
cases are considered in Chapter XIII It 1s a good rule 1n pnmary treatment

Fio. 71 Fa. 72
Printacy repaic of fiexor dightermn profwsdes to sl Aofers
Fig. 71—Result after primary repair of flexor digi fundus of fittle finger—eut ust short of
1ts insertion.

Fig. 72—The profundus tendons to all fingers were drvided beyond the prodmal jnterphalangeal fomit.

that the function of an ntact sublimis tendon should never be sacnificed or
jeopardised

In the Palm —This arca extends from the distal end of the tmnsverse
carpal ligement where the tendons emerge from the carpal tunnel to the region
of the metacarpo-phalangeal joints

Here the snjury may be a localised puncture wound such as that infheted
by runmung a chisel into the palm when any or all of three structures related
to a particular finger may be divided  These are the flexor tendons, the common
volar digital nerves anstng from median and ulnar trunks and the lumbneal
muscles It ts noteworthy that in oblique penctrating wounds the pomt of
damage to any of these structures may be remote from the site of the punciure

In other cases the Ijury 1s more extensive, as when a knife edge 1s drawn
across the palm or a child falls with a glass or bottle n sts hand Structures
to more than one finger are often volved
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TIDY HAND WOUNDS AND THEIR COMMON SUB-TYPES

The rute of pnmary repair stands for all these mjunes. There are, however,
two other important principles which wifiuence treatment

Firstly a fully functioning flexor digitorum profundus, acung alone, will
do all that 13 normally required in finger fleon  The presence or absence
of the flexor sublimis has very httle effect on the everyday use of the hand.
Secondly, if two tendons are repaired side by side within a limuted space 1t is
impossible to avoid some degree of cross union. When this occurs the two
tendons move a5 one, and their combined effect 15 that of the tendon which 1s
attached more prommally  This means that the mdependent action of flexor
profundus 1s lost  For these reasons st has become sound practice to
concentrate attention on the flexor profundus alone when both tendons are
cut  Only the profundus 15 repaired and the sublimis 15 resected so that there
will bt no fear of cross-umon When the profundus alone 15 cut it 1s
repasred  when the sublimus alone 1s cut 1t 1s disregarded

The tendons lie deeply 1n the paim and are here surrounded by the loose
synovium of the ulnar bursa so that ngid adhesions do not present the same
problem as in the finger  In this region too the profundus tendons give nise
to the lumbrcal muscles which can often be wrapped around the point of
tendon suture as 8 forther insulation to numinuse the effects of adhesion
Primary tendon repair therefore can be expected to achieve good results at
this pomt, and there 15 no indication for any of the special procedures used 1n
the fingers.

On the ulnar side of the hand injunies at thus level do not usually wnvolve
the Jong flexor tendons but extend down through the hypothenar muscles to
ivolve one or both of the termunal branches of the ulnar nerve  The superficinl
portion of this nerve and its branches are easily identified and sutured but the
motor branch which supplies most of the small muscles of the hand, passes
deeply from tts onigin - The solation of its distal segment may involve a difficult
and tedious dissection in the depths of the palm through the angin of the
hypothenar muscles. Prmary repair of this nerve is of partrcular ymportance
for 1ts exposure through scar as a sccondary procedure 15 always difficult and
may be well mgh mmpossible.

At the Wrist —The charactenstic injury m this region 1s i
or ‘:gc lnccrguon s;xﬂ‘cred by t"nllmg mt.h“jtl'nl;youtstr:'.chcﬁx hand $:033§1 Se gl‘:;;
window or door It may tavolve man:
or both of the medan aid e y or all of the long fexor tendons and one

Here agan the tendons are surrounded by loose syno
reparr 18 indicited  The tendons  however, nrcy closely y;m;l:gj" ;’;lg‘;ﬁ:ﬁ
some cross union at suture points 13 mmevitable  This can be largely obwviated
:i mg} the subhrn:}i:clnc:dom m the region of the mjury and concentrating

Ul repaiT o xor pollic
s 31l ncompletely subdrrded a??hrs m’e‘l:;gm and the profundus group which

recogmtion and reparr of these tendons 1s 8 sumple matter at a
gpcrauon but can be tedious and difficult through o mass of scar at a scg:ngg'
rocedure

1t 18 our practice 10 repair also the nerves at the pnmary operation for
1t



SURGERY OF REPAIR AS APPLICD TO HAND INJURILS

whatever the ments or dements of delayed nerve rats

tendons and nerves be reparred at the same opcfrmroerfm Nolhirzﬂlt;ﬁi‘ tl)lcm;]:)hr:
prejudicial to the results of a tendon repair than to carry out a second operation
on the nerves 1n the regon and reconstitute immobilisation in flexton at the
very time when active mobihisation 1s necessary to restore finger movement and
to prevent flexion contraction.

The pnmary operation in these cases becomes therefore, a Jong and
tedious procedure nvolving several hours of patnstahing surgery often at an
inconvenient time for the surgeon, but it 1s the prceedure of choice and the
results can be among the most gratifying tn hand surgery (Fig. 73)

Fra. 713

Primary repair of tendoes and nerves at the wrist

Al structures anterior to the wrist were severed by a glass cut.  The median

and ulnar nenves, the fiexor pollxs longus and all tendoas of the ficvor

digitorum profundus were repalred primanly  The iflostrations show the

state of the hand eleven monihs after infury  The patkent lad recovered

sensation to the tips of all digits and motor recovery 1n refation to both
nenes was progressing.

TenDON INJURIES ON THE DoRrsum of THE HAND AND FINGERS

Injurtes of extensor tendons have never been regarded by surgeons with
the same apprehension as those of flexor tendons. Indeed onc often hears
experienced surgeons say that 1t does not matter much how you repair extensor
tendons for they always do well

It may therefore surprisc many when we say that in our opmnion this
generalisation 1s not borne out in practice and that some of the problems of
extensor tendon repair are at least as difficult as those of flexor tendons, f
not more so

The reason for this divergence of opimion 1s not “ d—t lies
1n the standards by which results are In the tendons
the result has to produce an almost cn re 1t
becomes worth while and before the 1 aer



TIDY HAND WOUNDS AND THEIR COMMON SUB TYPES

an embarrassment to the hand  On the contrary nothing like the same degree
of perfection is required of extensor tendon repair before the finger can play
a useful part in hand function

Because of this one finds generally a very different standard of values 1n
the two cases  Results are assessed not so much on a basis of how the repaired
extensor tendon functions 1n relation to normal as on how much 1t embarrasses
the function of the hand as a whole 1n 1ts everyday use  While such a2 method
of assessment 1s, no doubt, of considerable practical value 1t cannot be taken

as an index of surgical accuracy and perfection

We consider that a true evaluation of results can only be made by careful
companson with the normal It 1s only with the normal as our standard that
we are likely to make progress in this important ficld of surgery

There are a number of differences between flexor and extensor tendons
which make for greater difficulty in the matter of successful repair

I The extensor tendons are flat and 1n parts very thin, This makes the
technique of suturing with accurate end to-end apposition and without fraying,
overlap or * bunching up ** of the tendon ends more difficult

2. On the dorsum of the hand and in particular on the fingers there 1s a
relative lack of soft tissue cover which makes adhesion between the tendon
and the surface difficult to overcome  Extrusion of non-absorbable sutures 1s
also more Likely

3 Bopes and jomnts are much closer to the dorsal surface, and concurrent
mjury to these structures 1s more common than on the flexor surface.

4 The distinction between the extensor tendon and the posterior capsule
of the finger joints 15 lost and a divided tendon 1n these regions means a tendon
repair over an open joint.

5 The subdivisions of the extensor tendons their attachments and their
relation to the overall function of finger extension are far more intricate and
more difficult to restore accurately than in the case of flexor tendons

The problems listed are real ones and therr solution 1s 1n some cases still
along way off  As on the flexor surface, the difficulties are greater on the finger
than they are on the hand and wrist These difficulties are to some extent
offset by the absence of any rigid sheath such as encloses the flexor tendons 1n
the finger and by the fact that the degree of tendon excursion required to
produce full extension 1s less than that 1n the case of the flexor tendons

Certain regional problems of extensor tendon repair can be set out as follows.

Distal to the Metacarpo-phalangeal Jolnt —Although the tendon expansion
may be divided at any point 1n this region the typical injunes occur over the
prominent joint regions when the fingers are 1n flexion  Two separate problems
anse m relation to each of the interphalangeal joints.

AT THE PROXIMAL INTERPHALANGEAL JOINT —Here the expansion 1s broad
and consists of a central portton which 1s passing to an attachment at the base
0; the middle phalanx, and two lateral clements which spread round the stdes

:Jh the jolnt and consist largely of the tendons of the short muscles as they take
m‘" part in the formation of the extensor tendon complex It 15 the central
P l‘y;ng taut over the back of the flexed joint which 1s so prone to mjury
113



SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

whatever the ments or dements of delayed nerve repair it 13
tendons and nerves be repatred at the same opcratinnlia-| Noﬂumzﬁ ll)tcmx:m‘hc
prejudicial to the results of a tendon repair than to carry out a second opcmuor:
on the nerves 1n the region and reconstitute immobilisation 1n flexion at the
very time when active mobilisation 1s necessary to restore finger movement and
10 prevent flexion contraction

The pnmary operation in these cases becomes, therefore a long and
tedious procedure 1nvolving several hours of pamstaking surgery often st an
mconvenient ume for the surgeon but 1t 18 the precedure of chorce and the
results can be among the most gratifying 1n hand surgery (Fig. 73)

TENDON INJURIES ON THE DORsuM OF THE HAND AND FINGERS

Injuries of extensor tendons have never been regarded by surgeons with
the same apprehension as those of flexor tendons. Indeed one often hears
experienced surgeons say that 1t does not matter much how you repair extensor
tendons for they always do well

It may therefore surprise maoy when we say that i our opmnion this
generalisation 18 not borne out n practice and that some of the problems of
extensor tendon reparr arc at least as difficult as those of flexor tendons, 1f
not more so

The reason for this divergence of opinton 1s not difficult to find—it Jies
1 the standards by which results are measured  In the casc of flexor tendons
the result has to produce an almost complete range of finger flexion before 1t
becomes worth while and before the finger fulfils its purpose and 1s no longer
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TIDY HAND WOUNDS AND THEIR COMMON SUB-TYPES

an embarrassment to the hand  On the contrary, nothing like the same degree
of perfection 1 required of extensor tendon repair before the finger can play
& useful part m hand function

Becauss of this onc finds generally a very different standard of values in
the two cases. Results are assessed not so much on a bass of how the repared
extensor tendon functions m relatton to normal as on how much 1t embarrasses
the [unction of the hand as a whole 1n 1ts everyday use. While such  method
of assessment 18, no doubt, of considerable practical value, it cannot be taken
as an mdex of surgical accuracy and perfection

We consider that a true evaluation of results can only be made by careful
companson with the normal It 15 only with the normal as our standard that
we are likely to make progress m this ymportant field of surgery

There are a number of differences between flexor and extensor tendons
which make for greater difficulty in the matter of successful repair

{ The extensor tendons are flat and in parts very thin  This makes the
technique of suturing with accurate end-to~end apposition and without fraying,
overlap or *bunchung up ' of the tendon ends more difficult.

2. On the dorsum of the hand, and in particular on the fingers thereis a
relative lack of soft tissue cover which makes adhesion between the tendon
and the surface difficult to overcome. Extrusion of non-absorbable sutures 15
also more likely

3 Bones and joints are much closer to the dorsal surface, and concurreat
1ojury to these structures 15 more common than on the flexor surface

4 The disinction between the extensor tendon and the postentor capsule
of the finger jounts 15 lost, and a divided tendon 1n these regions means a tendon
repasr over an open joint

5 The subdivisions of the extensor tendons thetr atiachments and thelr
relation to the overnil function of finger extension are far more ntricate and
more difficult to restore accurately than n the case of fiexor tendons.

The problems histed are real ones, and their solution 15 tn some cases still
along way off  As on the flexor surface, the difficultics are greater on the finger
then they are on the hand and wnst. These difficulires are to some extent
oflset by the absence of any nigid sheath such as encloses the flexor tendons 1o
the finger, and by the fact that the degres of tendon excursion required 1o
produce full extension 15 less than that m the case of the flexor tendons

Certasn regional problems of extensor tendon repair can be set out as follows.

Distal to the Metacarpo-phalangeal Joint —Although the tendon expansion
may be divided at any pomt n this region the typical mnjuries occur over the
promeent joint regions when the fingers are in flexion  Two separate problems
arse in relation to each of the interphalangeal joints

AT THE PROIMAL INTERPHALANGEAL JOINT —Here the expansion 15 broad
and consists of a central portion which 13 passing to an attachment at the base
of the middic phalanx and two lateral elements which spread round the sides
of the joint and constst largely of the tendons of the short muscles as they take
their part in the formation of the extensor tendon complex It 18 the central
shp ’y;ng taut over the back of the flexed jomt which is so prone to njury
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

If the cut 15 & deep one and enters the jont, 1t ma;
y divide both central and
lateral elements  The resulting disability will then be immediate and apparent,
for there will be no active extension at erther of the interphalangeal joints,

Fo M

Position of knmobilation following of
extensor tesdons em the dorsere of the

carried out. ?mﬂdbﬁng:ro;lyhsbcm
A it s f d 9
and the distal cxtemion of the votar slab from
the palm abso fmmobilises the ndex, ning and
Litthe fingers with the metacarpo-interphatangea!
ts extended
B, Correct posll!::nof immobilisation following
such an injury
The bandages enclosing hand have been removed
for clarlty

Much more commonly however the
injury involves only the central portion
or perhaps the central and one lateral
sip  In this case the tendon mjury
15 by no means always apparent for
the intact lateral elements, passing
across the joint 1n a plane behind the
axis of the finger are able temporanly
to take over the function of extending
this jount,

It 15 commonplace for this injury
to be overlooked 1n casualty depart
ments, and for the patient to be sent
home after simple skin suture with
the assurance that no harm has been
done In the succeeding days and
weeks, however the ends of the central
slip become separated, and the two
lateral ships, as they arc now free to
slide around the sides of the joint
become less and less effictent as
extensors of that joint. Sooner or later
they are displaced to such degree that
they no longer pass dorsal to the axis
of the finger and from then on no
effort on their part can extend the
proximal interphalangeal joint  On
the contrary they now act as additronal
flexors By this time o flexton defor
mity of the proximal interphalangeal
Joint 1s well established

Two additional effects become
apparent at this stage, viz. a hyper

extension deformuty of the distal interphalangeal joint and a loss of independent
flexion at the distal mtecphalangeal jount in the itial stages of the co-ordinated

“wind up of finger flexton

Because of the excessive but futile action of the

short muscles 1n trying to extend the proximal joint, therr efforts produce 2

hyperextension of the end jomnt

The conditron 1s aggravated by the absence

of the normal antagonustic extensor action on the proxmmal jomnt dunng finger
flexton This action 1s diverted to the end joint and the profundus tendon cannot
produce any independent flexion here until the proximal joint 13 almost fully

The end result of all this 1s & gross flexion deformity at the proximal joint
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hyperextension of the end jomnt. While this may be passively corrected
‘::tgm ultimately joint changes prevent a full tange of passive extension of

Pa. 75

The charscterstic deformity that results from
divhion of the central of 1he extemsor
nmnsbnowrﬂnmpm:dmt. 1 Interphalangesl

the finger, and a deformity 13 now
established which 1s extremely difficult
to correct (Fig. 75)

Awareness of the frequency of this
mjury and its early recognition are
all important, for pnmary reparr of the
divided portion of the tendon offers the
only chance of preventing progressive
deformuty (Fig. 76) Such a reparr 1s
not easy for the central ship 1s divided
very close to its msertton and 1t
becornes even more difficult 1if 1t has
to be attempted at a later date when
sccondary changes are established

It 15 usually claimed that in thus and
i the similar injury occurring at the
;!:c\:l )yomnt, tendon suture 18 unnecessary

use the ends of the tendon can be A, Cean glas cut over the proximal inter
mamtained 1n apposition by splinting Eﬁ”ﬁ"m”“li.u”i"m :,‘;,'f;
,l: c‘;mzlnon for a sufficient period detrwﬁmm"mé"lf.{affﬂh to the other

csults do not appear to bear ths out,
and it 18 our opimion that the best “’C'ci,‘i‘r“.i‘.fm%&f?“"”
chance of functional recovery 1s offered
by a careful surgical reparr of the tendon followed by the necessary
immobilisation and after-care

The sccondary procedure to be adopted in cases with the established
deformity or where primary reparr has failed will be considered in
Chapter XIIL

AT THE DISTAL INTERPHALANGEAL JOINT —Similar cutting injunes at
this point which divide the extensor expansion produce the typical mallet finger
deformity with inability to strughten the end joint  If this is neglected
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

a secondary hyperextension of the proximal joint slowly develops from
concentration of the extensor pull on the joint (Fig. 77)

This type of case, where the
tendon 15 cleanly divided over the back
of the jomt, must not be confused
with the subcutaneous tearing njury
which produces the same deformity
The management and prognosis are
very different n the two cases

Here again pnmary repair of the
divided tendon offers the best chance
of restonng function (Fig. 79) Ths
can be carnied out much more casily at

Fa. 77
Typical mallet finger deformity rouowh!md a primary operation than if relegated

extensor over the distal In to the ranks of secondary procedures to

Jolnt. Nw'ﬁ,‘m{hm be adopted only if pnmary treatment
by splinting fails

In children before fusion of the terminal phalangeal eprphysis & dorsal

compound injury n the region of the terminal interphalangeal jomnt, such as

may be received from a blow with an axe or from crushing the finger in a door

DIAPHYS!S EPIPRTSEAL
FRAC
EPIPHYSIS o
Tty
Lt
Zencty
A B

Fro. 78

The refation between the flexor and extessor tewdon
Iersertlony foto the dista) phatenx

The ficror tendon inserts manly into the diaphysis and

the extersor tendon mto the eplphysis, 5o that when the
ﬂmhmrldatdmbkbﬁrmmu:pun

of the tendom on the two fragments will prodoce 8 ket

finger deformity  This reserables that resuliing from 2

severed extensor tendon, but the point of angulation
situated & Litle farther drstalty

or from other similar imjury may produce a mallet finger deformity which

resembles closely that of the severed extensor tendon but which in fact is due to

forward angulation of the duphysts on the epiphysis  This type of deformity

1s due not only to the direction from which the blow 1s received but also to the

differences in the manner of insertion of the flexor and extensor tendons into
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the distal phalanx (Fig. 78) A lateral radtograph will assist m making the
correct pre-operative diagnosis in these children 1n whom 1t may be very difficult
clinscally to distinguish between the two conditions

Over the Metacarpo-phalangeal Joint or knuckle —This 15 a common site
of injury and the metacarpo-phalangeal joint 1s usually laid open It s casily
recogmised by the posture of the hand and the mability to extend the

Fa. 79

Direct repair of extersor expansion over the
left distal interphatangea! joint.

metacarpo-phalangeal jomnt against gravity If the hand 1s rested palm down
on the table with the finger tips resting as if on the keyboard of a puno
the affected finger cannot be lifted from the surface of the table and the
cffort produces only a weak extension of the interphalangeal joints and an
increase in metacarpo-phalangeal flexion by the action of the short muscles
Primary repair of the affected tendon 1s indicated It can be simply carried
g:tm:nd will give good results provided there i3 no associated intra-articular

e,

On the Dorsum of the Hand apd Wrist -—In this region the problems of
tendon repaic are simplest and primary reparc of all the divided structures
should be carried out  Of particular importance 1s the principle of reparr in
layers It 1s a simple matter to mobilise some of the loose paratenon on the
dorsum to surround and cover the suture point in the tendon and so obviate
;I‘Juc effects of cross-tendon union and adhesion to the underlymg bone or surface

n

Where the tendons are divided within the tunnels under the extensor
retinaculum a sufficient amount of this structure should be removed to allow
frec movement of the reparred tendon A small portion 1s retained to prevent
subsequent prolapse

SOME ASPECTS OF TECHNIQUE IN NERVE AND
TENDON REPAIR
, ﬂ:\’hnlc the foregoing account of the principles and procedures to be adopted
0 the repar of nerves and tendons 1s regarded as being of the utmost
17



SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

mportance, 1ts acceptance 1s only the first step towards success. It 1s of littke
use knowing what to do 1f the technical execution 1s at fault, for in this type of
surgery probably more than most others, the results
achieved are directly dependent upon the highest
possible order of atraumatic techruque.

It is not only useless but entirely unjustifiable
to approach these operations with the standard
mstruments, suture materials and operative methods
which are employed umiversally in most general
surgical procedures  There 1s no more reason for
such an approach than there would be mn the case
of a penetrating wound of the eye an inhaled foreign
body or any other dehicate or specialised surgreal

cy

The first consideration thercfore 13 the correct
armamentarium for the job and a high order of skill
and experzence 1n its use.

Next n importance is the surgery of access to
the damaged structure, and the following principles
cannot be disregarded —

1 As 1 all surgery proper access is essential
This usually means enlarging the existing wound.
Much care and thought are needed in enlarging
wounds or planmng new masions (Fig. 80)

2. No longitudinal ncision on the finger should
ever be placed farther forward than the lateral mits of the flexion creases
(Fig. 81) The effect of scar contracture following a longitudinal inciston
farther forward than this 13 seen
in Fig. 123

3 No wcision should be con
tinuous from palm mto fingers or
thumb However lateral incisions
along the ndex finger and thumb
or medial ncisions along the little
finger may be lestimately extended
along the lateral or medial border
of the hand.

4 Incisions or extensions of
existing wounds 1n the palm should

be transverse or oblique and not . 81
longtudinal . e e of the
S Tendons and nerves should  fclon eses "whem the floper & fieved. Tt B

be approached indirectly by raising often made oo far antenotly
shin flaps rather than by making
direct naisions over them and along therr length.  The “Z7™ pnnaple can be
applied 1f the exssung wound 13 tongitudinal
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The use of the tournsquet to ensure a bloodless ficld for working 18
obligatory m any operations on the tendons and nerves of the hand at least
durmng the pertod of dissection

The nesdles, suture materials and method of insertion to ensure firm
end to-end apposition are largely 2 matter of persons! preference

For the masn tendon suture we use a medium waxed sikk or brawded nylon
{No 4/0) threaded at each end on No 3 atraumatic 3/B curved cutting-edge
needles  They are threaded by our own
stafll using the special clamp provided
Auxilary apposition stitches are some
times required so s not to leave any open
tendon end exposed  For these weuse g |/ -
finer stitch (No 5/0) threaded on a No 6
atraumatic curved cutting-edge needle
The method of using the double threaded
stitchisthat described by Bunnell! (Fig. 82)

The size and nature of these suture A
mstenals are directly related to the
principles of post-operative care which _\“_'
we use and advocate, It is pomted
out here that there 15 no tension or W}
strain on suture powts and therefore o B -
necessity for the use of stronger and less
workable matenals such as wire. The Fro 82
theoretical and expenimental evidence  Theg el g""d%',ﬂ;m’
that silk causes more local reaction than A, The stitch 3
wire 13 often quoted We have seen no B The stitch drawn tight and ted
evidence of this m practice. There are
more important factors in techruque, such as the amount of matenaj used and the
method of its use, which far outweigh any slight vanation in local tissue reaction

For nerve suture we use finest waxed milk threaded on No 6 or even smaller
atrnumauc needles  Only the penneurium 18 sutured  The spacing of sutures 1s
important. Posterior sutures are mserted first and it helps f most of the sutures
are snserted before any are tied  The perve ends are not trimmed 1 sharp cut
wounds but all adherent hematoma must be removed  The importance of correct
onentation i again emphasised and separate funicular suture 15 of advantage
where pracucable.  This can often be done with the ulnar nerve at the wrst

AFTER TREATMENT OF REPAIRED TENDONS AND NERVES

The completion of an operntion for tendon or nerve reparr marks the
beginming of u lengthy penod of meticulous post-operattve care subdivided
Into two stages —

! The stage of complete smmobilisation to promote early healing and

consohidation of the divided structures.

2 The stage of graduated restoration of function under supsrvision

‘Bunncll S. (1956) Swrper) of the Hamd, 3rd od  Phiidelphia § B Lipgncont,
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It must be remembered that healing time vanies from one tissue to another
and indeed from one part of the body to another depending upon such factors
as blood supply the degrec of differentmtion of the tissue concerned and the
stresses to which 1t 18 normally subjected

Following on repair of major nerves it 1s our practice to maintan
tmmobilisation for about two weeks and then to commence a gradual supervised
return to active use within the hmitations imposed by the nerve kesion

In the case of tendons 1t has been shown (Mason and Allen)! that
substdence of the carly reaction after operation and the commencement of
consolidation 1n tendon union are slow processes and 1t 1s not untd the third
week after operation that the point of union will take any strain without the
nish of rupture, If this be so then 1t 1$ apparent that any attempt at active
movement before this time relies almost entirely on the suture material and tts
hold upon the tendon ends

It has therefore always been our practice to mamtain  absolute
mmobilisatron until the third week and then to commence supervised active
movements within the nner range fe fleon from the position of
wmmobilisatton, once or twice a day still maintaining the fixation sphnt between
these sessions until the fifth week At this stage consolldation s sufficiently
established to withstand normal stress, 2nd restraint can safely be discarded

This practice conforms with one of the main general pnnciples we have
tried to make throughout this book—that early pnmary healing and early
return to function of the damaged hand are mutually incompatible, for healing
mmplies rest and function implies the opposite Healing muost alnays precede
function if both are to be achleved In the shortest possible time  Any attempt
to reverse this order or to encourage both simultancously usually resuits in
delayed healing and incomplete or meflective function

Thus, during this early post-operative period rmmobilisation must be
absolute, and the splints and bandages must be repentedly checked to ensure
this One of the commonest causes of failure 15 inadequate splinung.
Bandages must never be allowed to come loose nor plaster slabs to bend and
break
At the end of the period of absolute immaobilisation the sphnt ts taken off
the skin sutures are removed and active movements within a limited nner
range begin under a tramned physiotherapist.  She must have a clear idea of
her objective and know how much strain ean be placed on the tendon at thus
and subsequent stages. Such knowledge only comes with expenence, and o
physiotherapist who 1s really good at her work 1s mnvaluable.

In the case of nerve injunies the further management includes detailed
recording of sensory and motor loss splinting to relax affected muscles and
Pprevent contraction 1 therr antagomsts

The later management of tendon injunes may also be profonged but once
on the nght road to functional recovery the patient can usually be lefl to
complete the process by hus own efforts The end result 18 rarely achueved
quickly but usually by slow steady improvement for at least six months and

¢ Mason, M L & Alen, H (1941). Axx Swp 113 474
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often longer  Occasionally 1n flexor tendon repairs restoration of full extension
18 slow m spite of progress n flexion  In these cases an elastic traction
extension splint as discussed below, can be used cautiously after about six
weeks for a few hours a day

In cxtensor injuries the chief problem, after the mmitial immobilisation
13 not the recovery of active finger extension but the restoration of a full
fleion range This should be the aim npht from the start of active
movements and it 18 here that a knowledge of just how much strain can
be put on & repaired tendon at any given time 15 of the greatest importance
Too often 1t 1s forgotten that full flexion is more important than full extenslon,
and 1t 15 not until too late that the surgeon who has been directing all Tus
efforts to restoring extensor function
suddenly realises that the hand can
never again be cloted m full finger
flexion

When tendons and major nerves
are divaded simultancously at the
wnist the after-carc problem 1s par
ticulacly difficult.: The chief dafficulty
18 the absence of effective antagonists
to the repaired long flexor tendons
because of small muscle paralysis
Thus, 1f uncontrolled mvanably leads Fa. 83
to gross flexion contracture of the Finger traction to restore full finger extemion
affected fingers whichwill be fixed and ~ &fter combined tenden and nerve In on the

front of the wrist. The splint sul for the
wntractable by the time nerve recovery  small mmcies in opposing the action of the long
eventually restores the antagonists flexor tendons. Without such splints an intractabie

flexkon the
Such a state of affaus must be wﬂmmﬂﬁe m&m f the e In

antlcipated and a traction extension

splint provided after about five or s1x weeks to subststute for the finger extensor
mechanism  Active flexion can then be continued against the elastic pull of
these splints and tendon contracture overcome (Fig 83)

Other postural changes associated with the many vanations 1n combined
nerve and tendon 1njuries can sumularly be corrected by splints of non ngid
elastic nature which permit of controlled function during the period required
for nerve regeneration

The emphasis 1n this chapter on tendon injuries and the relatively scant
reference to nerve repair and regeneration mught be questioned

Unlike tendon mjunes 1solated nerve injuries in the hand present no
particular regional problems and have been exhaustively covered in other
:mrks. Our main object has been rather to discuss their assoctation with tendon
gjuncs, which 15 how they generally occur  We feel that 1t bas been their

istociated consideration which has led to some divergence of opinion and

teaching and perbaps some equivocal results. Hand surgery must not be
fragmented 1nto separate systems
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CHAPTER VIII

UNTIDY WOUNDS AND THEIR COMMON SUB-TYPES

ERE, agamin the main technical problems of primary surgical treatment

can be conveniently discussed m relation to certamn common type

injurles. Agan we recognise the frequency of common ground between
one type of mmjury and another and that varjous problems may present m any
one injury

THE CRUSHED OR PULPED FINGER TIP

We are not concerned here with the simple compression mury of
“jammed finger ™ but rather with those more severe mangling or crushing
mjuries to a finger tip as caused by machinery  Of all the localised hand myuries
there ate none more didficult to treat with complete satisfaction to both
patient and surgeon  They are extremely
panful injunes and detailed decisions are
often not casy

They usually involve soft tissue laceration
or loss, compound fracture, open joint and
gross damage to nail bed (Fig. 84) When
bone exposure and soft tissue loss are both
present 1t 1s usually best to resect sufficient
bone to facilitate end closure by viable soft
tissue  Thus is not always necessary how
ever and in some cases it may be possible,
by rearrangement of the remaiung wviable
skin to cover the bone end without further resection  Sometimes it will
be dectded to repulp a finger tip by one of the procedures already descnibed
1n order to preserve length tn the more unportant fingers or the thumb  This
applies particularly to patients wn certain specialised occupattons  The seventy
of the injury must be the chief deciding factor between these alternatives.  There
can be no justfication for haphazard suturing of crushed flaps and shin lags
of dubious viabihty nor has tension suturing any place In some finger tp
injunies, such as those due to fine cogs there 15 no end to the complex ramifica
tions of cuts or sphits—indeed the wounds can often only be described as
“chewed up  Any attempt to suture these wounds may precipitate necross
in otherwise viable arcas. A few carefully placed fine sutures which do not
nelude much more than the epidermis can be effective 1n some of these cases.
In others a carefully applied firm dressing can hold the multiple small flaps
together sausfactonly  There ts some place, therefore for conservation after
cleansing, and then awaiting the dectaration of ime provided always that there

is no bone exposed

Fia. 84
Crushed finger Upy,
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A power-mw Infory
The oblique linc of damage and partial amputation are typécal.

A B, Se ool
plk mmlnhnyorlh:hmdfoﬂmlngmddentﬂthndoudpmhhuunchhc.
Three yeans repair in one stage invotving two weeks n hosp! scemed
rrﬁmclkm lheh:ndmbn:t\cm‘ lh?n“'tl:lybn b "lbeﬂlh

obriouy |.h:n e ¢ cnh;‘rotmm
finger 30 middle metacarmals were whdely reduced, the sturnps closed local
162 the achanta ofdwrrddmlnvumw\acdwlhlhjcklpbtm it fap,
Ime n:c proceeding directly to the end resuft. ould otherwise
implled a P, AN CYEnRNE aTca orddccthucrmlbon,mdfumjon vrutub}ynotugood.
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

MANGLED FINGERS

These mjuries are typreally caused by power-dnven sawy (Fig. 85} They
contrast with guillotine type amputations already discussed,

Viabllity and Extent of Damsge ~—The deciston is casy where fingers are
teft m continuity only by skin tags or tendons. If both neurovascular bundies
are severed near the base of a finger 1t 1 unlikely that the distnl segment 13
viable In any case bleeding should be demonsteated 1 any dustal segment or
skin-flap area 1f its retention 15 contemplated  The extent of oo} damage
must be carefully noted in relation to soft tissue loss tendon and nene
continuity and bone or jornt mjury

Conservation or Amputation.—Conservation can be considered only if the
distal segment of finger 15 viable and only if there 15 hkely prospect of a useful

Fro. 87

fadication fec prinery amputation
the kft band in an elderly subect. Ope
johtA xv:remc?nwumucl o, o{mnmmf‘aw d:kh\ and perwe fotx all comtituto posite
1L 1 for !

paratne wurgery b
without reasonsble prospect of & worth-whike result

1 extent of damage (o

| This 1 turn must be related to the tota

g':snhar?; !::l%;ch flager 1s under connderation and which ;;nn orr ;th cctii?:l;
f 2 thumb there 15 every argument for consenvation p

:ll:a’thlct c:’:l:blz x‘and the wound can be closed  In other fingers ur%!umc-m‘:hiz

conservation become successively weaker toward the fitdle finger Vhere i

1s damage to flexor tendons as welt a‘s nen/cs.:nd ﬁ:lyzmj:ﬁ{zjryunu e

psefv) finger resuling  and 10

o pmipe;t :I‘nao vahd nrguc:ncnl for conservation 1f the rcmamd;; ::.f: ;:;

](]hx:dsort noct grossly damaged Primaty amputation for 2 badly
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single finger (Fig. 87) 15 often good treatment but the argument 1n favour of
s retention becomes progressively stronger the more severe the damage to
other fingers. Even a stff finger 1f shightly flexed and short, may be a useful
and essential component of 8 mutilated hand remnant. With multiple finger
injunes, arguments concerning the optimum length of finger stump for useful
function have little place at this stage of treatment. It 18 nght to conserve all
finger length which can be safely closed with viable tissues, no matter what the
ultimate fate of any such stump mught be at a secondary and more elective
review

Control of Open Fractures —When the deciston 1s against finger amputation
open fractures of phalanges or metacarpals can be easily reduced but their
retention 1 the reduced position 15 a difficult matter, especially when there 15
local comminution In the presence of extensive soft tissue injury reliance on
plaster fixation for fractured hand bones has in the past necessitated much
compromise 1n reduction and fixatton This 1n 1tself has made stronger the
Indication for amputation 1n border line decisions. To-day plaster as the sole
means of fixation should be used only 1n cases of undisplaced fractures or those
easly maintained 1n correct alignment 1n the position of rest  Furthermore a
plaster must not hude or prejudice the possible complications of soft tissue
damage or its repair  In the absence of these conditions as 15 common m this
class of injury the mechamcal fixation of bone fragments offers special
advantages and contributes to a better result. Moreover the possibilities of
pnmary soft tissue repair, both superficial and decp are thereby extended
The exact method of fixation must depend on the site of fracture and the precise
armangement of fracture lines Small metal plates with screws (Fig. 88)
arcumferential winng (Fig. 89) and longitudinal intramedullary wares (Fig. 90)
cach have thelr advantages

Intra articular fractures raise particular problems. Even here we consider
that plate or wire fixation 1n selected cases especially about the carpo-metacarpal
and metacarpo-phalangeal joints of the thumb gives better results than accrue
from imperfect reduction hopeful acceptance of arthntic sequele and
thankfulness for any useful range of movement (Fig. 91)

Repalr and Closure —Opportunism 13 the password n closing all residual
Open areas for which direct suturing 18 not applicable. It 1s for this reason that
it 13 30 1mportant not to discard any soft tissue flap or finger remnant which 1s
vuble in the early stages of operation  Filleted soft tissuc flaps from amputated
fingers or stumps are of inestimable value 1n many of these cases  The soft
tissue remnant of one finger often makes practicable the conservation of length
1n a neighbouning finger

Even of there teems no immediate use for an apparently functionless stump
ora soft tissue remnant, it 15 often wise to conserve this for fut in relati
10 seconda or future use in relation
s “ary repur work  For more extensive areas of skin deficiency where
fiaps fromps from amputated and damaged fingers are not available, direct
in o remote areas are required  These are usually needed where several
e gers have been amputated through the metacarpal head regions, leaving a

Te¢ open wound with bony exposure. Free grafls are sometimes directly
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Fro &8

Ammdyknkdmpamdh«mdhﬁmbmlm‘dhnne
ound  Ouly the shin kad been

A, There was gross duplacement of the fracture with a proumal fragment
p-ucm.ln;hwdrmmb"b,-nd mcmmorlmdauo{ﬂwlhumb-m

B Open reduction was carmed out (w0 and & half weeks afier the Injury when
the frapments were held by a metacarpal plate and both eutensor tendons were
repasred with sk corening the plate with a soft teave plane

CcCD s:wutnnt:ufrmrumd(monﬂu-!mmm
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Fo. 89
Prlnryfrutnﬂntlmby-h’huh-mmpomdpolu

Shows comminuted frncmreo{lhelndumnnrpal There was an
Mﬁnlskln and soft thsuc Joss and both extensor tendons were
scvered.

B C.D Show the result two years after the promary and repair
operation when the fracture was n:duu.-d and ﬂxcd erential
wirng. extensor tendons were area covercd by a local

were repaired and the
flap with spilt-skin grafting of the rcsidull defects.
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Fro. 90

Primary fractwre fixatios by Entramedaflary wire
A, A compound injury with extemhe soft thsue damage and umtable fractures of the metacarpal,

B Pre-operathc radiograph.
Radiograph with the hand In pl;ul.cr following soft irsvue repar and fracture mmotxlraton
“(h intramedullary wires fserted U:mh‘?d‘ the metacarpaht with the fingers in the
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applicable to residual defects, and agamn on secondary defects 1if local flaps
can be transposed over areas of exposed bone.

i

Fic 91
The lotrs articolar fractare peoblem
A, A compound Injury tn the thumb reglon including an intre
articalar fracture of the metacarpo-phatanges! joint.
B G, D, Show the ultimate result.  This wonkd

be
s good for such a frecture, The degree of thumb
mobllity in spite of impured movement in the metacarpo-
1 joint b scen. Amoremn:mndlﬁionmb:

b such fi d

of
postible, with kems joint Ln':?x[nrlry Jess arthritic change, and a
better function range.

In designing flaps for surface reparr 1n this type of iury great care
should always

be taken to make the best 1ble use of skin that retans
formal sensation poss

Every cffort should be made to cover those areas which
9
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normally come mto contact n the actions of prch and oppostion with
normally innervated skin as far as possible placing any free grafts or flaps
from a distance 1n situations of lesser mportance

DEEP WOUNDS OF THE PALMAR REGION

These, too often result from power-saw Injurtes at a more proximal level
than the fingers (Fig. 92) They
are often combined with finger
or thumb amputation as part of
an oblique line of section.

Skin closure without repar
of damaged deeper structures
13 the wisest pnmary treatment.
Tissue loss 13 not generally
confined to shin  There n
frequently loss of substance
nerves and tendons even before
they are tnmmed If the skin
loss 13 beyond the imitations of

MF'U 92 wod closure without tension by direct
A deep palpeer w suturing, a skin and fat flap s
T e e wesy generally required m preparation

neTVeY. tendony.  The
natare of the soft thswe wound would contnindiake  for secondary operations to make
Ty Fe o o ety " *™™ ™ p00d the defects 1n tendons or
nerves  The filleted flap of an
amputated finger should be used if available, otherwise a direct flap from

elsewhere 13 required

FLAP AVULSIONS AND DEGLOVING INJURIES

These are characteristic injunies where skin flaps, which nclude the
subcutancous tissue are torn off the deeper fascial planes  This type of lesion
1s usually seen on areas where the skin has only a Joose arcolar connection
with the deep fascia such as the back of the hand and fingers /\vulsmnsolf
palmar skin are seen less frequently  These injunies most commonly result
fram accidents with roller type or other mobile machmery (Fig 93)

Primary surgical management is based on the following considerations.

The Viability of the Avulsed Flaps —This must be decrded on the prnaiples
set out in Chapter V remembeniag that where shin has been subjected :
compression myury as by roller or pressing type machinery 1t rarely prov
viable whatever clinical tmpression st may give ot the tume of operation "

At the powt of wmpact of the foree, where the surface rent 13 first ma e
avulsed flaps are usually mangled beyond salvation  More remote ponmnsml
the flap are often stripped deanly from the base tissues, and «f they have
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been durectly subjected to compression may well be viable. The precise area
of flap which survives depends on 1ts shape and residual attachments Edges
should be cut back until bleeding 18 noted. 1t 15 better to trim back too much
than not enough before replacing any such flap It 1s unfortunate that most
avulsed hand flaps are on a distal base and their circulation 15 not as good as
those on a proximal attachment. If the circulation in the flap 15 nadequate to
support 1t survival in fofo the posmbility of using 1its skin alone as a free graft
has been advocated 1n the hiterature  Uts successful achievement 1n the type of
case under discussion 1s rare,
however because of the amount
of direct damage to the skin, It
1 safer to remove the dubtous flap
and replace the skan loss with free
graft or flap according to the
indications
The Question of Ampata
thon —Where there 18 crcum-
ferential degloving of skin flaps, as
1 the case of fingers, the question
of pnmary amputatton arses.
The area denuded the number of
fingers mvolved which fingers,
the extent of other injuries and
the practicability of effecting
prmary cover all affect the 1ssue.
If a single finger of an other

wise normal hand 1s degloved,
amputation 15 generally the best
treatment—such are the defects

of sensation bulk and appearance Fa 93

after grafting, and such are the A deghoving nfry

technical difficulties and the time  All akin from the dorsal and aspects of hand
consumed 1  designing and ﬂbﬁﬁﬁﬁﬂy% epeon oot
applying flaps even under favour  misled Into hopeful but fustlie retention and suturtng
able arcumstances It would be of severcly traumatised skin flaps.

quite wrong, however to take this view in the case of a degloved thumb
n essential member for opposition whether or not 1t can be flexed  There
<an be no indication for amputation of a thumb or thumb remnant when
plastic surgeons £0 to great trouble to restore or reconstruct some semblance
of a thumb—even to the imit of transferring a toe  In practice, most of the
difficult degloving wnjunes are met when a large area of the hand and perhaps
scveral fingers are deouded  mass amputation cannot be suggested for such
injuries. It 1s certanly possible and worth while to cover denuded porttons of

NE<Ts or even whole fingers under these ciccumstances 1t s impracticable to
?z“:‘n:ci:n all 30 that techmcal considerations and values must be weighed
Y
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Absolute indicatton for amputation 1s stronger wh
injuries to deep structures but 1n the case of muf’:;]c d::u:!m:m e
indication must only be accepted with reasoned reservation e even ths
Methods of Skin Replacement in Degloving Injuries —Methods used t
this purpose depend on the regon which 1s bared  the tissue exposed and whcthor
or not repair of deep structures 1s indicated either primanly or subsequent i
Free grafts are quite suitable for all raw areas if there are no bare lcnd{m:,

Fo, %4
Direct abdomiml flap for avulsion mpory

bones or joints It 15 usual practice to use thick split shin but for small arcas
especially on the palmar aspect, we have used prnimary whole skin grafts for
this purpose  Even if other forms of skin and fat replacement are subsequently
necessary free grafts are usually the best and most practicable method of
pnmary closure This apphes especially for large or circumferential areas
when the design of adequate pnmary flaps s out of the question

Flaps are mdicated 1n cases unsuited for the use of free grafts  In most
cases a direct flap from a remote region 1s required [t must be carefully designed
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to ensure 1ts safe use with reasonable comfort to the patient and to ensure
that 1ts bulk 1s a reasonable replica of that which has been lost. Hand flaps
should not be thick, redundant masses. The best direct flaps for hand defects
are those raised on a single linear attachment The common practice of
“ burying hands  or using bridge flaps has no long term advantage. Though
they might be casier to design and have a lively circulation when first raised
they create drfficulties at the detachment stage because they have not gained
much blood supply from the recipient area  Moreover their open under areas
are difficult to keep clean and harbour infection. Many hands are buried under
abdomunal skin with hittle forethought relative to the end result The area
of the traumatic defect covered by the flap 1s often but lttle of the total
Wounds can be “buned but not covered ™ so that the essential problem
13 only postponed until the detachment phase when the defect still presents,
but now as an infected granuloma These raw arcas cannot be covered easily
at subsequent procedures Multiple delaying operations are necessary during
which time fingers become stiffer and metacarpo-phalangeal joints often fix 1o
hyperextension because they have been lying across the abdomen 1n this position
for weeks. To ths are often added prolonged effects of inflammation and cedema

A well-designed, simple, direct flap (Fig. 94) which covers all the area of
ussue loss at the primary attachment which permuts of casy cleansing and
dressing and which, at least after early stages permiuts of some movement in
n;wﬂgl Joints overcomes the gross disadvantages of the * hand in pocket type
ot fap

There 1s o wide scope 1n the sclection of donor site for these flaps  The
abdomen, the chest the opposte forearm and the thigh each have therr
advantages for particular cases. Where single fingers are concerned, the opposite
forearm as a donor site offers easy posture for the patient and gives flaps of
umple design and desirable thickness

COMPRESSION INJURIES OF THE HAND

With increased mechanisation compresston types of hand injury are seen
more frequently  Of the machinery responsible, power presses head the list
We have been impressed by the high incidence of these injunies 1 a country
where secondary industry 1s undergoing rapid development and expansion
They have occurred notably among people not used to machinery such as new
migrant folk and people who have recently forsaken their erstwhile job for the
caster and hugher wages to be obtmned from industnal work  The steam laundry
Press 18 a common source of njury in this group with machines frequently
controlled by teen age girls of no expenence and little sense of responsibility

The seventy of compresston damage depends on two obvious factors
romﬁ'i first of these 15 the area of the hand which 1s caught by the compression
e t may only be the up of the finger jammed 1 a car door or a small
be m:,:\n‘td by a falling weight, while at the other extreme the whole hand may
att tievably pulped into a two-plane mass by a hot moulding press The

€T constitute some of the worst hand injuries we sec to-day (Fig. 96)
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Secondly the order of force and the duration of 1ts application influence
the nature and seventy of the mnjury received.  We meet closed injunes dus (o

Fia. 96
Hot pres iajery
Hand reduced 10 tno planes by compression and heat,

t may be compressed
n where the skin remains intact even though 1
gn:)r:lr;s:;:blhty (Fig. 97} Bursting of the integument may oc(c(ur arcndotri(ac:ug
fi ‘y tissue may protrude through sphits i the skin - These aphs s;_ e bt
l::t‘v:r'ccn the webs of the fingers  Another common ramification of ¢
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effect 15 along the flexor skin of a finger which 15 split Jongitudinally, exposing
and often laying open the tendon sheath  These wounds are difficult to
close because of swelling and cedema, and are notortous for the degree of
scar contrmcture and tendon fixation which follows We have rarely seen a
mobike finger after such an mjury

Furthermore, compression 1njuries are often complicated by the lacerating
effects of surface irregulanties at the pomnt of impact

Fra. 97

Progrews of a gevers comprenion hjery
This Infury was camed by a plsstic moulding press.
Shows the recent injury when viabllity was In doutx.

C, Show succeive Intl f Is decla
The . changes [n the subsequent two weeks when the extent of damage red.

remnant after tion of gar regrons and
wplit-siin grafts, Thc“two—pmn;td'[!nndﬂnc;:nmu{gmullhunei:dm 7

The main decision underlying the difficult management of these myurtes 1s
that of tissue viabihty

In the grosser cases decision must be made between two extremes—either
Toca amputation on the radical side or masterly mactivity on the conservative
e, There 15 rarely any half way measure ~ With severe injuries hopeful
conservauon 15 preferred for fear of adding any further damage by radical

m;:'s The ultimate viability of any given region 18 generally less than

>
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If the conservative hine 13 to be followed primary treatment after cleansmg
should include the simple suture of shin sphits and the tnmmuing away of loose,
soft tissue tags  We do not advocate any purposeful excistion of dubious areas
or any primary grafting i this type of imjury Such are the difficultres of
assesung damage and so unpredictable 13 the fate of the msulted tissuc that 1t
18 better to seeh the ard of tme tn declaning these 1ssues It 1s our experience
that radical pnmary treatment proves either inadequate or over zealous for a
reglon where structural conservation 1s so important

The hand should be immobilised 1 the optrmum posion of function
realisimg that recovery may be slow and the effects of extensive deep scar
formation very lmiting to that recovery No matter what the surface
appearance the proghosis must always be very guarded

Pain 1s 2 prominent feature of these injunies during the stages of demarcation
and may persist for several weehs It 1s often very severe and requires
understanding nursing and anaigesta.

The Janmed Finger —This form of compressing injury ts well known—
the finger jammed 1n a door or the finger tip which 15 hit with a hammer 1t
does not call for any claborate treatment. Blood bhister pulp hrmatoma,
subungual hzmatoma, nail damage and turface splits call only for surface
cleansing and a stmple dressing, topether with measures for relief of pain—the
latter may wvolve decompression of a subungual hamatoma by trephining.
It ts generalfy better (o leave a damaged nail /n sftie as protection until the more
panful stages have passed

Tn children before the age of fuston of the terminal phalangeal epiphysis
jamming of the finger tp often results 1 an epiphyseal fracture which produces
a deformuty closely resembling the mallet finger of extensor tendon wjury
The explanation of this typical deformity 1s to be found tn the fact that the
flexor digitorum profundus mnsertion extends well distally on to the daphysis
whilst the extensor tendon tnsertion 1s confined to the epiphysis (Fig. 76)

HIGH EXPLOSIVE INJURIES

These injuries are well known w war tme  Unthrown hand grenades
and the untumely explosions of land munes and booby traps were responsible
for many mutilations mn the last war  Stmular injuries, however are somemes
seen 1 civl Iife among munttions and chemical workers or from miming and
blasting acaidents (Fig. 98)  As most of these injunes occur unexpectedly dunncé:
the handling of explosive agents they are frequently bilatern) and comphicat
by injuries to other regions often the eyes Bhindness together with mcrf
hand mutilation 1s the most pathetic combinatron of njunes we haie ta trea

Recent high-explosive wounds of the hand present a grucsoime prcl:cr':
The shattered hand remnants usually mclude uncompleted amputanons \; e
the fingers reman hanging only by tendons Bane sphintenng undtdc;‘l:;
sphitting clefts up the mierosscous spaces u;e typical  Chammng ingrain

dd ta the traumatic melee
and “;?llr:‘z‘\:r:dtli?g:cc of the damage, the dubtous vability of hangung remnpants
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UNTIDY WOUNDS AND THEIR COMMON SUB-TYPES

and the impossibility of rendering such wounds clean and fit for closure—all
make for difficult primary treatment

Antt shock treatment 1s required to a degree rarcly necessary with most
other hand injunes

After cleaning the wounds so far as practicable, obviously non-viable tissue
1s removed It 1s permussible to leave all essential tissue of dubious nature
Pnmary closure 1s contraindicated though 1t 1s 1mportant wherever possible
to cover all exposed bone especially that of amputation stumps Primary
amputation of part or whole digits and occastonally the whole hand 1s often
the only practicable means of satisfying these considerations. Beyond this

A typleal high-cxploshe Injury
B“'hhnd’:ﬁwdm-ﬁerhhrybyu: ! k :

of d Deep
impregnation and irregular untidy amprutations arc typical.

plaster immobilisation 1n the posttion of function and antibiotic therapy fulfil
ndications at this stage The importance of the optimum position for
immobilisation of fingers 1s obvious  Full function will never return to such a
hand  We rerterate the dangers of pnimary closure over any structure whose
vability 18 1n doubt  These are the very cases where tension and sepsis including
anaerobic mfection are likely to anse.
A secondary débridement 1s called for when viable and non viable areas
:kft declared Then after a short period of dressing preparation a pallmtive
"h“ graft will hasten healing and minimise scar formation. If early healing 1s
achicved bone sepsts precluded, scar formation minimised and a farr degree of
:ﬂ;ibﬂny soon regained, then the optimum result has been achieved from the
¥ management of such an injury
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

This leaves much opportunit
y for secondary repatat
of scar and in the possibihties of reconstruction for los;‘:l:ln:;;n .;‘ndmmn
as considered sn Part IV °f functen,

GUNSHOT WOUNDS OF THE HAND

A gunshot injury may produce any of the wounds

A I already d
the *through and through ™ gunshot wound of the handy\»«-:‘n,'i;:?_sCCL o
description as a special type 1t is caused by accidents such as o‘;mmc-

Fo 9
A recent ganshot wownd of the hand withowt bowy damspe
A “through and through ™ wound without bony
surprisingly littke damage olumate deformity dmﬁn’yuw

when cleaning nfles or getung through fences while carrying arms or by
self inflicted myunies.

The appearance of a  through and through ™ wound of the hand depends
on whether or not there has been bony impact (Figs 99 and 100) A bullet passing
through the soft tissues alone leaves but a small entrance and exit wound and
often remarkably hitle damage through its track  More commonly howeser
there 1s & smail entrance wound tn the palm but a large destructive et wound
caused by impact explosion and shattering communution of metacarpal bones
(Fig. 101) There 1s some degree of uissue necrosis along the wound track
Sepsis which develops 1s related to the amount of decp tissue d2mage and whether
or not some foreign body 13 retamed

Again we have a contraindication to primary closure because these wounds
cannot be made surgcally clean and fit to close without a degree of excision
which would add insult to ijury  We have had httle experience of this type of
wound 1n civihan hife, but do not consider that the pnmary treatment would
differ from that under service condittons
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Fa. 100
A bealed ganshot wosnd of the kand withk bony dansage
In contrast to the case In Fig. 99 a “ through and through ™ gumshot
wound with bomy and comminutl extemive local

Fia 101
Rndhw-phd-mmunmﬂdmm

Ind, d;rm jon of the mussile and
the extent of the bony comminution that can occur
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

Immobihsation of the hand 15 carried out after tnmmun
g of the skin w
laying the track open removing any loose and separated bone fmpnen(:rr;drs
obviously non viable tissue  Petroleum Jelly gauze well placed along the
wound track to keep 1t open and prevent pocketing, has its place.

Fa 102
Primary amputation for pamihot woand of finger
There s no future [n any comervathe treatment of such an infury as this affecting a singk: finper

The place of pnmary finger amputation 1s a real one for this type of injury
and may provide filleted skin flaps which are useful for replacing skin loss
farther proximally If a through gunshot wound involves both flexor and
extensor tendons as well as the bone of a single finger then that finger is best
removed at the earliest favourable opportumty (Fig 102)

SOME LESS COMMON INJURIES

Electric Wringer Injurfes —One of the recent by products of household
mechanisation 1s the hand 1njury caused among housewives whose attention s

Fro 103

A hoosehold electric wringer lnjony

A patch of gangrene develops at the posnt of
MAYCTHAT COMPTEs on

distracted when feeding the wninger from a washing machine  The playful
hands of children too are frequently drawn between its rollers These [esions
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UNTIDY WOUNDS AND THEIR COMMON SUB TYPES

are sufficiently typical to warrant separate mentton  According to the set of
the rollers and the relative diameter of hand or forearm so the brunt of 2
foction and compression 1njury 18 taken by different regions  In adults 1t 1s
generally the back of the hand while 1n children 1t 1s the forearm or arm
which suffers.

Whether or not the skin 1s torn a patch of gangrene develops at the
site of arrest, as shown 1n Fig 103 The principles of treatment follow those
already discussed for compresston wounds—conservation and rest evacuation
of ftuid under tension and secondary removal of stabilised areas of gangrene

of the index finger s exposute
g?theﬂcmnmdoniurrﬁonlndpﬂlnful
swellmg of the whole finger

followed by preparation of the granuloma for skin grafting The mjury 1s
graenally confined to superficial tissues
Roller Press Injuries —Mechanical rollers industry cause injuries simtlar
;“ type to the above, but generally of much greater sevenity and not confined
h:wmﬁml parts  Imjuries 1n hot roller presses, which often involve both
tnhfh‘ are perhaps the most mutilating of all hand injuries.  An early decision
*id total amputation 13 often required when there is no chance of salvage
Gresse-gun Injuries —These injunes, @ product of modem industrial
wih th are peculiar in ther ongin  behaviour and the difficulties assoctated
&0 lbm management  The finger 15 tjected with grease, at pressure about
dunng actidents with a pneumatic grease gun (Fig. 104) These
smmﬂy Involve misuse of the safety pin catch Through a small puncture
th‘:“::\.dg\'tasc Is suffused through the soft tissues of the finger and often into
e l!on sheath  The distension, blanching and severe pam precede deep
oughing and infection associated with the foreign body and the tssue

The early indication is to lay the finger open to decompress and remove as
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

much of the foreign substance as possible. This 1s an 1deal, fi
sepsis, deep scarring and loss of tendon function are common scqus; fg;o?gﬁ

Fia. 108

Late result of grease Inpection lajary
A, The late effect of such injury with thsuc boss, tender scarnng,
and imperred function.

B, A cross-arm flap was used in this case with the result shown.
It 1s sometimes ultimately necessary to replace scarred painful soft tissue by a

flap at elective secondary operation when sepsts e quiescent  Finger amputation
1s the alternative which exists, and each P be judged on its mernits

1



PART THREE—CHAPTERS IX AND X

INTERMEDIATE TREATMENT

TX. UNHEALED WOUNDS OF THE HAND
X. RE-ESTABLISHMENT OF JOINT MOBILITY



INTRODUCTION TO PART THREE

IN general the recovery of function after any wound 1s i relation to its
time of healing. The best results after open Injury occur when repair 1s
achieved with finality at a pnmary operation  The economy of this 10 all
concerned 1s obvious especially when compared with that of remote secondary
operations i the wake of secondary intention healing.

Nevertheless secondary treatment 1s often indicated whether or not pomary
closure has been achieved It 1s our purpose to consider these delayed mdicatrons
of management for hand injurses in chronological sequence. In so doing,
certain intermediate or early phases of secondary treatment are convemently
separated from those more elective phases which concem repair or
reconstruction  Indeed before any secondary work can be camed out two
essential conditions must generally be satisfied by intermeduate phases of
treatment if they do not already extst.  All wounds most be soundly healed
and all folnts must be mobile In so far as structoral continoity will permit

The arbitrary separation of these mtermediate ™ facets of management
not only maintamns a practical chronological sequenc. of events but it also
serves to emphasise that we are concerned here with cltnical states or dusorders
of the hand where tumely correction 1s all timportant  Intermediate treatment
concerns the secondary procedures of necessity rather than those of election
which are considered in Part Four

The longer a wound remains unhealed or the longer a joint remams suff
or deformed the more remote the possibilities of restoration to normahty
This 1s 1 marked contrast to conditions following hand injury where the
stigmata of unhealed wounds and jont disabihities do not exist or have already
been corrected  Here time lapse 1s not only kindly but frequently desirable
before instituting elective reparr of a non urgent nalure

There are conditions other than those of unhealed wounds or suff jomts
which might indicate intermeduate or early secondary treatment Many scar
disabiliies 1n themsehes are the basis of joint embarrassment and stffness
if not alleviated cafly The time for secondary correction of & scar dnabilty
n thus case 1s quite different from that of a scar which does not cause much
embarrassment of smalt joints  On thes understanding st 1s convenient however
to consider all problems of scar replacement topether m Part Four



CHAPTER IX
UNHEALED WOUNDS OF THE HAND

ANY secondary procedures are needed because of breakdown
deficiency or neglect of prnmary treatment on the hnes already
emphasised  In some cases the reasons for fatlure of primary healing
are avoidable, but this 18 not always so It would be easy but unfair to dismuss
ths group of cases by saying that they are better prevented by correct
application of primary methods
The optmum primary treatment for 2 patient under some conditions 1s
not always the same as that called for under 1deal conditions Local facihities
may have been madequate for the ideal primary treatment The case may
not have reached proper medical attention within a reasonably safe period for
the exccution of primary closure In certain mjuries, by their very nature
the question of viability of valuable structures is sub judice  Wounds produced
by explosives, gunshot wounds and many other gross destructive injuries are
1n this class where pnimary closure may be contraindicated Under war time
conditions these factors have special application and may even dictate general
policy Morcover there may be other mjuries some of which may call for
more exacting and time-consurung management. The patients genernl
condition may not always permit of ideal pnmary management— A hving
dog 18 better than a dead Lion
Furthermore, mistakes are always with us and we are all prone to make
them  This matters hittle, providing they are realised
Whether failure of primary healing ts due to avoidable or unavoidable
reasons it gives rise to sunilar problems most of which are corollary to the
secondary mtention healing process of open wounds  Infectron scar formation
and contracture, Joint stiffness and structural fixations are some of them
Injured hands may be seen for the first ime by the surgeon at any stage in
course of secondary healing and its vanied complications  In practice they
commonly fall 1nto one or other of the following groups

RECENT UNCLOSED WOUNDS

A wound may be seen first when 1t 13 too late for safe primary closure
ume lapse or local appearance would suggsst or indicate that infection
8 elready established In these cases temporary expectant management
should be instituted with a view to secondary closure. The principles of such
CXpectant treatment are full antibrotic therapy 1mmobilisation m the position
of function and Lmited secondary débridement 1in so far as obwvious dead
or foreign bodies are concerned  When 1t 1s obvious from the patient s
eneral condition and the local appearance of his wound that spreading tissue
\;ftmun Is not going to anse or having arsen 1s now under control one
three courses may be considered (1) Small wounds may be left alone
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SURGERY OF REPAIR AS APPLILD TO HAND [NJURILS

for spontancous secondary healing 1f 1t 15 obvious that this can be echirved
10 a reasonably short tme /e when no obvious advantage would be pamed
by secondary surgical closure  (2) A very occasional hand wound may require
secondary suture  This should be done under general anvesthesia, when wound
margms should be lightly tnmmed and reconstituted and cnough lateral
mobilsation effected to achieve atension closure A prume condition for
secondary suture 1s that there be no shin loss  The indications for secondany
suture of hand wounds are few and far apart  Undue emphass is given to thrs
procedure m most surgical huerature, (3) Early secondary grafting is mdicated
for all wounds with skin loss relative or absolute where healing time could
50 be reduced A wound which could be closed by direct suture at a pnmary
procedure before swelling, reaction and fixation of wound edges by granulo-
matous tissue, can always be closed more suitably bv secondary graft than by
secondary suture  Secondary suture necessifates more local interference than
does secondary gmft

Although the place for secondary closure of hand wounds in crvif practice
1s a very limited one 1t must not be forgotten It might well again become a
method of chowe it war ime  Modern advances in technigue require
certain conditions for thewr safe application and these may not always
obtamn under condittons of war

MASSIVE TISSUE NECROSIS

This often occurs when wounds have been sutured without proper
assessment of viability at a pnmary operation It manufests the predicament
of the surgeon who has been taught the principle of primary closure without
being taught how 1t can be achieved  Wrthout such ltechnical knowledge he
would do better to continue with open methods of wound management

Apain 0 many crushing mjunes tissues of dubious viability or which
perhaps appear viable to ordmarv tests at an inital op~mtion often fail to

survive subsequently
The particular indications in dealing with established tssue necresis are

t considered 1 two phases —

b { The region shouFl)d be freed from any tension immeduately  Tension may
have instigated Ussue necrons and its further increase as sepuc reaction n?}
dema ensuc then embarrasses the airculation 1n adjacent areas.  This l_y'pcht
mass necrosts 1s often n good faith ascribed to snfection whereas onsl e
contrary 1n most cases death of tissue comes first and nfection follows iuc"

infection 1s often anacrobic and saprophytic. This vicwus cwcle of tens On

necrosis, sepsis and more tension must be broken by cutting or rcmmlli
stitches from appraprate regions It 1s sometimes difficult cn(rl) slagnc;m

determine exactly which arcas are viable and which are not ‘I‘hﬂl s ‘mmmlly
especially 1f the doubtful shin arcas coser vulnerable structures. It n:hgtn el
best to contnue expectant treatment i dubious cases for a flcw £ i
relieving tenston untd demarcation hnes arc obvious between hise 2
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UNHEALED WOUNDS OF THE HAND

usswe  If the dead tissue is clean and dry 1t mught well be ket even longer
(Fig 106) Any more radical approach may mvolve the removal of more ussue
than necessary and may well jeopardise the viability of a deeper structure of
2 dista) area—a finger for example  This problem has particular appheation
1 relation to cettain local deep burns

7 When the exteat of ussus necrosis is obvious, dead tissue )s best
removed with scissors or a sharp
kmfe at a secondary débnde-
ment operatton under geaeral
anzsthetic  This may 1avolve
finger amputation through a jout
Preparation of any exposed area
for carly grafting should then be
inststuted  With large raw areas
1t 15 unnecessary to  postpone
secondary grafting until ell Tocal
dead tissue, such as bone or
tendon, 15 removed il the latter
1s confined to a particular area
which ean be left unoccluded when
covering the mamn graanulating areg
with skin

EAPOSURE NECROSIS

When, in an open wound
tendon 1s devoud of s sheath or
bone devord of its persosteun and
soft tissue covenngs, the blood Fua. 106
sy of their exposed ; 8
mpdplu’;"y fuls  and mm“’; !nmnym:nl;u“r::uﬂ time will finatly establish
necross commences  This pro- which Arcas are Viable aad which are mot. . Wih
cess normally apgravated by the :& under control jt b.b:dt:r tobcw(z untll dead
onsct of sepsis, often spreads  maimum disturbance of viable regions. These two
decper as 1 the case of exposed hands show stapea o the declamtion process
tendons  As the surface shreds A OPc week afler Injury in 2 audboard
'c_;iT 1 leaves another to the same o
ate

B, Two werks afier crmhing betwern rolien.

In the early history of 2 wound when these exposed  structu
res are
obvious and as yet not necrotic, the effects of failing crculation can be offset
g_)h:o':ae?:g th? nr&; with a ;:m flap from some local or remote remon
pecial application when there
e oy cpecial aprl 15 extensive skin loss or necrosis on
Onee necrosis 18 established, £, when the tendon 1
y e, oses (s sheen and fts
:lmfnce cor?mcnm 10 flake, or when bone takes on a dull yellow colour these
ssues are far beyond salvation and only expectant treatment can be mstituted
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

unuf the extent of the necrosis 13 obvious Unfortunately this 1s usually a
slow progressive and spreading change  The rate of separation vanes widely
from structure to structure and from region to region When the necrosis 15
demarcated, tendons can be actively cut away  In the case of bone it is better
ta remove sequestm only in the later stages of their declaration and formation.
If any attempt 1s made to separate sequestra prematurely with sharp instruments
a repetition of necrosis from spreading of sepsis 1s always hikcly

GRANULATING WOUNDS

If primary closure 1s the mam obyect in pnmary treatment of hand injuries
1t might well be stated that carliest possible epitheltahisation s the main object
of secondary treatment for all open granulating wounds. The propet early
healing of soft tissue wounds 1s an essential prerequisite for early active function
and to mimumise the pernicious effects of scar formation  The early lines of
treatment for all open granulating wounds are the same whether the immediate
object 15 spontancous healing or nctive grafting.  The optimum requirements
are the same in either case A skin graft s merely a superadded indication
if the wound 1s of such a size that appreciable healing ime can be smved  To
this end no matter what the ultimate requirements of the partcular areaa
mght be o few pinch grafts or a split-shin graft on a wound the size of
a postage stamp should be considered as a routine dressing as soon as the
granulating surface 15 conditioned  Students and house surgeons should be
proficient n these simple procedures at an elementary stage of their surgical
trumning.

In the prepamation of open granulating wounds whether grafing 1
anticipated or not treatment should be conducted with a bactenologwal
conscience. It ncludes datly cleansing local application appropriate to the
state and type of wound infection and a pressure dressing,  Cleansing and
lavage are easy 1n a hand bath when soap can be freely used with advantage
The mechameal removal of bactena and nutnent media by simple soap and
water washmg 15 by no means the least important part of a wound toilet  The
apphcation of antiseplic agents at repeated dressings over inspissated pus and
debnis 15 nll too common

Where discharpe persists to a degree incompanble with grafting  the
possibility of a retamed foreign body necrosis of bare tendon or bone of
of an open joint should be considered  Any of these may act as a persistent
focus for remnfection of a wound surface. The charactensties of healthy
granulation are s bnght colour us firm repular surface with mimmal
discharge and an actively growing epithehal edge (Fig 107 A and M A
granuloma over which centripetal edge-growth s rapid (s a satislacton hase

n graft
for n[::lmg;a as surface healing 15 achieved these wounds may call for further
secondary treatment on lines considered under other headings
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Fa 107

Preparation of granaisting woands for grafty
AT mld\nlimmdmnrmnhandh}‘uﬂ‘ Contrast their
and dness f The

5::& The wrist with cdi:]'“'dy for?\dn

nseparat and free

basa cegular defined and :dw:‘:ﬁhisynquhc
unsuited for grafting.



SURGLRY OF REPAIR AS APPLIED TO HAND INJURILS

unuil the extent of the necrosis 1s obvious Unfortunately this 1s usually »
slow progressive and spreading change  The rate of separation vanes widely
from structure to structure and from regon 1o remon.  When the necrosis 15
demarcated, tendons can be actinely eut awny In the case of bone it 1s better
to remove sequestra only in the later stages of their declaration and formation
1l any attempt 1s made to separate sequestra prematurely with sharp instruments
@ repetrtion of necrosis from spreading of sepsis s always Dikely

GRANULATING WOUNDS

1 primary closure s the mam object tn primary treatment of hand 1mjunes
1t might well be stated that carliest possible epithehahsation is the main object
of sccondary treatment for all open granulating wounds The proper early
healing of soft tissue wounds 15 an essentral prerequisite for early actne function
and to munmmise the pernicious cffects of scar formation. The carly hines of
treatment for all open granulatmg wounds are the same whether the immediate
object 1s spontancous healing or active grafing.  The optimum requirements
are the same 1n etther case A skin graft 1s merely a superadded indication
if the wound 1s of such a size that appreciabie fiealing time can be saved  To
this end no matter what the ultimate requirements of the particular area
might be a few pinch grafis or a spht-skin graft on a wound the sure of
a postage stamp should be considered as a routine dressing as soon as the
granulating surface 15 conditioned  Students and house surgeons should be
proficient sn these simple procedures at an clementary stage of therr surgwcal
trammg.

In the preparation of open granulating wounds whether grafung 18
anticipated or not treatment should be conducted with a bacteriologteal
conscence It includes daily cleansing local application approprate 1o the
state and type of wound infection and a pressure dressing  Cleansing and
lavage arc easy 1n a hand bath when soap can be frecly used wuth advaniage
The mechanscal removal of bactersa and nutment media by simple scap and
water wasfung 18 by no means the least important part of 2 wound foilet The
application of antiseptic agents at repeated dressings over nsprssated pus and
debris 15 all 100 common

Where discharge persists to a degree incompatible with prafung the
possibility of a retained foreign body necrosis of bare tendon or bone of
of an open jownt should be considered  Any of these may act as 2 pemsistent
focus for remfection of a wound surfaice  The chamactensues af healthy
granufaton sre s brght colour s firm regufar surface with mxnimf\l
discharge and an actively growing epithelral edpe (Fig 107 A and n)m
granuloma over which centripetal edge growth 15 rapid s a satslactory bawe

ft
for a»\s:,s':)og?as surface heahng 1s achicved these wounds may call for further
secondary treatment on lmes considered under other headings
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B

Fa 107
Preparation of gramlating wovods for grafts

A, Two residml wound arcas after & band In Contrast thelr
y skin graflng.  The

and actively growmg
Liotsd and with umsepanated and free
mmllﬂUhrdd?mdlndhnajvecdpe i yet quite
umsuited for grafting.
B, A close-up view thowing the active grom g epithelal edge—
f-kmnneeltnumﬂ-ﬂlul;
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

until the extent of the necrosis 15 obvious  Unfortunately thus 1 usually a
slow, progressive and spreading change The rate of separation vartes widely
from structure to structure and from region to remon.  When the necrosis i
demarcated, tendons can be actively cut away In the case of bone 1t is better
to remove sequestra only 1n the later stages of therr declamtion and formation,
I any attempt 1s made to separate sequestra prematurely with sharp instruments
a repetition of necrosts from spreading of sepsis 15 always hkely

GRANULATING WOUNDS

If pnmary closure 15 the main object 1 primary treatment of hand mjurks,
1t might well be stated that carliest possible epithehalisation is the mam object
of secondary treatment for all open granulating wounds. The proper early
healing of soft tissue wounds 18 an essential prerequusite for early active function
and to mintmise the pernicious effects of scar formation  The early lines of
treatment for all open granulating wounds are the same whether the immedate
object 1s spontaneous healing or active grafting.  The optimum reguirements
are the same 1n either case A skin gmft 15 merely 2 superadded mdication
1f the wound is of such a sizc that appreciable healing time can be saved  To
this end no matter what the ultimate requirements of the particular area
might be, a few pinch grafts or a spht skin graft on a wound the size of
& postage stamp should be considered as a routine dressing as soon as the
granulating surface 15 conditioned  Students and house surgeons should be
proficient in these simple procedures at an elementary stage of their surgieal
tramn

In&thc preparation of open granulating wounds whether grafung 15
anticipated or not, treatment should be conducted with a bacteriological
conscience It includes daily cleansing, local application appropnate to the
state and type of wound mfection and a pressure dressinp. Cleansing and
favage are casy 1n a hand bath when soap can be frecly used with advantage.
The mechanical removal of bacteria and nutrient media by simple soap and
water washing 13 by no means the least important part of a wound toilet The
apphcation of antiseptic agents at repeated dressings over inspissated pus and
debnis 1s all too common

Where discharge persists to a degree compatible with grafing the
posstbility of a retamed foreign body necroms of bare tendon or bone of
of an open joint should be considered  Any of these may act as 2 permistent
focus for remnfection of a wound surface The chamctenstics of healthy
granulation are uts bright colour 1ts firm regular surface with mimm.}\l
discharge and an actively growing cpithell edge (Fig 107 A and B)basc
granuloma, over which centripetal edge-growth 1s rapid 13 @ satisfactory

for a skin graft

As soon as surface healing 1s achieved these wounds may call for further
secondary treatment on hines considered under other headimgs.
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Fia. 107
Preparation of gramatating wounds for prafts
A,T‘ornld\nlwoundlrnslncrnhnnd}mm% Contrast thefr

mfting. The
mlﬁkmm ting nnface has an
lﬂlndﬂﬂh‘ely o mhrmdy‘l;:lkin
hnamwhrddhrdlndhw:lh:cd# ks yet quite
unsuited for grafting.

B, A:hr—\mvbwmm\b:uﬂ\rnwm.mur\n!cdn—
ir asturance that a graft will take.
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

SEPTIC COMPLICATIONS

It 15 a paradox that septic complications usually follow the more simple
mjuries of the hand and fingers as the result of ther neglect or improper
management, usually the fault of the patient himself

Fro 108
Osteltis of phalanx from exponare and sepsis
A common result after failure to achicve dosure for an open infury of the
finger tip with expoTure,

A The chronle painful discharging wound.

B, Radwgraph of the imderfymg phalanx—one year after the fnitial nfury

C, The result of excision of the area and its replicement by s direct flap from a reekess
d little finger

Fo 109
A chronic wnbealed finper woand
A, Painfa discharging wound of tw o years duration.

The septic complication of most concern to-day s that of mtcom)r):lxrr:
in exposed bone greas. It 1s usually on the tip of 2 ﬂngar((;r{l;ng:rls&::?sdwlw)
flap has not becn achiey es
et 1 otier ths lure attempts at provimal section
nt treatment 15 better than any premature p
Expecta A



UNHEALED WOUNDS OF THE HAND

through bony structure  The nisks of further sepsis at the site of the proximal
section are great, and therr effect embarrassing to all concerned It 1s better
to accept long delay and the fact that secondary amputation or plastic
reconstruction will be necessary for an adherent scar which 1s often pamful
and unstable. Earlier interference 1s permusible, however 1f the length and
condstion of the bone ends are such that proximal amputation through a joint
can be carried out.

Under present-day conditions spreading infections in tendon sheaths and
fascial spaces are less common and their effects are less disastrous  These
complications are well covered 1n many standard books  The principles of their
management include rmmobilisation 1 correct posture antibioti therapy
dramnage 1n proper time and place and sometimes later removal of dead tissue.



CHAPTER X
RE-ESTABLISHMENT OF JOINT MOBILITY
THE claboration of any reconstructive surgical progrmmme 15 largely

condttroned by the presence of adequate jont mobility

If mobaluty 15

not restored to the small joints of the hand many seconda ratine
procedures are worthless or indeed contramdicated unless they ';yrcngfrec(cd
to removing the cause of joint embarrassment

The small joints of the fingers do not tolerate prolonged fixation or postural

vicious deformity 1o bo avoided by careful
ure and splinting in all cases of dorsal hand

or ymll mncie palysis  The pkal
geal jointa  with  secondary
deformities fn Interphalangeal joints
U5 llustrated,

A, Shaws madotum extension of the flagers
B, Shows madioum ficxion—in which efforts
the hyperextemion B

meta
cxageen The manjpulative value of
:vh-:mhm f lont without cffectlve thumb
opposition,

contracture 1n the flexed postion

defornuty without sufferng changes
or fixations in the delicately balanced
arrangements of therr articular and
penarticular structures

Postural fixations and deformutwes,
whatever their cnuse, are prone to
become  permanent.  The ntimate
relations of both flexor and extensor
tendon systems to the small finger
Jomts are lable to be upset  Such s
the balance of power between flexors
and extensors and so dependent is it
on poution vanations and mobiliy of
the various finger joints that defects in
any one of these three wterdependent
armangements  will  casly imuate
secondary deformuties and disabilitres
(Fig. 110)

The lateral ligamenis of the meta
carpo-phalangenl jomnts are prone to
shortening and contracture f these
jomnts are fixed in  the estended
position  whilst the anterior capsules
of the first interphalangeal joints are
especially prone to shortening and

The former 1s difficult to correct the

Intter generally impossible.  The mnfluence of anteror capsule contraction of
interphatangeal joints can easily be demonstrated on an amputated finger wath

this deformity  Whatever its basic ongin such a finger cannot be

sirmghtened

by strong manual force, except by rupturning or cutting the contracted anterior

capsule

short, Age has an enormous

which any recovery of function 1s effected.  Anyone with an an!

1s grossly handicapped 1n this regard

Even then it generally mvolves a distocauion of the jont

The period for which these postural changes are reversible 18 afarmingly
influence on this, as on the rate and extent to

hnte tendency
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RE ESTABLISHMENT OF JOINT MOBILITY

The importance of prevenung joint stiffness is obvious No single joint
should be smmobilised for longer than 1s indrcated.  Where jomnt stiffness 13
apparent it may be necessary to err rather on the mde of movement. One can
always rmmobilise agan 1f sepws, for txample 15 mamfest but it becomes
inereassagly difficult to mobilise joints frozen by long mactivity

The metacarpo-phalangeal jomnts are the key jormts m the hand, and there
are fow surpical conditions which ever justfy their ymmobilisation 1n any other
than the position of function. At the interphalangeal jownts three weeks 15 8
generat working himut for immobilisation n other than the position of function,
This may apply for example to the extended pontion following repair of the
related extentos mechanism

If immobilisation has been of short duration active effort and use are
usually wufficient to restore movement  but in many cases this 18 too slow and
tedious, and often insufficient where multi-stage repasrs have to be commenced.
On the other hand, forced passive manipulations are bad for small joints
Even if a pood immediate passive effect 15 obtained subsequent active movement
1 prevented by pain edema and reaction  These 1n turn are soon replaced by
fibrosis, with at best, a retum to the status quo ante  In these cases the
principle of long-continued light elastsc traction as claborated and emphasised
by Bunnell 15 the best aid to early restoration of jomnt mobility The essentral
element sn thus s the nature of the teaction. 1t 15 hght, clastic and continuous
and 1t must not be of sufficlent degree to cause pam. This s quute different
from mtermittent mampulatve physiotherapy which so often starts the ciremt
of painful mampulation inflammatory reaction and aggravation of stiffnesy

Thus pnnciple makes use of a force sumlar but opposite to that which
actually produces the deformity fe 1t supphes antagonistic achion to the elastic
tension of certain tendons unopposed by therr normal antagonsts,

There 15 no end to the elaboration of design in achieving elastic traction
on the vanious jomis of the hand, nor to the matenals in which these designs
can be executed.  Bunnell has made a classic descnption of such splnts * to
mobilse a5 distinct from splints  to smmobilise

The system should be removable and constructed n a light, non
cumbersome and nmple manner It should be casily adjusted by the patient
himselfand easy to keep clean 1t should be fitted to the particular requirements
of indwidual patients  We have found that sphnts of a vraversal purpose and
use are generally too cumbersome or elaborate for partscular cases They
sequise 8 good deal of strictural alteration and adaptation to fit properly
and serve partrcular eases with comfort  Individual splints can be made with
ease and httle expense where any mechanieal laboratory or splint shop 15 at hand

Modern plastic matenals are particularly wseful for this purpose  They
are light, clean and easly adapted to shape and contour  We have made much
use of “perspex  supplied an sheets 1 i thick which are easily cut and
moulded to a forearm nfter heating n a bunsen flame  Small metal plates can
be casily adapted to the wrist end of this sphnt for the attachment of any wire
progctions (Fig. 111)

Bunoell, $ 41946). Acine apdinting of the hand. J Bone J Sary 28,4
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SURGERY OF REPAIR AS APPLIED TO HAND INJURILS

In addition to exploiting the elastic traction effect of rub
on fingers, much use can be made of spring steel wire (l&:fu:acngcsannzm:ﬁ
30 bent and arranged that when a finger 13 slung to its end there 15 0 conttnuous
traction cffect in a particular direction
depending on the size length and
bend i the wire

Splints for Flnger Joints Stiff
in  Flexton — Elastic traction 15
obtammed from dorsal spring wires
fixed to the forearm sphint The
traction effect on particular jomnts
1s obtaned by placing the fulcrum

Fo 111 or counter pressure pad proximal

Perspex splint with wire extentiors to the appropnate joint (Fig. 112)

;lr Wotypc_‘_r:cmdim splint é’wafuﬁ ':E As improvement ensues it may be

nru’k;rw—phhnu“mllm}g*ud‘ﬂllwg* elastio tonsion :hm;argruto alter the position of

can to ext ts fulerum and the direction of
of splini demonstral

Jolets. gfx: E"?-ptul—’vn B tmction as the splint  tllustrated

casily permits

Splints for Finger Jolnts Stiff in Extension —Above all prevention 1s
better than cure for this deformity Two mechanisms are often required for
its correction.

Finstly for stiff extended metacarpo-phalangeal joints we have made
extensive use of Bunnell s metacarpal splint! and its vanant, the * knuckle
bending ™ splint 2 (Fig. 113)

Secondly when and only when, some degree of flexion already evists
or has been obtained in the metacarpo-phalangenl joints, a glove with
elastic traction from the finger tips to
cleats on a volar wrist plate s used
to increase the flexion range in the
interphalangeal jonts (Fig. 114) It
1s not only useless but wrong to use
this 1f the metacarpo-phalangeal
jomts are still stff in extension for
the direction of traction in relation to
these extended joints will only tend to Fro 112
force them nto hypcrcxm?lon i Extension tractioa splint mith fukrem

These prototypes of traction  Exenvon traction int applid o4 un e finger
sphnts satlsfl;' requirements 1 most Noe:dr-ﬁm fukrum;mi
cases Mimnor adjustments are always

required for the mndividual  They
are apphied for peniods of two to three hours two or three times a day

and active movements arc encouraged between times.  Pain 1s an indication
to remove them and to reduce either therr time of application or the tension
' Bunnell, S (1936) Swrpers of the Mand 3rd ed  Phladelpha J B Lippincott Co
$ Bunnell S¢(1946) Active sphinting of the hand.  J Bowe Ji Swrp 28,73 T
14

(Reprint from Bnts b fou asd of Plone  roee Aol 11
\ Kombom ! 80t find }



RE ESTABLISHMENT OF JOINT MOBILITY

i the splint. Generally the further the joint range mmproves the more
ropidly 1t does so, and joints which are
going to 1mprove commence to do 50 1n
a few days

Confronted for the first time wath
small jomt stiffness following some hand
imgury 1t 15 often difficult to assess
whether the stiffness 15 pnimanly due to
jomnt damage or whether 1t 15 secondary
to injury to other structures or 10
prolonged immobilisanon  In either case
joint mobilisation must be restored as
far ns possible by the means described
Companson of active and passive move-
ments may then mve some lead 10 A
more precise  dingnosis  of  structural
defects and the possibilities of repair

If there 15 no restoration of passive Fa. (13
joint mobility any attempt at tendon BarmeIl's knnckls bending splint
repair, for example, 15 useless, and any Ths simple and valuable “splint to
skin_ plastic 1s usually only of cosmetic 0 e, b0 ulekly made In arty spiint
significance.  Without adequate joint mnpl}ohmmﬂacdmd
mobility the only operations of value CGThT cn be aled oot agint
are those directed to the mobilisation This splnt fs most vahable In preventing
of metacarpo-phalangeal joints or to chw-lund deformity during recovery of
postural correction and fixation In such
cases it becomes horribly sigmificant just how important is the * position
of function™ of the hand and how
reverently we must respect it in any
immobihisation  We can never be too
busy or too proud to remake an un
satisfactory plaster which does not fully
respect this position

SURGICAL CORRECTION OF
o 114 POSTURE DEFORMITIES
A pplckmc;cuu o Corrective procedures such as wedge-
:mﬂ:- iation of fexlon tra It osteotomies, or joint excisions to
e tended by elminate deformuties and lter  align

# would then tend pralt gy

B hould then 1 to emle that  ments, will be considered 1n Part Four

Hon with or Bftee e ookl wu""""‘ Capsulotomy —There 13 only one
splint. ;oft tissue surgical procedure of value

or stll jomnts and it 1s of use only for

uhrclztnctcd group of cases. This 1s lateral capsulatomy for mcmci,rpo-

phalangeal joints which have secondarily become suff in extension through long

15§



SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

Lateral

lostration to show how the scalpel is Imeried and the bteral Igament dhvided at
the pomt of 1ts proximal ongin It ks kmportant to avold the extensor food
which overlwcs its volar and distal aspect. (Flg. 21 in Chapter 11 )

Fa. 116

Results of anpsulotonmy
deft treated lateral capsubotomy of the metacarpo-
A case of claw-hand ormity ph:hngj iy
Shows the maumum finger ficwon before capsulotomy
3 C D:Tmuﬂnl:dtﬁﬂmranp:mmonlh\hlcr Theunr:cv-ru.rc«’b:\!l;\;xurﬂﬂ‘c
of the wrist due 10 loss of wnst extenson in thrs cise was due to M"Hmrvr
forearm.  Control of thrs by a szmple splint as 10 C shows he true rnge o
flexson resulting from the capsulotomy operabion.

1%



RE ESTABLISHMENT OF JOINT MOBILITY

fixation 1 the extended positon® (Fig 116) This often follows the too far
distal extenston of a volar plaster siab for wnst fixation Metacarpo-phalangeal
solnts are notorsous for this deformity, and always dufficult to re-mobilise

We have deseribed how the lateral higaments of the joints are taut i flexion
and slack in the extended posstion and how lateral mobility which 18 selatively
free 10 extension becomes restricted 1n flexion  As wath many other joinits, if
the slack 13 taken vp by fibrosis and contracture, as it 1s with any long
immobilsation 1n extenuon, 1t becomes obvicus why flexion 15 tnpossible,
and why too, the condition is so resistant to non-operative treatment  This 15
the yationale of latern] capsulotomy which may produce a dramatic ymmediate
resuft Improvement 1s then mawmtained by careful and frequent physiotherapy
based on assisted active movements. The ligaments arc sectioned through
separate tenotome stabs on each side of the extensor tendon The operation
may be done as an open procedure with a more radical resection of the
hgrments, It s sometimes combined with more extensive dissection and
freeing of adherent planes between the extensor system and the joint or
proumal phatanx  The precise ndications are vaned.

Apart from lateral capsulotomy for metacarpo-phalangeal joints, we have
had no success from a number of operative procedures tried in relation to
other soft tissues of the small hand joints.

Though we have indicated the active procedures of value in restoring
jomt mobility mn particular cases, let 1t not be thought that such surgical
activity is always essental in this phase of management On the contrary
18 lapse of ime together with quiet encourngement of normal use and function
which Iny the basis for return of freedom to suff jounts.

I Shaw C G (1920) Ankylosis of metecarpo-phalangeal folnt. Afed J 4nsr 2, 549
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INTRODUCTION TO PART FOUR

HIS section 15 concerned n the mam with clective secondary repair

operations on hands already healed and in proper state for any such

opemtion but this, too must be properly regarded as an arbitnn
arrangement

It 15 one of the objects of this book to show how the need for secondary
operations after hand injunes will continve to dipunish wath improved technical
standards of pnmary treatment and an increased repair-consciousness ab inltlo
With this, the distinction between primary and secondary surgery becomes less
defimte  There can 1n fact, be no ngid line between primary and secondary
reparr  Not only must prumary treatment anticipate the possthiliies of
secondary repaic and lay the best foundations for it, but many secondary
procedures are actually commenced at a primary operation

Our object here, however 1s to cover those secondary repair operatiom
which are deliberately considered and planned on the healed hand.

These may convenently be subdivided into repar operatons and
reconstructive operations. The former concern the correction of defects
existing 1n one or other of the various anatomcal structures of a hand or hand
remnant. The latter concern the reconstruction of or substitution for parts
actually Jost,

The succeedng chapters will follow these hines, and 1t 15 assumed that the
hand 1s already i optumum condition for any such operation in the light of
intermediate treatment, as already discussed



CHAPTER XI

GENERAL CONSIDERATIONS OF SECONDARY
TREATMENT

REVIEW OF THE RECENTLY HEALED HAND

HATEVER may have been envisaged at an sitial plan of management
chcry ingured hand must be reviewed when all wounds are healed and
joints mobide. New factors demand thought at this stage before any

secondary repair 15 underiaken  This review should cmbrace two mam
deliberations—the physical state of the hand and us efficiency

The Physkal State of tbe Hand —Each case presents a new objective
surgreat problem concerning deformity, rmpaired movement abnormal sensory
funciion or inxtabihty of recently hented areas.  Function may fail short of
the optimum for rensons of skimn loss sear fixation tendon bone or nerve injury
Anatomical diagnons must be estabhshed as far as possible concerming the
exact nature and amount of tissue loss 1n cach of these structures. This 18
apparent to close scrutiny except 1n regard to tendons and nerves where 1t is
often quite 1mpossible to ascertain, until surpeal explosation, the exact natuse
of damage. [t 1s true that we may have the notes or first hand experence of
primary treatment, but to the primary myury has to be added secondary damage
from exposure sepsis prolonged immotyhsation or scar fixation

The Efficlency of the Haud —This must be carefully considered both 1n
relation to the hikely value of any further surgical procedure and to the hikely
wfuence of passage of time and normal resolubon processes  The prognosis
with further surpcal treatment must be compared with that based merely on
passage of ume  Much will depend on the patient 5 attitude, lis age his normal
or antieipated employment  Moreaver decisions cannot be divoreed from
personal expericnce 1n the past management of a particular patient, his
co-aperation and behaviour  The impaortant principle of contimity in treatment
13 apmin emphasised

The more mutiated the hand the more important even a shght possibility
of mmprovement becomes, but it 13 unfair to commut any patent to equivocs
surgery which though academically interesting, holds no real economic Pprospesct
for tum  There 18 no excuse for adding further msk to the embarrassment of
s exsting state

Trial of Functlon —The Lkely degree of spontancous improvement mp
Tunction often cannot be judged without the trial of ume. It is often sourd
praciwce to procrastmate and allow a reasonable pertod Tor tnal of vse, Afi—
this the patrent himself 1s usually a good yudge of the ikely value of forher
treatment  He s the only judge of the order of his exuting handicap  Pasg.
of ime n one casc may bring relief 1o a tender scarred area  In awothe v
may only mamfest s instability and unsatwfactory natore. Decriaes fo-
proumal re amputation of fingers are often best made tn the hght o 1re
patient s own expenence over a tna) penod -
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SURGERY OF REPAIR AS APPLIED TO HAND INJURES

RECORDS AND REPORTS

Records in this phase are important for future companson and as a bass
of report for msurance or litigntion purposes. To mantain 8 fair degree of

M A X Shky

durect tracmg te anpotation 1 a smpie wnd accurate o nnal
4 rtcor;yd.tmylrﬂd)dmbnlhﬂhmlmm
edious, wordy descriptions
apd to obviate the necessity for long 1 .
tar:ucr:;ymon practice of makng a direct outhne tracing of the evtended ha
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GENERAL CONSIDERATIONS OF SECONDARY TREATMENT

as 8 basis for noting its deviation from the normal 1s commended (Fig. 117)
So 15 the practice of Koch and Mason! of Chicago m expressing joint range
as a fraction the numerator for maxmmum extension and the denominator for
maumum flexon of the joint. The figures express degrees of posture so that
180 degrees is the straight posstion A record or report based on such a
diagram gives a clear and more accurale statement than a word picture which
of necessity 1f complete would be ponderous.

! Koch, Sumner L. & Mason, Michael L. Persomal communlestions,
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CHAPTER XII
SCAR DISABILITIES OF THE HAND

CAR ussue by its very nature and behaviour and by its secondary fiaatne

cffect on deep structuret 1s a commeon cause of residual hand disabilities

after injury  These depend on the distributton and amount of scar m
superficial or deep tissue planes  Linutation of movement repeated or
persustent ulceration and pain are the common clinical features of unsatrsfactory
scars

Certain generalities are fundamental to the understanding, prevention and
management of all scar disabilities

Scar Is a monument to the secondary Intentlon healing process, part of the
mechanism of which 15 progressive diminution 1 the size of a wound by
contraction of matunng granulation tissue  Progressive local fibross with
distortion of surrounding mobile structures 1s part and parcel of this process.
To these 1ssues the small joints of the fingers and the many structures contained
m the hand are pecularly vulnernble IF the secondary intention healing
process can be cut short or even prevented residual scar disabihities must be
cotrespondingly dumnished

As secondary intention healing 18 a common mamfestation of uncorrected
shin loss, the full value of primary grafts for wounds with skin loss or
carly secondary grafts in cases unfavourable for primary closure becomes
obvious

Surface scar with 1ts structure of an epithelium tenuously attached to 2
fibrous base has little of the structure and stability of true skin where a serrated
basal layer 1s firmly attached to an clastic dermis containing manv structures.
Skin Is an organ with many functions , scar at Its best Is a make-shift integument
(Fig 118)

There are a number of misconceptions 1n regard to the behaviour of scar
which must be Jaid Iike ghosts

The contraction of maturing scar tissae cannot be effectively prevented by
external splinting—for a number of reasons (Fig. 119)

1 The effect of such splints 1s only upon the posture of the joints
which are included within the sphint  Thev exert no control over soft
tissue tension and elasucity nor do they tfluence the posturc of more
proximal or more distal joints. No matter what the position in which
the joints are splinted the scar continues to contract at the expense of s
steady stretching of the surrounding normal soft tissue with its nherent
elasticity

2. To be cffective the sphnt would have to act continuously from
the very o ement of the healing process until the contractle phase
was over—a mimmum period of three months, Its removal dunng this
peniod for dressings or other purpose 1s followed by such rapid contraction

164




SCAR DISABILITIES OF THE HAND

ble to re apply the sphint
after a few smunutes it may be imposss
:xl:nnt;ornmnipummn Such manipulation  of course. only ruptures the

matunng scar and starts the process all over agmsn

Fa 12

Comparathe histolopy of sk, i.dn grafts, sod scar

Hntologica) structure of A skin - B, scar  C, sphitskin  and D a healed spint-cdba graft. It is
otrvious that D 1 the bent substitute for A. B ki & relathvely pooc substitute for the stnucture and
function of A Mote the ready scparation of its epithelium,

1 Scars are not always confined to one surface of a joint and the optimum
position for sphinting for each surface may be different. In what position
would we sphnt in such cases or when sears are aircumferential 7
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4 The secondarv effects on small hand joints of prolonged sphinting 1n
abnormal postures m a vamn attempt to control scar contraction are such that
even could the primary effect be achieved the
resulting jomt stiffness could never be relieved

Mature scar cannot be stretched elther actively
or passively  Scar contuns no clastic fissus
and when matured 1t 15 one of the strongest and
most 1nelastic tissues in the body In the carly
stages after wound healing the surviving tissues
in the region are stil 1n a state of subsniding
inflammatory reaction which may take months to
undergo slow resolution  Such ussue howerer
1s capable of complete resolution and restoration
to norma!  The scar on the other hand, which
represents tissue loss and not reversible tissue

Fa 119 damage remamns and contracts progressively 1n

Contracted fiager scar follonlog 8 1ts maturation to adult fibrous tssue.  As the

chlldhood Injory

No effort of splinting could bave surrounding inflammatory reaction subsides, the

prevented this deformity tissues affected recover slowly therr mobility and

clasticity so that whereas they werc previously

nigid they can now be streiched to the limit of their elastioty  Simularly

progressive resolution allows more mobility of the subcutaneous tssue, so

that the scar and 1ts surroundings may be raised up 1n the form of webs

across the flexor surfaces of joints This resolution n surrounding tissues

may outweigh 1n effect the contraction of the scar and if so joint range will

ncrease to a degree dunng this period It 1s the surviving tissue returming 1o
normahty which stretches—never the scar

The only effect that manipulation can have on scar Is to rupture it Any
forceful manipulation to be effective, must rupture both scar and surface,
and this only aggravates the vicious circle of scar formation. Slow traction
may stretch normal tissues to the hmut of therr elastiity but this is only
temporary until the traction 1s removed  If a return to some degree of function
1s achicved 1n this way at the expense of @ mmimum of stretching, deformity
or webbmg of surrounding skin the method might have an occasonal
application  but never let us think we have stretched scar tissue

The malicious effects of scar arc relave to the particular area
involved The correct and umely management of a scar contracture reaches
its acme of importance on the hand where a small scar can produce a large
disability

Any lincar scar will contract along lts Jength  Even the best lncar scar
followang primary heahing of suture hnes can produce some disability of the
scar crosses the flexor surface of 2 joint These are not monuments to sccondary
intention healing, but they demonstrate the vulnerability of the hand wath 1ts
many small joints to anv misguided surgical attack  Our concern 15 for better
scars In better places )

Surgery concerned with the relief and replacement of scar tissue is gencrally
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best deferred until the normal resolution processes are well advanced and the
regon is soft and phable  This, however cannot always be applied in the case
of the hand  Irretnevable secondary deformsties of the emali jowts aften render
long-delayed corrective operations useless The indicatsion for rebiel of scar
deformsties 15 n the intermediate phase of management if the scar 13 responsible
for embarrassment of small joint function  This apphes especially to metacarpo-
phatangeat joints which are deformed 1n hyperextension and generally assocated
with compensatory fiexion deformities of the interphalangeal joints, which 1n
turn are prone to early and permanent contracture of thesr antenor capsuiar
regions

For any scar disabufity of the hand 1t must be decsded {1) whether or not
correction 15 indicated (2) when correction 18 best carned out (3) how scar
replacement 1s best achicved

These factors will be considered seriatim.

THE INDICATIONS FOR SCAR REPLACEMENT

The mum wdications for scar correction are as follows (1) To rcheve
deformuty and limitauon of small jomt movement  (2) to relieve tightness and
constrretion which embarrags movement or arcutation (3} to reheve pamn
in scars adherent to bone or nerve ends, (4) to replace areas prone to
nstability and repeated ulceration  (5) to perrmt of operations on deep
structures which would otherwise be precluded or jeopardised w8 scarred
aren—this often applies in relation to secondary repair of tendon or nerve,
(6) occasionally for cosmetic considerations,

Most of these indications no longes apply if iectrievable secondary or
associated jomt disabilities are already established

THE TIME FOR SCAR REPLACEMENT

The optimum tme for operating on hand scars vanes with their location
and nature, and with the disability which exists in any given case. If there is
marked jomt deformity everything 1s to be lost by delay  In most other cases
much 13 ta be gamned by deferring operation until scars are well resolved and
same function restored to the hand as a whole.

For scar comections prepanatory to repair of deep structures the tme

indicatton 1s mainly gorerned by the particular structure involved and the
of the procedure envisaped fhe nature

THE METHOD OF SCAR REPLACEMENT

The weat surgical management is total exewsion of the
scarred aren to
re-establish the priman anatomical defert fotlowed by replacement with new
ussue in like hind and amount to that which has been lost,
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In the case of cutancous and su
perficial scar this ideal
reached but where t o
e ere there are deep scar ramifications, compromuse must usualty
It has often been sard that a scar can be replaced only by another scar

W ﬂ/
@
/ 4/.—:‘.R]C-?LI'-H‘ , /\VRONG

Fra, 120
The method of scer exchsion

kh(mpoﬂlnl!}mlnnywtcmlulsarlbmﬂlbctduoru: docs
reprodoce the original scar disability eh o

(R pooduc 4 4 permiomom Anrt ol \ X [omrnil of
.C:D.U.Am»/unwm ﬂu“"bﬁ:’ )”I VIS 3 terr e

Fra. 121

Poov plastlc sargery
Tnadequate saar excruon, wrong choxe of rrwnlludlydaw\cd
fagn, are woeflectne wasteful and unughtly

This may be laceally true butsf the new scaris of mummal amount or $o situated
that its contracteon effect 18 in a neutral acea and rt cannot adhere to essentual
structures much benefit 1s denved

When excising a scar certain principles command respect Ervery endeasour
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SCAR DISABILITIES OF THE HAND

must be made to cnsure that the margins of any area defect do not verticaily
transect flexion areas  Angled incisions are better than curved sncisions  This
often means that some normal skin must be removed to give wdeal position and
shape to a marginal scar  The best use should be made of the neutral areas
on the smdes of the fingers between the extremities of the flexion creases
(Figs. 120 and 121)

Compromise 15 fnecessary where deep scar envelops mam anatomcal
structures Nerves are often contracted across arcas of long-standing flexion
deformuty  Similarly, joint capsules may be permanently contracted  Despite
temptation these structures must nat be forcibly stretched m an effort to
break down deep scarnng.  Their contracture should be taken ax the it of
anatomical correction at the time of the scar excision A pered of function
in the improved range often permuts of further correction whete tight structures
have been Himiting factors at the first operation

To carry out the necessary detml of a deep scar dissection use of a
tourniquet 18 an absolute necessity to the operation  So teo fs famihianty
with anatormicat detail

REPLACEMENT OF UNCOMPLICATED SCARS

We are concerned here with pure scar disabilities where there 15 5o
associated lesion of tendon nerve, bone or jomnt. Thus correction of the scar
should entsrely cosrect the dusability  Uncomplicated scars present m two
main forms—linear scars and area scars

Linear Scars —These result from wounds where there has been bitle or
no shin Joss, and where healing has been by secondary intention or finear
cottraction has occurred across a flexion line, Tenston 1n steelf ke movement
durng heating, may gne nise to some degree of scar hypertrophy  Longitudinal
scars cause varying grades of tghtaess or webbing which may hmit funciion
Thus effect 45 often seen on the volar aspects of the fingers or along the crests
of tnterdiputal webs, especiatly that of the thumb  Lanear contraction 1s usuath
amenable to “ Z " rearrangement provided there is no appreciable foss of skin
across the axis of the masn sear line (Fig. 122)

In practice contracture of musplaced mcsion Iines offers the mam
mdmuuunl lt:jr thl: = Zl pl-:;uc procedure on the hand  Most common of thclsc
1s a so-called “ faternl  incision on the finger which 1s too far f¢
true lateral or neutral hne (Fig. 123) o forvard of the

Area Scars —For alt sears which represent shin loss only a fr

ee gralt 15

Lr:rcntcd afler _in_:ur cxcmotr }l'hc defect is always much b:ggerythan the area of
rexcised  Two types ree graft each have th

and applicatton 1n covening these areas eif partilar advantages

WHott shin GRaFTs.—Despite their added technren) difficy
time mvolved we consider that free wholeakin grafts have a \’-ah.u:]:i5 scggd:hr;
haed repair which has rather hghtly been put aude because of the relatyve
case 1n using a thinner graft - We continue to use whole shin for paim and volar
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SURGERY OF REPAIR AS APPLIED TO HAND INJURILS

aspects of the fingers. Their subsequent contraction 1s
neghmble their
1s good they have an extra mobility and the order of scniuon lhnﬂrig;g.

Fro 122
“Z™ plauie for linear scar contracture,

though slow in returning, ultimately becomes almost normal (Fig 124)
Thimner grafts of sphit shin though techmcally easier never achieve the same

Fro, 123

Contracture rom mivplaced Uncar seury
Mrsplaced finger mcruons are the common indicaton
preentmg to pastic surpeors for relxel of bincar scar

contracture

tugh order of sensory re mnervation (Fig. 125)  The explanation of this may
be the retention of the special end-organs free from damage 1n the full thickness
of the dermus 1n a whole skin graft
Tiicn SPLIT-shis GRAFTS —For very large arcas especially on the dorsum
of the hand 1t 1s preferable to compromuse 1n the thickness of the graft and to0
usc a spht skin graft of about threequarter shin thickness cut with the
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SCAR DISABILITIES OF THE HAND

Fia. 124
Replacement of palmar sear by whole-skim graft
A, Saar about base of thamb ard proximal palm limiting thumb abdoction.
B After scar excision and whole-skin graft (Wolfe) Note relative size and outline of defect,

Cutaneous sensatl fon normal in all
m.u;httmmmm tan'f:nmreap-pmchl were

Fra. 125
Replacernent of a dorsal scar by thick spiht-skin praft

A, Tight scar over the Interphalangeal joint of the thumb,
B Result after wide scar exchion and a thick split-skin graft.
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dermatome (Fig. 126) Thus obviates the necessity for ing a

and the thinner graft has an enhanced prospect ofymkc.gr?ilv\ﬁolci::?;r:jl{s
the chance of a successful take diminishes with increase 1n the size of the erafl,
quite npart from any reason of thickness.

Exactitude of technique patient hzmostasis and a high finesse 1n dressing
are indispensable to elective grafls of this nature 1f the best standards of result
are expected  Without these details, results can only be equnocal Even a
75 per cent take may give a relatively poor result on account of trme lost in

Fra. 1.6
Thick splut-shm graft for dorsal scar replaoenent.

secondary healing and secondary scarning in the fmiled area. Plastic surgery 15
not sound economy unless 1t 1s highly successful in more than an occasional
case

RrrLacoMENT or COMPLICATID SCARS

By complicated  we mean scars which are associated with damage to
other structures, for which scar relief 15 an essential prelude to their successful
repair It also includes o group of cases where scar dissection would expose
deeper structures which though undamaged would provide an unsuitable
base for free grafting.

Scar with Tendon Disability —If 2 tendon 1s not functioning it may have
been scvered or 1t may be fixed n scar tissue.  If severed us ends may be close
together n scar or they may be widely separated by retraction or by actual
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SCAR DISABILITIES OF THE HAND
tendon loss  Both diagnosis and treatment can often be determined only at

operation
The affected area must generally be covered by a shin and fat flap prior

Fo 127
Local rotstion flap In relation to sear excislon and

A, Healed gunshot wound with fractured metacarpel, adherent scac and tendon damage

B, Shows the foxs of extenslon in ning and Uttke fAngers.

G, The result aftcr scar excislon, tendon repalr flap cover as indicated n A All at the one
operation,

o any operation on the tendons. A free graft even if 1t survived would onl
become adherent e ’

A Local FLap if available, makes the procedure an casy one (Fig. 127)
17



SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

Herein les the value of conserving any potentinlly useful soft tissve at pnmany
operations  Filleted flaps from a useless finger or stump may obsmte the
necessity for 2 two-stage operation with cumbersome procedures and poses for
the patient (Fig. 128)

Direct Fraps —If local flaps are not available the scar must be replaced
by a disect flap usually from the abdomen before tendon repair can be carned

Fa, 128

The valwe of a filleted flap from an empotation remeat
A, In addrtion to the finger Josy, a decp adherent scar at
Lhelascoflhcmiddlcﬁ;j;trhmwcmbulndmvdon

B, Scar excition and effecthe tenolyshs are facilitated by the
availability of soft thsue flap from the short ampatation
stomp, Al such mmnnuxhouldb:%r\rdnmmry

out (Figs 129 and 130) This often means a three-stape operation as
follows —

1 Sear Excision and Attachment of the Flap at which time explomtion
of the tendon deficiency can be camed out  Direct flaps should be so
desigmed that all scar 1s excrsed and replaced by the flap at the attachment
operation

2. Detachment of the Flap —After dividing the remaining attachment
to the donor site the resuling raw edge of the flap can now be sutured to
the hand  There s often some low-grade infection and imperfect pnmary
healing of the detached margin  Because of this, small flaps ase sometimes
detached and left open without reduction and setting in untl after secondary
healin,

JE.Sthrqucnl Tendon Repair transplant or graft, as detailed in the next
chapter Tendons, especally as free grafls, arc intolerant of infection so that
174



SCAR DISABILITIES OF THE HAND

Scar with tendoa damage

A.B Wﬂmhﬂﬂﬂlmmﬂm
ary Bclhﬂcxnrandcamsor
tendons to

GD The 'Bul‘ﬂﬁﬂloﬂusaxmplm an abdominal flap, flex
1 B Py or tendon grafl,
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

Heren Lies the value of consenving any potentially useful soft tissue at pnman
operations.  Filleted flaps from a useless finger or stump may obwviate the
necessity for a two-stage operation with cumbersome procedures and poses for
the patient (Fig. 128)

Direct Frars —If local flaps are not available the scar mus® be replaced
by a direet flap usually from the abdomen, before tendon repair can be carned

G 1.8

The valwe of a fileted fap from an smpotation ressast
A, 1n 2ddmon to the finger loss, a deep edheremt scar at
the tase of the middie finger [omits extension and tendon

funchon,

B Scar exernon and effectne tenofyus are facihitated by the

avalibility of sofl tnsue fup from the short ampatation

st All such rermants should be consened at primary
treatment of any sovere myury

out (Figs 129 and 130) This often means a three-stage operation s
follows —

1 Scar Excision and Attachment of the Flap at which tme exploration
of the tendon deficency can be camed out. Direct flaps should be 3o
designed that all scar 1s exaised and replaced by the flap at the attachment
operation

2. Detachment of the Flap —After dwading the remaiming attachment
to the donor site the resulting raw edge of the flap can now be sutured to
the hand There 1s often some low grade infection and mperfect primany
healing of the detached marpin Because of this small flaps are somctimes
detached and Ieft open without reduction and setting in until after secondany
healin
JE-Suhtrqm'nl Tendon Reparr transplant or graft, as detailed 1n the neut
chapter Tendons, especally as free grafis, are intolerant of nfection s0 that
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Foo 129

Scar with tendon damege

A,B One month after a severe compound Ijury  Both flexor and extentor tendons (o
the index finger were divided.

C¢D mmunnmmmamumlmmmmmm
and externor t: repair
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

Hereun Lies the value of conserving any potentially useful soft ussue at primary
operations.  Filleted flaps from a usecless finger or stump may obvimte the
necessity for a two-stage operation with cumbersome procedures and poses for
the patient (Fig. 128)

Direct Frars —If local flaps are not available the scar must be replaced
by a direct flap usually from the abdomen before tendon reparr can be carned

Fia 128

The valoe of a filleted fap from an ampatstion remmant
A In addition to the finger jotx, a decp adberent scar at
the base of the middic finger lkmits extenston and tendon

function,
B, Scar excision and effective (enolysis are facilitated by the
availability of soft tissue flap from the short amputstion

out {Figs 129 and 130) This often means a three stage operation 8
follows —

| Sear Excision and Attachment of the Flap at which time exploration
of the tendon defictency can be carried out. Direct flaps should be so
designed that all scar 1s excised and replaced by the flap at the stiachment
operation.

2. Detachment of the Flap —After dwiding the remaiming attachment
to the donor site the resulting raw edge of the flap can now be sutured to
the hand There 1s often some low grade infection and Imperfect pnmary
healing of the detached margin  Because of this, small flaps are sometimes
detached and left open without reduction and setting tn until after secondary
healin
SB'Subxcquent Tendon Repair transplant or graft, as detailed in the nest
chapter Tendons, especially as free grafts, are intolerant of infechion so that
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SCAR DISABILITIES OF THE HAND

Fua. 129

Scar with tendon damege

A, B One month after a severe compound In| Both flexor and extensor tendons to
lf:h)dcxﬂngcrj:grdlvided.

Go Themnlﬂtrsdlmgrepmmbga;n-bdauhmlﬂap.ﬂcmfmndonmﬁ,
and extenisor ten repatr
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

their reparr 15 generally better left for o separnte operation when primary healing
can be reasonably guaranteed A short safety period 1s always preferable to
premature interference and failure, as the chances of success diminish with
repetition of procedure

Scar with Tendon and Bone Dhability —The effects of sepsis are not so
unrversally disastrous 1n relation to cancellous bone grafts as they are with

Fa 130

Sear replacernent by an abdoima) flap
A Scar dability three months after destructive injury by & shell spllater  The scar was adherent
B to bone stumps, fixing tendons and inducing finger deformities.
C D Deformlty corrected and full function restored to the hand remnant by radwcal scar excislon,
ormity bone trimming, tenolysks, and abdominal flap.
ourteen ths alter the fla h all forms of fon wero present oner
5: :uurenc?r:‘umn area, Lﬁt touch {von Frey 0) Tactile localisation was the umeﬂu t:n
the abdomen but inferlor to counterpart hand area § 1 cm. ALl arcas were smsithe (0
pinprick but variable. Temperzture lpw:adgkwﬂ?m}ym:de. Sweating actively present on
the w p

tendon grafts  Thus where scar excision 1s done 1n relation to a bone defect
the bone graft 1s somctimes carried out at the same operation as the fla);
attachment  This type of procedure has particular apphcation to mjuries o
the dorsum of the hand with extensor tendon and metacarpal loss (Fig. 131)
Antibiotics permit of more hiberty than we were prepared for in the past With
the bone loss corrected and the flap 1n place tendon repairs are done at a
subsequent procedure  Tendons can be run through the fat substance of a
flap 1n a plene free from scar or bony callus.
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SCAR DISABILITIES OF THE HAND

Tendon and bone repairs are not often done at the same time as their
after treatment 1s converse. Mechanical fixation of bone grafts, however, opens
new possibilities 1 ths regard

Fro 131
Scar disablllty complicated by tewdon and bony damage
A, Six weeks after a machune bulict wound. There fs extensive soft tissue loss,
bono loss, &y In D and lots of all extensor tendons.
B, The recently healed wound.
C, An abdominal flap attached a1 the sme operation as bone grafting of the
metacarpals to corredt posture and stabilise the hand.
D E, X rays—before and afier the cancellous bone grafts.
F The plan of extensor tendon grafis—palmarks and cxtemors of the toes were used.
G H The conditlon eight months after tendon grafting.

Scar with Nerve Disability —This presents the climeal problem of

“ painful scar  and the technical problem of repairing nerve lesions in scarred
areas

12 177



SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

their repair s generally better left for a separate operation when pnmary healing
can be reasonably guaranteed A short safety period 15 always preferable to
premature interference and failure, as the chances of success dimimish with
repetition of procedure,

Scar with Tendon and Bone Disability —The cffects of sepsis are not so
umversally disastrous 1n relation to cancellous bone grafts as they are with

A B Scar disabillty three months afier destructive infury by a shell splinter  The scar was adherent
gbomuunms.ﬂxhutmdommdhduangﬂnwddmnhh
C.D Deformity corrected and full functron restored to the hand remmant by radical scar exchion,
bone trimming, tenolysh, and abdominal flap

Fourteen months after the flap detachment all forms of cutancous sensathon were present over

the entire cutaocous area, t touch (von Frey 0) Tn*c_xll'kloau‘:auﬂmwx‘gnnr;?g

the abdomen but inferior to counterpart hand srea o arcas semit

pb"rpﬂfk. but variabke. Temperature lpp:'l:chlhe Ugg;g:on}yaude Sweating actively present on
» p

tendon grafts  Thus where scar excision 1s done in relation to a bone defect
the bone graft 13 sometimes carried out at the same operation as the flap
attachment This type of procedure has particular application to inunes of
the dorsum of the hand wath extensor tendon and metacarpal loss (Fig. 131)
Antibiotics permit of more Iiberty than we were prepared for in the past.  With
the bone loss corrected and the flap n place tendon repairs are done at 2
subsequent procedure Tendons can be run through the fat substance of s
flap 1n a plane free from scar or bony callus.
176



CHAPTER XIlI

SECONDARY REPAIR OF DEEP STRUCTURES

ECONDARY procedures may be required eiher because they wers
Spostponcd at the pnmary operation for reasons of expediency or because

they could not have been successfully carried out at that time.

The first group includes the ‘tidy mjunies where the deep structures
should have been primanly repaired if all the ctena elaborated m Chapter VII
could have been satisfied  3f however, the delay 1o watiation of treatment
was prolonged if the patient s general condition was unsatisfactory or if the
necessary equipment and personnel were not available at the hme then delay
{n the repair of deeper structures may have been obhgatory In such cases we
woukd expect the skin to have been well repased pumanly  There will be a
mimmum of scarning, and the time lag before the secondary operation will be
as short as 13 compatible with sound shin healing, softening of the resulting
scar and recovery of a full range of pasuve joint movement. This period 18
usually about four to yx weeks,

The second group mncludes the  untidy  inyunes where repair of deeper
structures has of necessity been delayed  Prionty will have been given at the
primary opetation 1o surface repmir  Here there may be loss of substance of
the deep structures 10 mangling, avulsing and gouging mjuries, which could
not be made good at the primary operation

To whichever of these two groups any particular case belongs 1t can now
be considered to have reached the stage for secondary repair etther directly or
indicectly through tntermedinte treatment demgned to bning the genernl state
of the hand and fts joints to a fit state for operative repar It must not be
assumed that such a state can be reached m any particular time nor indeed that
1t can be reached at alf for the worse the pnmary injury and the older the
pattent the longer the penod required for scar resolution and the more snsoluble
the problems of wtermedinte treatment.  Indeed, there will be some cases
particularly 1n those past muddle age or where bone and joint damage were
extensive where the requisite conditions for secondary repalr are never reached
and the only decision to be made 13 whether to retain or to amputate a useless
member  The deep structures which may need to be secondanly repaired are
tendons nerves bones and jounts,

FLEAOR TENDONS
EARLY SECONDARY REPAIR

In the fint two or three weeks after & tendon myury although the cut end
1 retracied  shonkage of the tendon is usually not yet advanced sufficiently to
prevent the tendon being drawn down and’ sutured directly  In the lower
forearm wrist and palm this will be the procedure of choice in all cases where

for some reason prmary repasr has not been done
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

Scars may be painful when cutancous nerves bereft of their normal soft
ussue covering adhere to the scarred areas  The damaged nerves show vanous
degrees and types of neuroma formation  Scars are especially pamnful in highly
sensitive areas such as the finger tip, when normal soft tissue padding 1s absent
and scars are adherent to bone

There 15 & great range 1n the order of symptoms presented by patients with
“ pamful scars  These are frequently unrelated to anatomical findings. They
cal! for careful assessment and management.  Much vigilance and trickery are
required not so much to detect the classical malingerer for he is rarely seen,
but rather to assess the wide range of cause between anatomcal lesions and
psychie factors It s a field of psychosomatic surgery and if every case 15 not
approached with the utmost caution, operations on paimnful scars will often be
meddlesome and aggravating. Nevertheless there 1s perhaps a tendency to-day
for over-emphasts of psychuc factors, so that we ofien see a frankly anatomical
basis for exqusitely painful scars overlooked There is no better example of
this than that of digital nerve ends adherent 1n the terminal scars of finger
stumps They may cause compl { disabf on account of
excruciating tenderness  The accurate localisation of these trigger areas is the
clue  Resection of the nerve ends clear of the scarred area has often eamned the
gratitude of patients branded as neurotic

To prevent recurrence of the physical basis of pamful scar a soft tissue
pad should be provided over any region of nerve section neurolysis or nenve
suture  In a few cases a local flap will fulfil these indications but usually
a direct flap 1s indicated  This 1s generally done at the same operation, but
where extensive bridging of nerve defects 1s required by grafls or transplants,
a bass of fat 1s desirable to give such a venture the best chance of success,
Thus means that the nerve operation should follow the soft tissue correction.




SECONDARY REPAIR OF DEEP STRUCTURES

is essential to avoud any interference to the sublimus tendon 1n the proximal half
of th;::n'ﬁvc:;]%::ri'ltly however the proximal tendon end will have retracted through
the sublimus tunnel to the base of the finger Ifit can be gently threaded througél;
the tunnel without damage to the sublimus tendon direct repair can be ﬁlm

out, but if the tendon end 1s swollen and the tunnel narrowed 1t 1s usua yé‘mt
possible to achieve this result without undue mampulation and some tendon

Fia. 133
Clesed avulsion of the fiexor profondes
A, The main of bone attached to the tendon

can be seen at the proximal end of the finger  In this case
there b rather more bony disruption than umml with
sublxation of the foint and mali

iple omll bone
frlg‘:numbeutn the line of the tendon sheath.
B exot proflundus was re-attached (o tho terminal
phakint by & removabke wire suture tied dorsally over

damage. Under these circumstances the procedure should be immediately
abandoned and a frec tendon graft using the palmans longus tendon should be
substituted for the profundus tendon which 1s withdrawn through an incision
n the proumal palm  This free graft, being thin on section can usually be
threaded through the sublimus bifurcation without difficulty and the results
of this procedure are excellent

The technical details of tendon grafung are as set out later (page 186)
except that n this case the undamaged sublimus tendon 1s left intact.

Closed Avalsion of the Flexor Profundus from Its Insertion (Fig. 133)—
This mjury i our expenience almost confined to footballers results when
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In the region between the metacarpo-phalangeal joint proximally and the
flexor digitorum sublimus nsertion distally direct flexor tendon repair 1s
unlikely to be effective for the same reasons as sct out on pages 108 and 109
and a flexor tendon graft should be carried out by the technique described
later on page 186

Infuries of the Profundis Tendon Alene —In the finger the flexor diptorum
profundus 1s frequently severed without a corresponding injury to the sublmus
tendon or with only a partial sublmus injury  This may occur at any point
beyond the commencement of the bifurcation of the flexor digitorum sublimus
over the proximal phalanx.

The problems of secondary repair vary according to the point of injury

1 If the tendon has been divided in the proximal half of the finger there
has generally been some damage to the sublmus tendon short of complete

Fa 132

Secondary direct repair of flexer dighorrm profundes to the ring finger I the palm
Both tendom to the ring finger had been severed [n the palm snd no primary repair had been carried
out. Prior to operation there were a few degrees only of active fienon at the prodmal feser
phalangeal foint. At the cut ends of both tendoms were found embedded In a mass of
scar  After resection of the soblimbs tendon and secondary direct repair of the profundus tendon
a full range of finger movement resulted.

dviston. The extent of this damage 1s not evident until surgical exploration
1s carned out, for even a few strands of mtact tendon may prevent the cut ends
of sublimus from retracting until union occurs and a varying degree of sublimus
function may be present

At exploration there 1s usually no tunnel through the subhimus to be found
but only 8 mixed mass of scar and tendon  There 1s no prospect of successfully
re-cstablishing the sublimus tunnel and threading a free tendon graft through
1t to replace the profundus tendon. In this situation therefore 1f the existing
sublimus action on the proximal interphalangeal joint s strong and nearly
complete, 1t 1s best to make no attempt to restore the flexor profundus achon
but rather to stabilise the end yoint in a position of parual flexion  This can be
effected etther by tenodesis (page 195) or by arthrodesis (Fig 164)

2. If the point of mjury to the profundus tendon is close to fis inscrtion,
1t will often be found at early secondary exploration that the proximal end has
been prevented by its vinculum from retracting through the subhimus tunnel
Direct suture can and should be done after resection of the tendon sheath It
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18 essential to avoid any Interference to the sublimus tendon 1n the proximal half
of the finger

Frequently however the proximal tendon end will have retracted through
the sublimus tunnel to the base of the finger  Ifit can be gently threaded through
the tunnel without damage to the sublimus tendon direct repair can be carred
out but if the tendon end s swollen and the tunnel narrowed 1t 13 usually not
possible to achieve this result without undue mampulation and some tendon

damage. Under these circumstances the
procedure should be immedsatel
nbgndon:g and a free tendon graft using the palmans longus tendon should bc):’
su ?)::lm for the profundus tendon which s withdrawn through an incision
:;:r;ndc[éro;mml}?alm Thus free graft being thin on section can usually be
through the sublimus bifurcation without difficulty and the results
of lh;_sh procedure are excellent
e technienl details of tendon
grafting are as set out lat
mccpcl];h’:‘; in this case the undamaged sublimus tendon is left mt:racipﬂgc 189
i e Avulsion of the Flexor Profundus from its Insertion (Fig. 133)—
njury n our experience almost confined to footballers results when
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the opponent s jersey i1s tomn from the clutching hand at high speed  The
tendon fibres may be torn or more commonly a shield shaped fragment of
bone comes away with the tendon and the powerful muscle contraction at the
moment of avulsion pulls the tendon end nght through the sublimus bifurcation
mto the base of the finger Pain and swelling of the finger loss of flexion of
the distal joint, and tenderness along the line of the tendon sheath are the
chnucal features. Even at early operation the degree of tearing of the tendon
end or the jammmg of tendon and attached bone fragments 1n the provimal
half of the finger may indicate its complete removal and replacement by a free

Fia. 134
The varying degree of embarrayanent to the fumction of the flexor subilmis after section of the

roftmdos tendon Jn the floger
The profundus tendon to litthe cut the proximal nterphalangea At
&ﬂcwrmhlh:’kmngh} mm'mﬂdmmmﬁ’mmmm
mdwdmmﬂwml—éwdlum Soch cases should be treated as If both
tendons were cut and shoald bo sul to secondary tendon graft after excition of both tendomt.
B The profundus tendon to the middle was cut more dbtally and in thh case there was no
Wlokm%o{hm mlnTmlblgﬁmﬂgm
F\ngﬁdon.b:na}:gt pnnh!ﬂ:xbnmbelhebenlolu;‘fx:?

graft of palmans longus leaving the undamaged sublimus tendon mtact In
this case the graft will need to be attached to the distal phalanx by wire sutures
threaded through dnill holes in the bone.

DELAYED SECONDARY REPAIR

When secondary repair of flexor tendon imjures 1s delayed for any reason
beyond the first few wecks exploration will generally reveal that the proximal
tendon ends are both retracted and contracted and there 1s no possibility of
direct repair without undue tension, 1f at all

In the Forearm above the wrnst some degree of tension and an exaggerated
flexion position of the wrist can be accepted m the repair and can subsequently
be corrected by slow traction after tendon union 1s formed In the hand,
however direct repair 15 usually out of the question under these circumstanees.

In the Palm the best procedure 15 probably to drvide the subhimus tendon
to an adjacent finger at a switable level and transpose this on to the distal end
of the severed profundus tendon provided this still moves freely in the finger



Fro. 138

Tendom tramsplant 10 restore thumb Aexion
A Shows fired adduction deformity from scar fhatson at the base of thumb and therar eminence,
with no active flexion at the end joint,
B, The mproved ra flhurrvbnbducdonnﬁcrdq:nrdkmbmnchbnofﬂn:drtrem
mhlufdtcﬂcwmﬂh:lou;mlnd rearrangement of the skin scar
CDSbavU\:mnscofncu\ehnkm-nbemdpinl 1 the cxtensor digll
communis to the index finger across the thumb web, throogh a pulley formed by retalniog a
efu:fkv.orma(hmrrlbemumlpmhnglot:-ludwddbuﬂymthemmpor
he poII longins pear its insertion Free tendon graft to the flexor pollichs was In this
Mmdbylbemcntonhedccpmn{nn(lhcb:seorlbuhumb.
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SURGERY OF REPAIR AS APPLIED TO HAND INJURILS

If the tendons are adherent to the digital thecn then a free tendon grafl to
flexor digitorum profundus from proxumal palm to insertion will be the best
procedure

In the Finger between metacarpo-phalangeal joint and insertion of fevor
sublimus, a free tendon graft will always be the operatton of choice irrespecine
of the ime interval that has elapsed.

Injurles of the Profundus Tendon Alone —In these cases tendon retraction,
fibrosis and obliteration of the sublimus tunnel will preclude direct reparr at
any level if exploration 1s delayed beyond the ficst two or three weeks, and three
courses are then open to the surgeon —

1 If there is a good range of proximal interphalangeal joint flexion and
the patient 1s not greatly concerned with the mnability to flex the end Jomt
the finger may be left alone

2. If there 15 a range of 90 degrees or better 1n the proximal interphalangeal
Jomnt and the patient requires stability m the end joint, this can be provided
by tenodesis (p 195) if there 1s a sufficiently long distal profundus stump or
by arthrodesis of the end jomnt (Fig. 164)

3 If the range of active flexton of the proximal joint 1s less than 90 degrees
and a sufficient lapse of time has occurred to make further improvement
unlikely 1t will usually be best to sacrifice this meffective movement provided
the finger arﬁ s passive joint range are otherwise satisfactory and to cam
out a free tendon graft (p 186) after resection of both tendons

COMPLICATED SECONDARY REPAIR

Tendon myuries complicated by loss of length from avulston or mangling
type of injury can be dealt with by free tendon graft or tendon transplant
(Fig. 135)

When tendons are deprived of therr actwvating units by destruction of
their muscle bellies, transposition of neighbouning muscle tendon units preferably
with a simidar action and nerve supply 1s the only procedure possible

In very extenstve injunes where no neighbounng units are avatlable it
may be necessary to transpose tendons from the dorsal to the volar aspect
The problem then 1s similar to that where motor umts to the fingers are
mactivated by irreparable nerve injuries or failed nerve reparrs.

FaiLED TENDON REPAIR

Cases of fatled tendon repair are always dufficult problems and often cannot
be brought to a fit state for further attempt at restoration of function because
of the extent of the scarring and the degree of jomnt fixation  There are four
alternatives to constder —

I Tenolysis (Fig. 136) This procedure has a limited place in cases where
adhesion of a very localsad nature 1s restricting the * pull through ™ of an
otherwise satisfactonly repaired tendon It may also restore full function on
oceastons when cross-union of partly damaged tendons has occurred in the
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ed locally m this way the
tm When the sublimus and profundus are jorn
gcarnoval of the sublimus followed by carly active usc of the finger can be
flective.

compOccasktelyl:nally tenolysis can also be very useful after flexor tendon grafting
If effective movement 1s prevented by filmy adhesions of the tendon to its

thickened paratenon and to the remaining pulley system

Fro 136
A B Show tho range of movement in the Hitle fimger one week afier tenolysh following
)

the littie finger three months previowusly where there was no interphalangeal

tendon gralt t
at all preoperatively
G D

the
e e o of e vemor ToRntg desution o e, poley sy

The best time for this 15 about three months after operation if there is no
evidence of steady improvement in function at this tme It should be regarded
as an extremely delicate procedure of no less magnitude than the onginal tendon
gmft. It ts carned out by gentle dissection with fine scissors under drrect
viston. Great care must be taken of the pulleys and the surface of the tendon
must not be damaged dunng the process. There 15 no place for blind tendon

stnpping  with any of the instruments devised for this purpose, and the best

results are achieved where the adhesions are thin and Iimited 1n extent
Increasing expenience with this procedure in selected cases has produced
useful improvement in many cases and has sometimes turned 2 poor result
into an excellent one

Tenolysis has no place, however, where ngid adhesion between repaired
tendon and surroundings extends over a wide area and where the tendon 1s
incorporated i a thick mass of surrounding scar It is equally ineffectine
when the passive joint range is grossly restricted

2. Where tenolysis 15 not practicable, the only chance of restoring function
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lies 1n a preliminary complete excision of the adherent tendons, followed later
by a free tendon graft if and when scar resolution and restoration of passne
Jomnt mobihity make further operation practicable It 1s probably best to limit
such procedures to young patients where the prospects of improving passne
Jomnt mnge are good

3 1F unsuitable for tenolysis or further tendon repair the affected finger
even though unable to be actively flexed at the interphalangeal joints, may suil
be of use to the hand and many patients particularly women will refuse to
part with it. Where more than one finger 1s affected the 1mportance of
retaning even shff fingers increases

4 Amputation will usually be advised for single finger ijunes where
failed tendon repair offers no further prospects of improvement and the stff
finger embarrasses the function of the hand Most working patients will
request tt after a short period of trial even if they reject the advice inttially

SOME SPECIAL FEATURES OF SECONDARY
MANAGEMENT OF TENDON INJURY

Some attention must now be given to certain special technical or reponal
problems
FLEXOR TENDON GRAFTING !

Incisions and Exposure of the Operating Field —The advantages of raising
a flap and so isolating any area of deep repair from the regtons of superficial
closure arc well known Application of this

K\( principle to a finger to give a sufficiently rmdical
( - exposure of the flexor tendon system and to
Q:i/ permit of atraumatic and prectse mancuvres

conducive to success with the flexor tendon grafting
flap approach operation 18 niot so genernlly appreciated A sk

s ™ and fat flap based on one side of the finger can
i be raised with safety provided the proper care of
\&w<) design  handling and after treatment are apphed

he
oT goop (Fig. 137} This gives a far better access 101
GOODFKL :;7 © flexor system in the finger than does eithera lutmlﬂ
Inchsk " or antero-lateral incision and retraction It
2; on the m::?a the e'x::‘;-: permuts of full appreciation of the local conditions,
pecestary for & free “::"‘ mat nrecise removal of tendon remnants, PLO;I]'
Note the relavon to neuro-
resection of flexor sheath and fixing of the di
ascular common];
e lal:‘v?lnzdgkonn:hkhd«:{ Junction of the graft. 1t should be notcd't}mt the
much ferior e son.*  mamn Ine of incision 1s along the neutral line on
maeated for the side of the finger—a linc which joins the
extreme side Iimits of the transverse interphalangeal creases when the finger 18
flexed The distal imut of the flap 1s sufficiently beyond the distal interphalangeal
crense to permit of clear exposure of the insertion of the profundus tendon

Rank, B. K. & Wakcfield, A R (1952). Brit J play Swr 4 224
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SECONDARY REPAIR OF DEEP STRUCTURES

roximal limit of the flap varies in the case of the index and little fingers
;I'r:;pthnt in the case of the middle and rmg fingers. The lttle and 1adex
fingers most commonly suffer flexor tendon ijunes and fortunately; in these
fingers the Iateral incision can be carried proximally on the latera lm“"g""
of the palm to the line of the distal palmar crease gnd the proxima margu}
of the flap 1s made 1 this Iine 1n cach case. This gives a good exposure o
the proximal end of the digital theea
proper resection of which we regard
as an important factor n the out
come. In the case of the middle
and ning fingers the flap should not
be prolonged into the palm so that
it may be necessary to make a sepa
rate small transverse mcsion m the
distal palmar region for access to
the proximal region of the digital
theca 1n the case of these two
fingers (Fig 138)

The lateral margin of the flap is Fro. 136
behind the digital nerve. The flap i aog it fnpers—the long flap
is cut thin at ts edge so that it s ng 4 provmal palmar incision full access to
actually raised anterior to the digital  the region for a tendou graft  In the cuse of the
nerve after which 1t 18 made to o the pal
include all the tissue bulk 1n front required In the distal paim.
of the digital theca

The other necessary incisions include (1) a transverse incision i the
proximal palm to expose the flexor systems at the region of onigin of the lumbrical
muscle (2) a long vertical incimon proximal to the wrist for exposure and
careful removal of the palmans longus tendon which we favour as donor source
for the graft whenever 1t 1s present  In the case of the thumb flexor only the
digtal flap and wnst jncision are generally required

Radical Resection of the Flevor Digital Sheath and Clearing of Damaged
Tendons —We have found that results of fiexor tendon grafts have been best
when as much as possible of the flexor sheath has been cleanly resected  This
espeenlly applies to any area of damage and to the thick proximal poruon
of the digital theca which extends into the distal palm. It is our practice to
leave only two bands of sheath one over each of the proximal two phalanges
to prevent anteror prolapse of the graft (Fig 139 a) Should these
correspond to a region of damage, as the proxsmal loop frequently does—even
this 13 resected and a retaiming loop reconstructed by a prece of the donor tendon
complete with 1ts paratenon  Thus is looped around the phalanx or else sutured
to each side of 1t If the second loop cannot be retained no counterpart for
thus is generally made. It seems that if the proximal retmning loop s too far
distal on the first phalanx some degree of prolapse of the graft across the
metacarpo-phalangeal joint occurs during flexion  This detracts from the full
ranee of movement and the loop 15 best sited, therefore, towards the base of
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

Ires 10 a preliminary complete excision of the adherent tendons, followed later
by a free tendon graft if and when scar resolution and restoration of passne
jomt mobility make further operation practicable It is probably best to Limu
such procedures to young patients where the prospects of improving passive
Joint range are good

3 If unsuitable for tenolysis or further tendon repaur the affected finger
even though unable to be actively flexed at the interphalangeal joints may still
be of use to the hand and many patients, particularly women will refuse to
part with 1t Where more than one finger s affected the importance of
retaining even st fingers increases.

4 Amputation will usually be advised for single finger injuries where
failed tendon repair offers no further prospects of improvement and the suff
finger embarrasses the function of the hand Most working patients will
request 1t afier a short period of tnal even if they reject the advice imitally

SOME SPECIAL FEATURES OF SECONDARY
MANAGEMENT OF TENDON INJURY
Some attention must now be given to certamn specral technreal or regional
problems
FLEXOR TENDON GRAFTING !
Tncisions and Expasure of the Operating Flcld —The advantapes of raising

a flap and so 1solating any area of decp repair from the regions of superficial
closure are well known Application of ths

q_‘—’ prnaple to a finger to pve a sufficiently mdwal
< exposure of the flexor tendon system and to
q:i/- permit of atrmumatic and precisc manauvres

conducive to success with the flexor tendon grafting
flap approach operation 1s ot 5o generally appreciated A shin

and fat flap based on onc side of the finger can
L] be raised with safety provided the proper care of
@ design  handhing and after freatment are appll;d
(Fig. 137) This gives a far betier access to the
GOODF'O lb:.,oT Goob flexor systcnhllm t}lu: finger than dgcs::;c;?ol‘am?:
Joncish 5 or antero-lateral rcimion  ani
E:m the ﬂ:’:}?u the n:i: permits of full apprecration of the focal conditions,
eceary for a free femdon Al preciee removal of tendon remnants  propet
Nnote the rrisuon to the neur>  resection of flexor sheath and fixing of the distal
eral 1ncrsion which gnes a  junction of the graft It should be noted that the
much nfenor expowre 8 Ao main Iine of maision ts along the neutral Iine on
the side of the finger—a lne which jons the
extreme side limuts of the transverse mtcrphalangeal creases when the finger 15
flexed The distal Irmit of the flap 1s sufficrently beyond the distal interphatangeal
crease to permut of clear exposure of the insertion of the profundus tendon

Fank B R & Walefickd, A R. 1952y Bru J phot Swp 4 24
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The proximal Iimit of the flap vanes in the case of the index and little fingers
frompthat n the case of the middle and ring fingers The httle and index
fingers most commonly suffer flexor tendon injuries, and fortunately n these
fingers the Interal mcision can be carried proximally on the lateral margins
of the palm to the line of the distal palmar crease and the proximal margin
of the flap 1s made 1n this Iine tn cach case. This gives a good exposure of
the proximal end of the digital theca
proper rescction of which we regard
as an important factor n the out
come In the case of the muddle
and ning fingers the flap should not
be prolonged into the palm o that
1t may be necessary to make a sepa
rate small transverse incision 1n the
distal palmar region for access to
the proximal region of the digital
thecn 1n the case of these two
fingers (Fig. 138)

The lateral margin of the flap 1s
behind the digutal nerve. The flap ooy aod lie fingers—the foog fap
1s cut thin at this edge so that 1t 1S und & proximal pakmar incision full nccess to
actually raised anterior to the digital  the
nerve after which 1t 18 made to g the a
include all the tissue bulk 1n front required in the dista! patm.
of the digtal theca

The other necessary incistons mclude (1) a transverse nciston i the
proximal palm to expose the flexor systems at the region of onigin of the lumbncal
muscle, (2) a long vertical mnciston proximal to the wnst for exposure and
careful removal of the palmars Jongus tendon which we favour as donor source
for the graft whenever it 1s present  In the case of the thumb flexor only the
digital flap and wnst incision are generally required

Radical Resection of the Flexor Digltal Sheath and Clearing of Damaged
Tendons —We have found that results of flexor tendon grafts have been best
when as much as possible of the flexor sheath has been cleanly resected  This
especaally applies to any area of damage and to the thick proximal portton
of the digital theca which extends into the distal palm It 13 our practice to
leave only two bands of sheath one over each of the proximal two phalanges
to prevent anterior prolapse of the graft (Fig. 139 A) Should these
correspond to a region of damage, as the proximal loop frequently does—even
thus 18 resected and a retarming loop reconstructed by a picee of the donor tendon
complete with 1ts paratenon  This 15 looped around the phalanx or else sutured
to each side of st If the second loop cannot be retamed no counterpart for
this is generally made. It seems that 1f the proxunal retatnng loop is too far
distal on the first phalanx some degree of prolapse of the graft across the
metacarpo-phalangeal joint occurs during fleon  This detracts from the full
range of movement, and the loop 13 best sited, therefore towards the base of
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the finger The cemoval of the tendon remnants ¢an be difficult at the base
of the fingt? and m the metacal halangeat reglon 1t should be donc
carefully and under vision ' though this means addional meisions fot
adequatc exposure glind &nd forceful stnpping of adherent tendons and the
use of spectal smsteuments for the Pupose can do much harm to ther
curroundings and 18 usually incomplete

Grest care should be taken the removal of the 1endons {rom the front

1
sheath and 1he fiores of tnseriion of the sublimus " e
dystressing - n:cunmum" deformuty which 18 ussocwlcd wath many ©
dpappointing cesults of Bexor (erdlon gralts
18



SECONDARY REPAJR OF DEEP STRUCTURES

The Cholce of the Graft —Of the many potental donar tendons for this
operatton we strongly favour the palmans longus tendon.? It best satisfies
two main considerations, It has a thin cross-section and so survives more
casfly as a live graft and, of even more :mportance, 1t €an be ensily removed
and transferred complete wath its well-developed paratenon

The extensor longus tendon to the second toe1s regarded as 8 second donor
chotce i the eagly and clmically demonstrable absence of the palmans longus
A long wncision on the foot involves longer recumbency and hospitahsation
The plantans tendon 15 converuently long and thin, but there 18 no means of
predetermining 1ts presence, nor has it such a well-developed paratenon
arrangement.  The flexor digitorum sublims tendons have no paratenon and
m adults are generally too thick.
Qur best retulis using o sublimus
tendon are not to be compared with
those where the palmans longus
tendon has been used as the graft
To choose deliberately some other
donor tendon when the palmans 18
present 1s not only ilogcal from the
pomt of view of convenience, but
ignores the impostant ponciples
which are fundamental to the success
of the procedure.

The Jmportance of Paratenon —
The most moblle grafts are those Fro. 140
transferred with an intact paratenon 1 o of fhe primars bugs teaden wih Rs
The degree of excursion of a palmans Oue of the ead
tendon graft through its paratenon  h k removed m“?ﬁu?utmh lx?gmum“m.m
can be well demonstrated when the 10 keep the graft and it peraieson covered to
gmft 1z 0 place The pamtenon oo deckecation. oo very quickly
rapidly adheres to sts surroundings

In the absence of paratenon a tendon graft becomes adh
erent to surround
soft tissues and can only act by pulling on them  Because of the lmpom;noi
gl‘ (pt(l;mcng\ to sucﬁss the donor tendon must never be strpped  or dragged
ut through o small wcision  The

ohvioms (o 40 necessity for a Jong forearm incision 18

Furthermore 1t 15 important 1o see thal

t the tenon

g%ulc:nma-fnshmn to one end of the graft when it xsp?nmsc:tncd “x‘s “:o;cgn:iwwn
The pam(mhon should be carefully drawn slecve-like to the proximal junction

over the distal smtesphalangeal jomt.  Adbesmons at these ponts wall

"Inachmcr mneyaf |,
sl ey mmwamm!mmwmhmmkmuwrﬂmm

Tongut ndon —
Ifder—mwdm‘:swmlmbothm::h
696 per cent. the
rolm:; on the Jef1 sido only i 7 per cent. Bothmwtr:"lbitmr?!l;?p:‘gn%
mummwmw:irm:bm‘?“m”mm“ on the right slde only in
oot o 2 per cont.  Both tendons were absent in 19 2

189
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otherwise abort the through pull of the graft for a tendon expends its traction
effect at 1ts most proximal point of fixation or wnsertion
Of recent years some
doubt has been thrown
on the importance of
p;]lralcnon m relatton to
thts procedure, and man
3‘;::“{":"[‘:‘“ excellent results have bccryx
relation to obtamed by surgeons who
Interphalangeal et only the wvisceral
Joint layer of the paratenon
Although it would seem
not to be as important to
sucCcess as was previously
believed it is nevertheless
jprction @ fact that most of our
of graft best and quickest results
e have been obtained using
/ the method described. For
the ume betnp therefore
an open mind should be
Lept on this matter until
more evidence 1s available
to determine whether an abundance of paratenon on the graft 1s in fact
benefictal of no particular value or even perhaps 1n some cases detrimental

Retalned loops
of digital theca

Poss line of Lumbrical muscle
sutured over

Fia. 141
mpmdnmm:ﬁrxmmdmmnm

Fua. 147

The effect of placiag the dista] graft jusction too far proximally
Thrs was an early casc of fevor kndon graft where a longer
stump of the profundus tendon was keft and where adhevion

t the t nal suture point prevented wndependent fleuon
* e at the end jomt

Fra 143

The mecthod of fixieg the distal end of the tendon graft (o bome .lrd "~
Tor this a wire stitch 18 used which tansfiues the fermuna) phalans and p h«elna
cutancous the dorsum through a scparate morvon. This procedure k& used only »

vy on stump of the profundus tendon can be retamed,
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SECONDARY REPAIR OF DEEP STRUCTURES

The Junctions of (e Gralt—(1) The Distal Anastamosis —We have found
it most simple and effective to fix the graft to a very short stump of profundus
tendon at a potnt just distal to the distal interphalangeal joint (Fig. 141)

If e longer stump of profundus tendon 1s left, the adhesion point 1s
proximal to this joint so that its independent active flexion 1s Jost (Fig. 142)

o

The tse of the lembrical armcle to oreris,
/l;, mmml tendon suture co;pl:(;“h] et foecton
t in the tendon B bul fleshy

mmmnhﬁbmﬁgmmnwhdm
g;(hls pomnt Is appreciated 1t 15 unnecessary to go to the extreme of attaching
dlqulmygumnc (g‘lpr lélS) Thus raises unnecessary extra technical

undestrable added tmuma to th
ginal interphalangeal joint  There are defimite hazards to :mmnsigi]:znfl‘ :56
xsmzzp)nl-;:;]nn; n Ithc/\:ry hmited space between joint structures and nal bcde
te Proxintal Anastoniogls —This should be deep 1n the palm cl
the sitc of ongmn of the lumbncal muscle By sutunng this l:am:;lcrzfs;lz
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around the graft junction the only adhesion at this point s to a mobsle
structure (Fig. 144) It 1s a common mustake for the proumal junction of the
graft to be sited too far distally 1n the palm where it 1s hable to adhesion to
skin or other relatively nigid structures  This renders the whole purpase of
the operation vord

Fra. 145

The method of fixmg the finger m exaggerated ficwon whike
the proxhmal suture of the tendon graft s completed.

The Tenslon of the Graft —The object 1s to restore the finger to its normal
posture when a graft is finally sutured in place. This means 1n a degree of
flexton which increases from the index to the hittle finger  Moreoser the finger
should maintain 1ts normal posture change and relationship to neighbouring
fingers as the wrist 1s passively flexed or extended To achieve this it 18 our
practice having fixed the distal end of the graft and closed the finger iciston
1o heep the finger 1n an exaggenated degree of flexion (Fig. 145) while carmyng
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Fra. 146

“The fimal position In which hand and fingers are Inuobilised
fallowing flexor tendon repalr

mnnpnmﬁmdh\ﬂrpodllonufmiLundndeUmuj
tendon lon is then obtained by i wrist flexion.

Fra. 147
B:‘T‘“mhummlommhm
tendons had been divided over the prodmal phalanx
mary treatment consisted only of careful skin suture.
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out the proximal anastomosis mn the palm wound aided by a traction suture
1n the profundus tendon The anastomosts can then be done without slack
and without strain  Release of the exaggerated finger posture then usually
leaves the finger 1n normal posture and tension as can be both seen and felt
It 1s better to hnve the graft too tense than too slack  Finesse in this maneusre

Fio 148

Rewlt of sccondary ficxor teodon grafl at different stages after speration

A, Prior to operation.  Both tendons had been cut over the proximal
phalant and only the 1km repaired primarity

B, C The range of movement six mecks afier tendon graft.
D E. F The fmal result erght months later

which 1s by far the most tedious and difficult of the whole procedure can only
be developed by expenence

The Post-operative N post-opcrative care of tendon
grafts differs in no co direct reparr of tendons. The
prnnaples « Jy in Chapter VII
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Tue Use of TENDON SUBSITIUTEY

For some years the possibility of artificlal substitutes for damaged tendons
snder arcumstances where the results of tendon repur or graft are stilt
unsatssfactory has been under consmideration by many centres. The absence
of adheston to the surroundmgs along the length of the matenal used makes
the method appear attractive, but that wme lack of umon with the surroundings
makes the problem of end attachments more difficult. The search for a suitable
mert malleable, strong, unstretchable and durable substitute, together with a
method of stable end umon continues.

At present 1t 13 our firm view however that despite 1ts shortcormings, free
flexor tendon grafing 1 the method of choice if favourable mdications for
grafung exist. Having regard to the long history of artificial substitutes for
various tissues s the body and the traln of complications they introduce, it 13
unhikely thot tendon substdtutes will ever replace autogesnous tendon grafis ss
first chotce in favourable cases

So far we have only conssdered the use of foreign materials as an expenment
in a few cases where other method of orthodox tendon repair have failed or
seemed certrin to farl

Despite some mutial success the ultunate results i all cases have been
disappointing for a wide vanety of reasons including defayed sepais breakage
of the materiat used teanng out of the end attachment and failure to establish
active movement despite continusty of the prosthesis

No doubt many modifications both m matenal and techmique will be
made in time, but for the present it seems best to regard such procedures as
exper tal for cases d for standard methods of tendon repair

TenODESIS FOR TERMINAL JOINT STABILITY

The wdications for this procedure have already been discussed (p 180)
s man advaniage over erthrodesis of the termmnal interphalangeal joint 1s
that the peniod of incapacity 1 shorter and the patient s able to return to
work sooner The techmique has besn described by Spak® and we have
followed hss method with only mmor vaniations in detnil  The main difference
i the technique that we have used has been that the wire suture anchonng the
tendon to the muddle phalanx has been & buned one mther than the removable
one as preferred by Spak

To be effective a sufficient length of stump of the flexor digitorum profundus
must be present and 0 s not practicable in cases where the onginal tendon
mjury was close to 15 insertion

The operation aren 18 exposed by turming back the usual type of fix
(Fig. 149} but this need only be mased over lhg distal half of the ﬁy:;cf and ﬁ
13 imporlant not ta encroach on the region of the proximal interphalangeal
jomnt and the antact sublinis tendon. A smalf area of bone 1 gouged out of

Srub har (1995-36)  Tenodesis of the diatat finger repair
Pvor peolundus futction Ao ckir scond 110 4 oinima method of for o of e
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out the proximal anastomosis m the palm wound mded by a traction suture
nn the profundus tendon The anastomosis can then be done wathout slach
and without strun  Release of the exaggerated finger posture then usually
leaves the finger 1n normal posture and tension as can be both seen and felt
It 1s better to have the graft too tense than too slack. Finesse 1n this maneeuvre

Fro. 148

Rewidt of seroodsry Aexor tendon grafl at difTerent atsges after operatien

A Pnor to operation  Both tendons had been cut over the provimal
phalant and only the skin repawred primarily
B, C The range of movement sbx weeks after tendon graft.
D E, F The final resuit efght months fater

which 1s by far the most tedious and difficult of the whole procedure can only
be developed by expenence.

The Post-operative Management —The post-operative care of tendon
grafts differs in no way from that required for direct repair of tendons The
principles concerned have already been set out in Chapter VI
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The Use of TENDON SUBSTITUTES

For some years the possibility of artifictal substitutes for damaged tendc
under crcumstances where the results of tendon reparr or graft are
unsatisfactory has been under consideration by many ceatres. The abse
of adheston 1o the surroundings along the length of the materal used ma
the method appear attractive, but that same lack of union with the snn-oundxv
makes the problem of end attachments more difficult  The search for a suita’
inert malicable, strong, unstretchable and durable substitute, together wat
method of stable end uruon contrnues.

At present it 13 our firm view, however that despite 1te shoricomungs, !
flexor tendon grafting 15 the method of choice if favourable mdications
grafting exist. Having regard to the long history of aruificial substitutes
varjous tissues in the body and the tran of complications they sntroduce 1
unlikely that tendon substitutes will ever replace autogenous tendon grafl:
first choice 1n favourable cases

So far we have only considered the use of foreign matenals as an experir
n a few cases where other method of orthodox tendon repaic have failed
seemed certaim to fad

Despite some mitn) success the ultmate results in all cases have t
disappointing for a wide variety of reasons including delayed sepsis, break
of the matenal used, teanng out of the end attachment and failure to estab
active movement despite continuity of the prosthesis

No doubt many modifications both in matenial and techmque will
made 1n time, but for the present 1t seems best to regard such procedure:
expenmental for cases unsuited for standard methods of tendon repair

Tenopests FOR TERMINAL JOINT STapiLmy

The mdications for this procedure have already been discussed (p
s mamn advantage over asthrodesis of the terminal interphalangeal joiwn
that the penod of incapacity 1s shorter and the patient s able to returr
work sooner The techuuque bas been described by Spak! and we hi
followed tuis method with only minor vanauons in detat  The mam differe
m the technique that we have used has been that the wire suture anchoring
tendon 1o the middle phalanx has been a buried one rather than the remov:
one as preferred by Spak

To be effective a sufficient length of stump of the flexor digstorum profun
must be present and 1t 1s not practicable in cases where the ongmal ten
myury was close to iis (nsertion.

The operation aren 1s exposed by turning back the usual type of
(Fig 149) but this need only be rauned over the distal half of the finger an
13 1mporiant not to encroach on the regon of the proximal interphalan;
Jont and the intact sublims tendon A small ares of bone 13 gouged m;

Spak lar (1955-%6)  Tenodesis of the dinat fager jolnt method
Bevor profundus function. Acta chir ycumd 118 4 ﬂ of repaly for bois o
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the front of the distal half of the middle phalanx and two fine holes are dnlled
from the bottom of this depression through to the dorsum where the bone 1
exposed through a longitudinal incision  The length of the profundus stump
13 adjusted to produce a fixed joint flexton of approximately 30 degrees when
1t 1s fitted 1nto the bone A double threaded ware suture 1s then inserted 1n
the tendon by the Bunnell techmique (p 119) and tied over the back of the
phalanx after threading the two ends through the dnll holes.

Fio 149
The method of fixkmg the distal Saterphatazzeal joint by tewodests snd
tempornry phe tramsficion

th the st of the unchas tendon s passed through
A, A wire suture through stump rrucziflz(ph:hm.

dnll holes In the e
of tendon Tied into a shallow pit gouged out phatamx
B The stump undll’t:puwimcnd.lutdonu:domm
C X-ray shows the pin w hich e poutlon until the becomes.
Tecthe
2
The tenodesis is then g1 by dnlling: wer wire
obliquely from the back of the A across the
joint into the distal phalanx The end of ?ﬂ' shcml
but not tr~ ghort for 1 and the over 1
on th No other ~ od and § | resume
work A wounds wire for

Is « then «
"
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EXTENSOR TENDONS

The Maliet Fluger.—This deformity may result from iwo classes of
inj‘-‘T:li Open cutting inyunes where the section of the tendon over the josnt has
not been noliced and the wound has been sutured or else has healed
spontancously The same result may follow when the cut tendon has i fact
been sutured but immobilisation has been abandoned too soon. This type of
mistakhe happens when there 15 discontinuity of personal care and someonc
unaware or forgetful of the sutured tendon removes the skun sutures and sends
the patient on his way

2. Closed ingurtes resulting from sudden forced flexion of the distaf joint
agamst extensor resistance, The housewife who was turning
the mattress, the footballer who musjudges his mark so that
the ball strikes the end of his finger as he 18 reachung for 1t
or the wicket heeper It on the finger tip as he opens his
hand—these are typical stories  Closed mjunes do not
produce a clean division of the tendon. There 15 usually
a subcutaneous tearing of the extensor expansion near its
tnsertion  Lest commonly there 1s an avulsion of the tendon
insertion with a small flake or chip of bone mcluding part
of the articular surface (Fig. 29) The dsagnosss 1s often
uncertun at the time of myury on account of swelhng
and pain and most of these cases therefore present for
secondary treatment of an established mallet finger
deformity

Both management and prognosis differ considesably
n these two classes of inpury

In the first type {f.e mallet finger afier open njury)
direct repatr of the cut tendon 15 nearly always possible af a long peniod of
tme has not elapsed since the injury  The tendon 13 approached by an angle
incision rawsing a triangular flap (Fig 150)  An avascular field 1s essential for
precisionindentification dissection and repasr For this purpose a broad rubber
band about the base of the finger tightened and held with a chip s effecive  The
proumal tendon end 18 freed from adhesion to the muddle phalanx drawn
dutally and sutured to the distal end, which has been also freed and tnmmed
Oge or two sde-on mattress sutures are generally used for this purpose
(Fig. 151) The finger 2nd hand are then immobihised 1n the position of function
except that the dstal interphalangeal joint of the affected finger 13 hyperextended
1t 15 comentent 16 do this by making the plaster n two stages—first a small
volar plaster setung the comect posture of the finger and subsequently a
separate plaster relating to hand and wnist posture  We regard the common
practee of using only a local finger plaster of a thimble type as madequate
i\;r:éx':n and have scen ample evidence of the nisks of their local pressure

Results of direet reparr in most of these cases are good (Fig. 152)
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In the second type (/e mallet finger after closed mnjury) decisions are more
difficult and the prognosis more erratic  If conservative management 15 adopted
even at an early stage and with prolonged fixation of the distal jomnt fn the
extended position, a feat not easy to obtmin with absolute continuity there 13
unlikely to be accurate apposition of the frayed tendon ends. Natural union
does not occur without scar separation and at least some order of the disability
will persist  If operation 15 undertaken the frayed tendon ends separated by
new scar and reaction are difficult to dentify and reparr without tnmming and
shortening  End to-end apposition 1s thus impossible without straining the
position of extension Moreover this has to be
accomplished in a region devord of protectine
soft tissue insulatton from joint cavity on the
one side and skin surface on the other  Evenif
unproved posture and some extensor function
result from such operntions, full flexton s
unithely to be regained on account of tendon
foreshortening necessitated by the trimming
Either hine of ma t is time-ce )
for the patient necessitating disuse of the hand
for a period approximating six weeks

What 15 to be done for the best” The
Iiterature 1s full of unproven ideas and suggestions
and there are many gadgets described for
mmobilising a finger m the difficult position
suggested  On the contrary tt 1s notably voud
of any crnitical review of long term results llla,» any

particular method of treatment with one
msmh&:‘::"'“"“;by important exception A recent Swedish paper
. nar;m‘s‘rde-on mattres suiures by Backdahl! records a long term review  not
are :‘;‘dsn{‘" ulk nnotowosed only of cases treated conservatively and by
penerally wsed  The method of operation but of cases Jeft untreated He
sutunng a flar tendon & not (e mles the wmportant gencral observation that
same s foc a round many of these cases which are left untreated
have only partial dwsabiity They gain some hmited return of extensor
function so that their long term disability more often than not is minimat and
most patients raprdly accustom themselves o this  Continued disability and
nuisance are usually confined to mallet fingers of gross degree with no extension
whatever or where there 13 persistent pamn and tenderness about the joint
Ths 15 usually due to arthritis following avulsion of the tendon msertion with
associated chip fmcture when the bony fragment 1s gencrally displaced into the
joint  This condition can be ascertamed by X ray examination

On the basis of these observations together with the technical difficultres.
the time loss and the erratic resulls of operation we have recently modified
our views on this subject  When faced with a mallet finger deformuty which

Baldaht, M {19%6), Ruptucer of the extemor aponcurous af the diugl digprtal pounts.
Acta chir scamd 3 2.

Fo 151
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has not been due to a recently incised wound, we now advocate operation only
under the following conditions —

1 If there Is a chip fracture. It follows that all cases of mallet finger
deformity should be X rayed Operation should be undertaken 1n these cases
at least to remove the bone fragment  If reaffixing of the tendon 15 impracticable
as it generally 15, the joint can be fused 1 moderate flexion (about 30 degrees)
Fusion Is achieved by excision of articular cartlage and pin transfixion
(Fig. 164) The pin may be cut short and left In situ

2. Where the extension disability
15 complete and where the order of
deformity is a nuisance repair 1s also
attempted  The scar between the
tendon ends 13 divided and resutured

Fa. 152
Secondary repatr of extensor divided
rxpnﬂ;;m over the distal
A Showy the typieal mallet finger deformity of the middie finger
B C, The result of sccondary direet repalr of the extersor expansion.
D E, Show range of movement in the norma! hand for comparkson.

with sufficient overlap to retan full extension  Sol
me improvement In jo
posture and control is usually obtained but full extension 1s rarely rcstora:} o
opcr:ufm;:::xfl?mcuc or occupational idications might occastonally Justify
nw ere 15 NO 1IMprovement ove,
Ao e r a period even if the loss of extensor
We see no place for conservative immobilisat
on where these 1ndicatio
<xst At of be
L€ peration if reparr 15 found to be impracticable, Jomt fusion can be
Outside of these indications come the large majonty of mallet finger
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deformuties where the extension lumitation 1s only 1n the last 30 to 40 degrees
of movement Many of these represent incomplete disruptions of the extensor
tendon or clse scar union and its subsequent contraction which pves some

@ c ]
A Pnor to operatson. B C, The range of finger mosement compared with the oppovte hand after

dvading the two lateral alps of the extemsos expamion and resutunng each (o 1hat of the oppoute
11d¢ beyond the Jomt. A cruciate tendon armangement s thas produced oser the back of the joint.

return of extensor function In all these cases after o few months the
inconvenience 1 neghpble and forgotten
This discnmunating policy of operating only on mallet finger deformitres
in particular crreumstances saves much unnecessary treatment  rescals many
surprises on account of spontancous improvement and sases much ume loss
while over all the standard of results 1s certanly no worse than that of electine
treatment of onc sort or another for all cases.
The Cut Central Slip of the Extensor Fxpansion —Because of the msidious
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nset of deformuty this 18 onc of the commonest extensor tendon 1njunes
\Ovhlch present for zccondary treatment It usually presents as an established
deformity efter an open Injury where the cut tendon has been mussed but we
do occasionally see 1t as n closed mjury  The central slip is damaged close to
its msertion and by the tme the flexion deformity 15 established 1t is often
techmically impossible to repair 1t successfully  Where secondary joint changes
have not yet occurred and the proxi
mal nterphalangeal joint can still be
passively struightened 1t 1s possible,
after extensive dissectron and mobi
lisation to bring the two lateral slips
of the expansion into the mudline
across the back of the joint  In this
position they are sutured together to
prevent recurrence of their lateral
slide Sometimes they are divided
and each ship resutured to that of the
opposite side 1n a cruciate arrange
ment (Fig 153) Oeccasionally where
one lateral slip has been divided as
well as the central element 1t can be
looped around the slip of the opposite
side and resutured totself so formung
a loop which retains the one intact
portion of the tendon over the back
of the joint  There are many possible
vanations 1n this type of repair but
all are designed to allow the intact
Iateral ships to extend their pull across
the joint dorsal to the axis of the
finger and so take over the function
of extending the proximal as well as Fo 154

the distal joint Long-standing deformity resultlng from drvision of

Where secondary jomt changes (o¢ Seirs sip of the extensor expansion—treaied
are advanced or operation has failed ’ e Jotnt.
1t 15 best to arthrodese the proximal joint in partial fiexion (Fig. 154) Suchan
arthrodesis 15 of special value 1n burns of the dorsum where the central slip has
sloughed and left the joint open for o pertod

The Severed Extensor Pollicls Langus —Secondary reparr of this tendon
over the interphalangeal jomnt differs 1n no way from similar mnjuries 1n the
finger There is Iittle retraction of the cut end and direct repair 1s usually
possible within a reasonable period of time.,

When the injury 1s proximal to the metacarpo-phalangenl joint retraction
and contraction of the proximal end occur rapudly  If repair 15 carried out
within a few weeks 1t may still be possible to approumate ths two ends
without undue tension particularly if the tendon 1s lifted out of 1ts tunnel
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deformities where the extension limitation 15 only 1n the last 30 to 40 degrees
of movement Many of these represent incomplete disruptions of the exiensor
tendon or else scar union and tts subsequent contraction which gnves some

Pror to operation. B C The range of finger mosement compared with the oppoute hand after
dnding the two Lateral slrps of the extensor expansion and resutuning each to 1hat of the opposite
s1de beyond the point, A cruclate tendon armangement fs thus produced over the back of the yoot.

return of extensor function In all these cases. after a few months the
1nconsenience ts neghgible and forgotten
This discnminating policy of operatng only on mallet finger deformities
in particular arcumstances saves much unnecessany treatment reseals many
surprises on account of spontaneous improvement and saves much time loss.
while over all the standard of results 1s certainly no worse than that of electne
treatment of one sort or another for all cases
The Cut Central Slip of the Extensor Fxpanston —Becausc of the insdious
200



SECONDARY REPAIR OF DEEP STRUCTURES

onset of deformity this 1s one of the commonest extensor tendon njuries
which present for secondary treatment It usually presents as an established
deformuty after an open mnjury where the cut tendon has been mussed but we
do occasionally see 1t as a closed injury  The central slip 18 damaged close to
its msertion and by the time the flexion deformity 1s established 1t 1s often
technically impossible to repair it successfully Where secondary jomt changes
have not yet occurred and the proxi
mal mterphalangeal jomt can still be
passively strmghtened 1t 15 possible,
after extensive dissection and mobi
Iisation to bring the two lateral shps
of the expansion nto the midline
across the back of the joint In this
position they are sutured together to
prevent recurrence of their lateral
slide Sometimes they are divided
and each shp resutured to that of the
opposite side 1n a cruciate arrange
ment (Fig. 153) Occasionally where
one lateral slip has been divided as
well as the central element 1t can be
looped around the slip of the opposite
side and resutured to itself so forming
a loop which retains the one intact
portion of the tendon over the back
of the joint There are many possible
vanations 1n this type of repair but
all are designed to allow the ntact
Iaternl slips to extend their pull across
the joint dorsal to the axis of the
finger and so take over the function
of extending the proximal as well as Fo 154
the distal joint Longstandmyg deformity resul

Where secondary joint changes e ceotral ‘hpoffh‘e" Z(mmlf.“;‘ﬁ
ure advanced or operation has faled e Joint.
1t 15 best to arthrodese the proximal joint 1n partial flexion (Fi
arthrodests 15 of special value in burns of lhcp:;on'um \vhcrc( Ll;i clcsr?l)ml ill:‘:hh?a:
ﬂougllid and left the joint open for a period P

Severcd Extensor Polllels Longus —Seconda 1
over the interphalangeal joint differs in no way fror;yslr;r:uln: ?rf_]ttl:;txe:dt%:
finger There 1s little retraction of the cut end and direct repair 1s usuall
p(ml\l:l,; wul;]m a reasonnble penod of time. Y
en the 1njury 15 proximal to the meta
and contraction of the proximal end occur Cr:m;hn}x;nmgc:;lio::tmr:;?émx,:
within o few weeks 1t may still be possible to approximate the two cnds
without undue tension, particularly 1f the tendon 15 fted out of its tunnel
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and allowed to pursue a strught course (Fig. 155) Frequently however
this 1s not possible, and either a free graft or a tendon transplant must be
carned out A transplant 1s preferable and the common extensor tendon to
the index finger 1s casily the best choice (Fig. 156) This tendon wall not
reach as far as the metacarpo-phalangeal joint of the thumb and can only

Fia 153
Secondary direct repalr of the extemsor pollichs longos
A and B show the renge of movemnent folkowing operation.

B

Fio 156

endon (ramsplant te the extemsor pollichs bempars biiag the
ﬂléﬂd@mm-;nhlmdmlalhrhdnhzn

umam extenston. Madmum ficuon.  The ume tapsc and_degree of retraction of the
Am:w:.ul:nlmdonr:c\umornfnouim Jongus were such that direct repair of that tendon was imposuble,

be used when tendon section 1s proumal to this. The usc of one of the
radial wrist extensors when the pomnt of section is close to the msertion of
these muscles 1s i)l advised The normal excursion and direction of pull of
these muscles are unsatisfactory for the purpose and the results following their
r by companson
e ﬂ?ht:olhg mjuf; 1s at or near the metacarpo-phalangeal joint and
direct tendon suture 1s not possible a section of free tendon graft from
202
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Imaris lon or other suable tendon must be used to bridge the

;:; (p‘l;;g, 157) Tg‘tu;:re 15 no available tendon of sufficient length for transplant
on

° ‘h';;nm&mad Fluger Extensor on the Hand —Here secondary repair of
extensor tendons can be achieved 1 many ways and m different combinations
If there 15 no tendon Joss and retraction can eamly be overcome, direct reparr
15 8 sumple procedure.  Otherwise, the simple solution in ungle finger 1njunes
s to anchor the distal cut end to the mtact tendon of a neighbouring

Fra. 157

Beeondary free tendon grafl {e the right cxtemar polfichs Jorgw
A, The thumb in fiexion. B, Maximum extension. The degree of tendon loss sfter excision of
the scarred and damaged section of tendon did not permit a direct repair and the site of section

finger If the adjacent finger has two tendon shps, one of these can be
transplanted to the affected finger  There are many ways of rearranging the
extensor tendons on the back of the hand to provide a functiomng umt to
fach digt and surgieal opportunism 1s the keynote of secondary exploration
m such myuries,

Where all tendons are damaged, with loss of substance, free grafls to each
finger are necessary and we have seen how this must often be preceded by the
proviston of an adequate soft trssue cover for the area (Fig. 158)

Combined Flexor and Extensor Injurfes —Occasionally both flexor and
extensor tendons to a finger are cut simultaneously particularly m the mdex
finger (Fig. 129). Often the intervensng bone or jownt will also have been
damaged and where such o finger has been retained pnmenty subsequent joint
stffness will usually preclude any attempt at tendon restoration

If the injury 15 confined to tendons or rummal jomnt damage responds well
to mtermediate treatment the surgeon 1s faced wath the problem of which
tendon to repair first or whether to operate on both simultancously  The
katter possibility 1s quichly ehminated for while finger posture 15 that of the
position of rest in both cases after operatian we rely on exaggerated wrist
posture for tendon refaxation and the neutral pontion 18 not sufficient for this
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Whichever tendon is repaired first 1t will be necessary to rely on splints
to provide antagonistic action until the second tendon can be dealt with, There

Fo 158

Secondary extensor tesdon repair preceded by soft thome replacement ever the
dorsam of the kand

A, The mjury showing skin lows and tendon damapge  The cxtensor tendom to Index and mkhilke

fingers were divided and thero was loss of substance of the index extersors. Thert was aho &

[fracture of the third | running into the metacarpo-phalangeal jount which was bid epen.

B, Pnmary direct abdomimal flap after closure of the nxtacarpo-prhalangeal foint and direct repaid

of the extemsor tendon to middie fin, C, D The end result cight after sccondary free
tendon graft to the extensar communis of the index finger

arc arguments both ways but we would prefer to operate first on the extensor
tendon—the simpler procedure more Iikely to provide 2 quick return of active
movement.

NERVES

As 10 the case of tendons secondary treatment of major nerve snjuncs
may be required for recently healed tidy injunies where for some reason
pnmary reparr has not been undertaken or for  untidy ™ injuncs after
intermediate treatment has prepared the hand for operative nerve repair

A case may have been managed throughout by the same susgeon who has
obsened the nene injury at the initial operation and knows precisely the state
of afairs which will be encountered  On the other hand the surgeon responsible
for the reparatinve work may frequently have little or no information to guide
him  As often as not the affected nerve has not even been scen at the pnmary

operation
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In many Simple Nfuryeg the divideq Acrve enge may be close together or
the nerye may pe mcomplctdy divideq and i gyop Cases €Xpectant treatmen,
will be Tolloweqd by some degree ry are
strongly of the opinion that g cases of Open njury which g followeg by
Chucal idence of nerve damage should red gy n as Practicapjs
after soupg hcnlmg if the loca] state of affapy 18 not Precigely known In Severe

oft {it h

Untidy 1y ssuc n y for eXploration I even
more obvioys, but myg; often pe delayeq until sk loss hag made gooq
PSS elimung,, and joint Mobility reys, the firgs SXplomation
may pe carned oy Withy ks of the njury 4, the secq may pe
delayeq ral month,.
In an EVeTY effort shouj de to render the hand fit for such
SXploration WIthin three months of th njury
and earje; Possible Delay beyo, such has B
tedly  pee, sh to Prejudice the chy of !
ul ne, .
yn Ploratiop, one of 4 ber of )
conditione fe Opcratxon ust not be
approa; th predet, ed fixed Plans of ure A
teh wigf g 1 the fing ngs '
The y be readily f, Withip 5 !
of eq Withoys ﬂ(;i?‘t; This :':21: : -
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CHI00 Of the ey bulps :;n;o" x ’fp‘,ﬂfg
TbeDErreCndsnuya tobelncon!lnnh,,nitb trunk
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Jolnt postures  This has 1ts mamn appheation i relation 1o the ulnar nene
where the standard method of transpostcon in front of the elbow adds
considerably to the length of nerve avadable for repair  This procedure,
combined with flexion of the etbow joint, will allow most ulnar nene lessons
to be repaired despite the loss of a substantial amount of nerve substance {n
the case of the median nerve the amount to be gamned by extensive mobilisstion
of the nenve by altenng the jont positions 1s strctly himited s the course of
the nerve from its ongmn to 1its termunal branches 1s almost straight, and is
already on the flexor surface the whole way Somectimes where both major
nerves are involved shortening of the forcarm bones to a imited degree may
add a httle further to the avnilable nerve length for reparr  This mav be
particularly applicable where both forearm bones have already been fractured
m the engnal injury and where in some cases non umon or mal umion has
also to be treated as well as the nerve injury

5 The ends of the nerve may be found to be widely separuted, and it ks
impossible to spproximate them after scar excislon by ordinary methods of
mobilisation and postnre These are the cases which have been complicated
at the imual mjury by extensive soft tissue loss which includes portion of
the length of the nene  Nene grafung offers the only prospect of restonng
continnty  Where this state of affairs exists in the palm and the nenes
mnvolved are the common digital branches of the median and ulnar nerves,
which at this potnt are essentinlly sensory in type, nerve grafis to bndge
such gaps are well worth while. Pieces of cutancous sensory nerve can be
used of approx: {y the same d or the digital nerve up one sude
of the finger may be used as a graft to restore sensation up the other side
thus ensuring that each finger has at least one functioning nene (Fig. 160)
§t 15 common for such problems to anse in the more severe hand injuncs
involving associated bone, tendon and jomnt damage  Sometimes n considenng
the plan for secondary repair one or more grossly damaged fingers may be
removed with advantage and may form the source of supply not only for sim
but for nerve grafting.

Where the mam nene trunks of the median and ulnar nerves are wnvolved
proxsmal to the wnst cable grafis of sections of cutancous nerves can be
cmployed to bridge the gap and some degree of sensory recovery can often be
achieved thereby 1t must be remembered that these are usually gross injunes
where even o small degree of success may provide some value (o an otherwise
useless hand

IRREPARABLE NLRVE INJURRLS AND FaiLED Nrrvi REPAIRS

Despie meticulous surgery and inpemous methods of nene anastomosts
or grofung o certain proportion of nerve myunes be treparable  Others

wall fail to regenerate satusfacton el fems then concertt
etther sensory and or motor -
‘edian Nerve Only —Loss ¢ distribution 15

one of the worst handicaps a b
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Fro 160
A extensive hand infury
with Joss of snbstance of
the medisn perve Ix
the proxiwal palm

X
Tha imjury infleted by & w was treated primacdly by amputatton of all four through
lheuﬂﬂcphhnjnﬁ} %d.mmg’mmrmndmamu involved
the median and nerves and some of the superficial fiexor tendons, and by attechment of a direct

belurcation were found to be divided, and these two branches were sutured separotely  The median
penve was found divided just proximal to lis subdivition into terminal branches. There was lows of
sbstance of the perve 10 the extent of about one snd & half Inches after preparition of the nerve cods
In‘d‘)m“m'“u.;”f&m taken from the cornmon digital nerves to the a t sides of Index
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Jolint postures  This has its mam apphcation in relation to the ulnar nene
where the standard method of transposition m front of the elbow adds
considerably to the length of nerve avalable for repar  This procedurs,
combined with flewon of the elbow jomnt, will allow most ulnar nerve lesions
to be repaired despite the loss of a substantial amount of nerve substance, In
the case of the median nerve the amount to be gained by extensive mobilisation
of the nerve by altering the joint positions 18 stnctly lumited, as the course of
the nerve from its ongn to sts termunal branches 1s almost straight and 1
already on the fiexor surface the whole way  Sometimes where both maor
nerves are involved shortening of the forearm bones to a limuted degree may
add a little further to the available nerve length for repair  This may be
particularly appbicable where both forearm bones have already been fractured
m the onginal mjury and where 1n some cases non-unton or mal union has
also to be treated as well as the nerve Injury

5 The ends of the nerve may be found to be widely separated, and jt k
fmpossible to approximate them after scar excision by ordhary methods of
mobilisation and postare These are the cases which have been complicated
at the imtial myury by extensive soft tissue loss which includes portion of
the length of the nerve  Nerve grafting offers the only prospect of restorng
contnuity Where this state of affairs exists in the palm, and the nerves
wnvolved are the common digital branches of the median and ulnar nerves,
which at thus point are essentially sensory in type nerve grafts to bndge
such gaps arc well worth while  Preces of cutaneous semsory nerve can be
used of approximately the same diameter or the digital nerve up one side
of the finger may be used as a graft to restore sensation up the other side,
thus ensuring that each finger has at least one functtoning nerve (Fig. 160)
It 1s common for such problems to anse in the more scvere hand injunes
involving assocrated bone tendon and joint damage Sometimes, m considening
the plan for secondary repair one or morc grossly damaged fingers may be
removed with advantage and may form the source of supply not enly for skin
but for nerve grafing.

Where the main nerve trunks of the median and ulnar nerves are involved
proximal to the wrist, cable grafts of sections of cutancous nerves can be
employed to bridge the gap and some degree of sensory recovery can often be
achieved thereby It must be remembered that these are usually gross injuncs
where even a small degree of success may provide some value to an otherwise
useless hand

IRREPARABLE NERVE [NJURIES AND FAILED NERVE REPAIRS

Despite meticulous surgery and ngenious methods of nerve anastomosis
or grafung a certan proportion of nerve injuries will be ireparable. Others
will fail to regenerate sausfactorily after reparr  The problems then concerm
cither sensory and or motor loss in one or both major nerves

Medisn Nerve Only —Loss of sensation of median nerve distnbutsan 18
one of the worst handicaps & hand can suffer  Almost every usc to which
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SECONDARY REPAIR OF DEEP STRUCTURES

Fa 160
An extenshie kand lajury
whth Joss of substance of
the median perie M
the proxfmal paim

rect suture of a transverse wound on the front of the carpus which involved

This i inficted by n er saw was treated pnmarily by amputation of all four fin) through
lt:mgg]?p}-hnmbyd] by
median and ulnar nerves and some of the superficial fiexor tendons, and by sttachment of a direct

nerve semory or

were found to be divided, and these two branches were artured The median
fhene was found divided fust proximl to its subdivition into terminal branches.  There was loss
ﬂbﬂanceoﬁhcncrve(oﬂtcxlmtofnboutomnndu}n]fhcbﬂlﬂtfpmpanﬂouo(!hcmmds.
'll:dnlcwtnuoffmmn'e ft taken from the common digital nerves to the ides of index

ring finger ted that this area was suppled by the ninar
B normally the cose by median. This has been indicated in the dlagram,
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

the hand 1s normally put 1s dependent upon discnminatory sensation n this
tegrion  Not only 1s function grossly tmpmired 1n this way but such hands are
prone to petty injuries and burns which are slow to heal  Trophic changes and
neuraiga of varying grades of seventy 2dd to the disability Fortunately s
sufficient degree of protective sensory recovery usually follows nerve repair
or grafting but this still fails to supply a sufficient discniminatory sense to
satisfy the demands of finer movements and specialised occupations In
certain selected cases of this type consideration should be given to the
transfer of an 1sland flap from the ulnar side of the pulp of the nng finger
carned on a neurovascular pedicle and tunnelied across the palm to the thumb
pulp The skin of the thumb pulp which 1t replaces can then be used ns a free
graft on the site of ongin of the
flap  This type of procedure or
any of its modifications can add
greatly to the functional value of
such a hand !

Occasionally an irreparable
median  nerve njury 1s also
assoctated with such extensne
scarmnng and tendon damage that
the loss of finger function to-
gether with anesthesia, troph
changes and causalgic pain may

Fro 161
roren call for amputation of a hand
oaelers band with kreparahie tesdon and
Al wedisn :em jary which 1s not only uscless, but an
Tgh pnlhm;dn nnn"j:rss byro(-p:, swffered lmm:;‘ embarrassment (Fig. 161)
13 n wa oTeRrT AMpUtAtION.
P f;rprhm:yampuulbnlnlhhmcwmld The degree of motor loss
have ssved much suffering and projonged trearment. associated wrth irreparable

median nerve damage varis
considerably as does the patients ability to compensate for it In many
cases the movement of opposition although incomplete, remains adequate
for all ordinary purposes and no tendon transplants are required Howeier
when palmar abduction and opposition are inadequate these movements can
be assisted by detaching the flexor digitorum sublimis tendon to the ring finger
from its insertion withdrawing 1t at the wrist and then threading 1t sub-
cutaneously across the front of the wrist and thenar emimnence where 1t 1s finally
sutured to the tendon of insertion of the abductor pollicts brevis  Whether
or not this tendon 1s 1ooped around the tendon of the flexor carpr ulnans before
passing to its new nsertion seems to matter little
Ulnar Nene Only —In the case of the vinar nerve the sensory problems
are not so 1mportant, as the fingers affected are not so vial to hand function
and usually the only finger completely anasthetic 1s the little one  Furthermore
n mjunes at the wrist the dorsal branch of the nenve is usually spared and
supplies some sensory protection for the ulnar border of the hand and hittle
finger
Moberg, E. & Littier W Penonal coammunication.
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SECONDARY REPAIR OF DEEP STRUCTURES

The motor loss produces the charactenstic ulnar claw hand with hyper
extension of the metacarpo-phalangeal joints and flexion of the mterphalangeal
jomts of the ring, hitle and sometimes the muddle finger Loss of active
adduction and abduction of the fingers weakens the hand but 1s not of great
moment 1n 1ts everyday use. In some cases the deformity 1s not severe and the
jomts remain mobile  In such circumstances 1t 1s best accepted  If the claw
deformuty 1s incapacitating 1n relation to certain manipulative occupations the
posture and function of the affected fingers can sometimes be improved as
suggested by Bunnell by detaching the flexor digitorum sublimus tendons from
their insertions, withdrawing them through a palmar icision threading them
through the lumbncal canals and attaching them to the lateral bands of the
extensor hoods This procedure
1s especially indicated when the
clawing deformuty of an ulnar
nerve lesion 15 associated with
progressive ngidity 1n the prox
mal interphalangeal joint and
flexor tendon contracture (Fig
162) This can usually be over
come by conttnued use of an
dastic tracton splint but the
operation 18 necessary to provide
permanent stability and to pre
vent further contracture.

Fa 162
Secoadery temdon and joimt comiractare followlsg the
prolouged clawing of an oizar nerve lesion

Combined Median and Ulnar Mm hcndymdgenmaddapheu
TeasonA | recovery
Nerve Lesloms —The  greatest [oioruii: T Soch changes can wssally be pre.

problems of unsuccessful nerve mtedbythcuﬂylndmlh‘m?\m of elastic tractlon
repairs 1n the hand arise when PO throughout mﬁmmﬂm for nerve
both the major nerves are
damaged  Frequently they are only part of a severe compound forearm mjury
with fracture and muscle damage as well as mangling or avulsion of the nerves—
injuries which by their very nature and extent will often nvolve amputation
aither primary or delayed. If there 15 total loss of both median and ulnar
nerve sensation despite all efforts at nerve repair or grafi, there 1s no more
that can be done from the sensory point of view and a decision has to be made
23 to whether the mb 13 to be amputated or retained  In most cases, however
a gufficrent degree of protective sensation can be restored to the hand by nerve
repairs or grafts to warrant 1ts retention

When the motor function of both nerves 1s lost 10 wrist and lower forearm
\njunes none of the compensatory mechanisms that come 1nto play when onlv
one nerve 1s damaged are avatlable and the result 15 a complete claw hand
The most mgmificant element of this deforrmity 1s the loss of all power of
m‘l:n, and the thumb becomes simply another finger both 1 posture and
wthl;ng of the fingers can be improved by transposing the flexor digitorum

mis tendons 1nto the lateral bands of the extensor hoods as described
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

above  However the high incidence of recurvatum  deform
proxmmal interphalangeal joints following this procedure 15 a major dis
The four tailed free graft of Paul Brand! using the extensor car
brevis as the motor unit may prove to be a better operation

To provide opposition for the thumb the sublimis tendon u
finger can be spared from the other transplant and transposed acros
of the wrist to be mserted 1nto the abductor pollicis brevis tendon as
previously in relaton to median nerve injuries alone

Although many other different transplants have been devise
type of hand the correction of claming and the provision of an
mechanism are the two essentials and these alone will provide a
hand 1n most cases.

As we have limited the scope of this book to hand injuries .
from injunes which affect the hand we are hittle concerned with m
damage or high median or ulnar nerve damage. If the amount of
in the hand warrants 1t there are many vanations and combinations
transplants which can be devised to improve function n these cases
rationale and technique have been well covered 1n other works

BONES AND JOINTS

There are few secondary procedures of election on bones and jo
offer much prospect of improvement m function beyond those of
to correct bony alignment or joint fusion in an optimum position

Correction of Mal-unlon —Where extensive bone damage has cc
soft ussue myury many fingers will have been amputated prima:
preserved will have had bony alignment corrected at that stage
proportion however may stll be seen later with lateral pngulation
deformity or overnding of bone fragments (Fig. 163) These defor
usually associated with varying degrees of jomnt stiffness and a dex
usually to be made as to whether the finger should be amputated 1
whole, or whether an attempt should be made to correct the deft
osteotomy and fixation in an improved position  The indication for
1$ MOre common 10 sévere injuries with damage to more than one fing
a finger though stiff at one or more of 1ts joints may remain of great :
hand as a whole. Open osteotomies of thrs type often with res
iregular or overlapping portions of bone can be followed by mterns
with small metacarpal plates and screws or sumply by plaster retent
period of several weeks

Correctlen of Jolnt Deformity —Of more common concern 1s
which has stifened 1n an unsuitable positton ether because of intm
injury or beeause of prolonged fixauon  Whilst certan of these de
can be corrected by slow traction, often combined with capsulotom
the 1ntermediate phase of treatment we are concerned here rather w
fixed and 1ntractable deformities requining later secondary correction



Fu. 163

At doced  fracture dislocatk Joim

tyeated by Joint exclsion and w&eﬂmim'mtpuu ﬂcxcdpod(m Innnkm-pk

finger thhmb!nbenhdk:ulonf ber fingers are
abo Injured, as hiere, retention mchnhnmbccomul.l i.mporm:

Fa 164
Metisod of arthrodesfs of » terminal fferphabyngeal joiet
A, Mallet-finger deformuty rtsuhiru from tnjury to the extensoc cxparsion fotlowed by
B scpeis and Jots of tendon sutntance.
Radlographu foflow ing excrtion of joint surfaces and transficion by Rirschmer wire,
G D End resul with terminal joint fused in stight fiedon.
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We have not been impressed by arthroplasty of interphalangeal jornss.
The degree of active jomnt range and stability following these procedres 15
rarely sufficient to warmant them  Stability 1s better gained by fusion of the
affected joint in a position of partil flexion. Exctston of the joint surfaces
followed by transfixation with Kirschner wires and plaster in the appropniale
position 1s the simplest method of arthrodesis (Fig. 164) Sometimes internal
fixation with metal plates may be used in the case of the proximal mterphalangeal
jomt (Fig. 165) On the other hand mobility 1s all important n the
metacarpo-phalangeal joints and open arthroplasty may occaslonally be of
use for a fixed hyperextended joint which does not respond to capsulotomy
and slow traction

Fro. 165

Arthrodests of a prodmal  Inter
phatanpeal jount with internat phate
fixation

Restoratlon of Bone Loss.—Occasionally m severe injunes where the
retention and restoration of every potentially useful hand remnant is ogdﬂr(ﬂ
importance, bone grafts may be necessary to mantan finger length ai (:
promote union and stabiity The indication s more frequent n war lmzi
and concerns chiefly the maintenance of metacarpal length 1n thmughdll;ldc
through wounds where these bones are shattered Bone grafts to Pfo; ot
metacarpal length and stability in these cases are usually only a part ;3 r(
extensive reconstructive programme imvolving also the replacement of sol
tissue and tendons (Fig. 131)

In single finger 1juries the scope of secondary ops-ations ox[\} boncsnnl'lli
Joints 1s very hmited and often 1t will be best to amputate the npfrcil and
interests of the hand as a whole. Where & number of fingers 15 IF\O \( walue
preservation of every functioning umt 18 important, they may be of grea
in stablising bones and joints in the most useful position
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CHAPTER XIV

UNSATISFACTORY AMPUTATION STUMPS AND
ELECTIVE RE-AMPUTATIONS

have so far trned to avold making any separate issuc of finger
VV amputations We have seen how any traumatic amputation can be
considered 1 principle as an open wound and indications for
amputation have been discussed with the particular injunies where they
commonly present In secondary management, however 1t 1s convenient
to discuss separately certan problems and decisions of elective amputahon
or re-amputation
Various symptoms may render the existing condition of an amputation

A, Neglected munor finger-tip tatlon—with bone
;:rmdlmpu exposure

R, Peryistent g wound three monthy later It was a
further four months before healing was achicved after removal of
sequestra, scar exchidon, and flap replacement.

stump unsatisfactory to its bearer He may present for advice or for treatment
with one or more of the following complaints (1) It remains unhealed  (2) 1t
is panful or tender to touch, (3) 1t 1s embarrassing to the use of the hand,
{4) 1t 13 unsightly
cond-l;he Unhealed Amputation Stump —There are two clinical vanants of this
ition
A Diciaraivg Smius most commonly results from the sequence of events
which follows failure of pnimary closure over the bone end (Fig 166) Exposure
of bone or cartilage results, and sepsis follows 1f 1t has not already been one of
the Precipiiating factors  Sequestration may take several months depending
pon the blood supply of the part and the degree of sepsis. A sinus proves
trying and annoying to the patient who seeks relief not so much on account
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

of pamn but for the nuisance and tedium of discharge and dressings. The
same scquence of events may follow the retention of foreign bodies of
of free avascular preces of bone resulting from a comminuted frocture, o
from the carcless splintening of bone with bone forceps  The nut-cracker
effect of thesc forceps may even involve longitudinal splits nto neighbouniag
Joints,

Where sepsis persists and sequestration 1s incomplete, secondary interference
should be withheld  Surgery should be confined to the removal of separated
bone fragments after which spontaneous healing will occur  If it does not,
there 18 strong reason to doubt completion of the sequestration process.

ULCERATION OF THE STUMP —Any scar adherent to bone 1s
prone to petty wnjury and ulceration  The longer a stump remains unhealed
the less the Likelthood that 1t will ever heal spontancously Here the best
treatment 1s either to shorten the stump or to replace the unstable and adherent
area with a skin and fat pad from another region This decision depends on
the relative disadvantage to the hand as a whole of any further shortening of
the stump to provide local soft tissue cover In general 1f the thumb or the
index finger 1 1involved or multiple amputations exist, repulping of a finger
tip or recovenng a stump by well-chosen flaps 1s preferable to proumal
re amputatton  Re amputation 1s best applied to single amputation stumps of
the middle, ring or lttle fingery, except where special circumstances mdicate
athermise.

Palofol Amputation Stamp —Few amputation stumps which heal pnmarily
and which are adequately covered by soft tissue become painful  Faidure to
provide a healthy mobile soft tissue cover 1s the usual basis of pain  Recent
Iiterature gives much emphasis to major neurological procedures for panful
stumps  We are frequently dumbfounded by cases which have undergone
multiple operztions on the nervous system where adherent scarnng and the
physical imperfection of the amputation stump itself have not even drawn
comment 1t is our optnion that patn :n amputation stumps 18 duc to defects 18
healing or failure to provide adequate soft cover for nerves rather than to any
condition of nerves themselves or therr central connection  We rarely see &
genumely painful stump which 1s well padded and devoid of scar adheston to
the surface. A terminal neuroma may or may not be associated with pamn - It
1s never the sole cause. The correct treatment 1s to excise the scar shorten the
digntal nerves if necessary and prevent recurrence of the cham of events by
proper soft tissue cover

There are causes of panful amputatron stumps of fingers other than that
of adherent scar with nerve mvolvement  These include —

1 ReTENTION Of NAIL BID ROMNANTS which may continue lo grow
Where nail remnants persist, they are soon mamifested by a tender point which
ulumately becomes a tender mass (Figs 167 and 168) The treatment is to
resect all remnants of the nail bed The short anatomcal distance berween
the distal interphalangeal joint and the nail bed must be remembered

3. IncLUSIoN DERMOIDS 1n finger amputations occasionally catise symptoms
very stmilar to those of nail bed remnants.
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3 RETAINED FOREIGN BoODIES such as glass metal and lead pencil tips may

use similar panful lumps,
“ 4 AMPUTATIONS THROUGH JOINTS with cartilage under a terminal scar

Fra, 168

Palnfal stempsy
&Rmnnuormﬂbcdmymwddmdmdlmmu
nail uncomfortable and semitive to repeated petty
trauma,

B, S)ﬂ'?xom: relicved and a tmproved by
remove ofnaﬂ-bcdrenm.lntln[glrhm'nlnlofthcnmrrp

Amputation Stumps which Interfere with Hand Functlon —Apart from pamn
And tenderness which might render any amputation stump an embarrassment
[l:azc of the hand a stump may get in the way or be a nuisance for vanous
ns.
! 1t may be too short to be of use (Fig. 169) This usually applies in the
@s¢ of an index finger which 1s shortened beyond the point to which the thumb
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can oppose, in which case most people develop opposition between the thumb
and the middle finger Thus leaves the index stump to stick out where it 1s a

Fro 16y
All coaskderstions of awpotation mest be refative
A, It would be wrong to shorten thi |ndex stutnp in the absence of its
nelghbouring

The same stump [n an otherwre normal hand might well be more
B nubsance than worth,

Fa, 170

A wstless stump
Short stumps of the fndex and Lttle fingers are frequently more
aubance than valoe.
A, Flexed and righd Intke finger stump—a source of comstant pukance.
B, After amputation through the metacarpal.

nuisance and exposed to munor myury  Short hittle finger stumps arc also a

frequent cause of embarrassment (Fig. 170) They take no part in the use of

the hand as 2 whole and they too are subject to injury in their exposed position

2. It may be too long if suff 1n a straight position  This especially applies

to the tndex and mddle fingers 1f the tips cannot be opposed to the thumb
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On the other hand, a stiff finger may be a very useful entity 1f shortened and 1n
veniently flexed posture

’ cm; A ﬁngycr may be over flexed or over angulated by jomt fixation or scars

which cannot be eradicated  These again have more nuisance value than worth,

Fro 171

Cansouflage of crsightly fieger stemps
The coumctic valve of wellmade artificlal fingers f schected
cases b undoubted,

ipecially of the nail becomes the pomt of opposition or if a rotated stump
Interferes with movement of neighbouring fingers.
4 Anmsthetic stumps are frequently a nuisance. Therr management must
b guided by the Iikelihood of re-innervation and the possibilities of nerve
restoration,
5 Metacarpal stumps may be too bulky This 1s frequently noted where
are remnants of thumb and fourth or fifth fingers with amputation of the
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index and middle fingers through the metacarpo-phalangenl jomnts  Better
function often results from reduction of the bulk of the palm to increase the
cleft between the thumb and remaiming fingers.

Umightly Stumps —Cosmetic objection to various finger amputations has
been over-emphasised in the claboration of so-called  sites of election * These
cannot always be reduced to rules They must be based on individeal
considerations and values,

Tt 15 agreed however that certamn finger amputations for certain peopk
i certain occupations or of certain social status do have an unnecessary
unsightly presentatton  Amputation of the index and little fingers through the
metacarpo-phalangeal jomnts leaves knobs which are relatively unsightly The
appearance can be improved to the satisfaction of some patients by a proximal
amputation through the metacarpals of these fingers

Possibilities of prosthetic appliances on amputation stumps have some
place 1n relation to certam worhk or conditions.  Modern camouflage prostheses
of this type have thetr application, especially for little and ning finger stumps
in women (Fig. 171)

Srres oF ELecmion

Many rules have been laid down concerning sites of election for finger

amputation We prefer to treat each case individually with the following

pnnciples 1n mind —
1 Conservation of length 1s paramount 1n the case of the thumb

Fo 112

A wefu] stump
This cspecially applics to the middie and ring finpers,
A, Shows the valuc of a short nng mm in maintatning the
spread of the band and g ion deformity of neigh-
Dot heers
B, Shows the disadvantage and deformity cawsed by more proumal
amputations.

t include
2 Amputation stumps of the index and littlc fingers which do no
a mobile proumal interphalangeal joint arc generally redundant and of more

nuisance than worth
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3 On the other hand remnants of the nuddle and nng fingers are of
great value in stabihsing the posture of the index and little fingers and main
taining the 1ntegrity of the transverse arch. Embarrassing adduction deformities
develop when these fingers are amputated through the metacarpo-phalangeal
Jjomnts (Fig. 172)

4 The integnty of the metacarpal heads and transverse metacarpal higament
1s important 1n the use of the palm dunng manual grip These structures
should not be lightly mterfered with in a manual worker

TECHNIQUE OF ELECTIVE AMPUTATIONS

Finger amputation stumps are best covered by the more bulky flaps which
can be obtained from the volar aspect than by dorsal flaps (Fig. 173) Dorsal
scars which are off the pomt of opposition or grip are preferable to terminal
and volar scars. Suturing of flaps should include the accurate apposition of

Use of volar Oaps
A,Rcctntunpumnonofﬁ.nmdp:tﬂrmnedmddowdbyvohrﬂupnlnho
tlme of removal of stiches.,

B, The firal sppearance. Scars are well fres of apposition and contact areas.

both skin and subcutaneous tissues so that there 1s always a soft tissue plane
skin and bone  Sufficzent sutures must be used to ensure that there 1s
Do pouting of fatty tissue  Flaps must not be taut, and to ensure sufficient
of flap 1t 15 good practice to hold a finger flexed while a dorsal flap 1s
@t and extended when a volar flap 15 cut. Some shortening of the bone end 1s
preferable to tension sutuning of flaps Tendons should not be sutured across
ends of finger stumps for this limits movement
Digital nerve trunks should be shortened to ensure that their ends are
ot n fat and clear of the suture hine. Ligation 1nyection and crushing of
“;"VC ends serve no good purpose and should be condemned
rem Mputations through the distal phalanx raise the problem of retaned
"ants of nail bed.  To ensure complete excision of the nail bed 1t 1s necessary
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to remove the dorsal pertosteum as far proximally as the extensor tendon
nsertion and around the sides of the phalanx to include its most lateral Imits.

If for any particular reason amputation through a joint 15 dectded upon
the artrcular cartilage 1s removed and the bulk of the condyle reduced  When
amputation through a joint 13 specifically desipned however to avoid bone
sepsis 1t would be wrong to trum the bone end n this way

Complications of elective finger amputation are distressing and common-
place In most cases they can be related to defects of techmque or the relepation
of this operation to the infenor facilities and organisation which so often
exist m so called ** minor surgery ™
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CHAPTER XV

RECONSTRUCTIVE PROCEDURES FOR MUTILATING
INJURIES

N the management of the more destructive hand 1njuries mere restoration
of residual parts to normal is sometimes insufficient. Good healing and
function of the remnant do not always represent the optimum result
(Fig. 174) Due consideration must be given to the possibility of substitution
for parts which are lost  The greater the damage, the stronger 1s the indication

Fwa 174

Revomstroction of Jost digtts
A, Halkd hand remnant with short thumb stump and scor lomtation of extenston in ring finger

B, C, Show the valoe of kengthening tho thumb stump togsther with scar exclsion and a whole skin
graft about the basc of the ring finger

for operations which might well be considered uneconomic for less damaged
bands (Fig. 175)
h-lndl:{my time-consuming operations were performed for severely mutilated
Y resulting from the past war Many of these operations are now only of
nikcal interest and are not often used Some, after fair tral are now accepted
f’“‘tdurts 10 be known and considered by all concerned with hand injury and
fml The procedures of most value concern the restoration of the pinch
o on. Normally this function requires an ntact thumb  For 11s restoration
2 mutilated hand three requirements must be satisfied (1) The thenar
ltluh“ S must be present and active n a functioning state of integrity
) I}n"rfm and innervation  (2) there must be an adequate length of thumb
must be an adequate length of finger or fingers to which the residual
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thumb length can be apposed 1n the movements of opposition and fkuon,
Hands may be left without pinch function by defects tn one or more of these

Fa 173

Indications for reconutructive grcrniom are refathe to the
severity of Infury

three factors In such hands pinch function can often be restored by one of
the following means —

1 Reconstruction of apposition digits 3 Deepening mterdigital clefts.
2, Pollicisation of another digit. 4 Prosthesis.

RECONSTRUCTION OF APPOSITION DIGITS

If the thenar muscles are present and have some function an existing
stump can be lengthened or a whole thumb reconstructed It is also pructicable
to make a ngid digit against which a normal thumb can be opposed  Morcover
where all fingers are nussing both elements can be reconstructed  In each
of these procedures which answer different indications pinch function is
restored 1n some effective measure (Fig. 176)

In an earlier report of our own experience * of these methods easy pitfalls
are indicated and the precautions necessary to forestall them are set out below
in a description of the basic procedure  Experience since that time has not
changed our views If the results of plastic surgery are erratic or equivocal
115 uneconomic  For this reason the shortest means of obtaining an end result,
if associated with a hugh risk factor ts not always the best procedure for general
application  Though an apposition digit can be made in less stages, we consider
a four stage operation the most satisfactory means to ths end

Stage 1 Ralsing & Tube Pedicle —A standard tubc pedicle 1s made in 3
convement position on the abdomen or n the acromio-pectoral region with
duc regard for hair disposition  Each site has advantages for indts dual cases.

Rank B K & Wakefield, A R. (1948, Reconsiruction of oppoution dipils for muttlited handv.
Axst NZ J Swy 17 172 2
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circumference of the tube corresponds exactly to that of the stump
AT?{:J; arculatory mnsufficiency arises rather from too much than too little

F Fograph taken five months sfter the bone grafting operation—shows the bone grafl in sir
and umnited,

ﬁlfnua;pcd'd:‘ and as 2 bone graft has later to be accommodated 1n 1ts core

by when trauma to fat 15 undesirable, the pedicle should be made lax
Peropriate fat reduction at its imitial construction
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Stage 2 Attachment of Pedicle to Hand —The approprate end of
tube pedicle 1s detached from the abdomen or chest Apsngprulurc Iine ol‘:}'\‘:
pedicle around the stump 1s undesirable. The largest possible surface contact
between the free end of the pedicle and the recipient area ensures a good
attachment (Fig. 177)

The tubing of & flap and its attachment to the stump at a single stage 1s
notadwised  The junction of two recent suture Iines i two planes at a vulnerable

Fro. 177

Method of attachiey pedicie (o thumb strmp
An oblique suture line s fmportant
(K prodwce 1} prrus sown frowe A 1t wnd \ L [owrntl | Swreery
Fa NI N ) peer b Kamb amd B MArd )
site 15 always prone to munor breakdown Tubing at a prehminary stage
precludes this nsk

Stage 3 Detachment of Pedicle from Abdomen —The pedicle is severed
from the abdomen to leave the length required on the hand for the apposition
digat.

Some fat is removed from the free end to allow of 1ts acctrate closure
without tension after 1t has been tnmmed to avoid a  chafl sack  appearance
Ths blind end of graft tissue has a low grade vitality

The terminal suture hinc umtes slowly so that sutures must not be remosved
early  Any fajlure of first intention healing means long weeks of secondan
healing sometimes requining secondary excision and resuture.

This stage although it imvolves the simplest operation is oflen the most
difficult

Stage 4 The Bone Graft —The longitudinal suture hinc of the pedicle
1s reopened about half to onc inch short of the distal end and extending on fo
the normal tissues of the hand if necessary  The bone stump is tnmmed and
1ts medulla 1s gouged out

Canccllous bone from the thac crest is used  One end 1s fashioned as a
peg to be dowelled 1nto the stump of metacarpal or phalant the other end is

ded (F 78
rounded (Fig 178} 224
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The graft 1s arranged 1n the core of the pedicle and
pegeed 1nto the open bone stump with as little distur
tance as possible.  Supplementary free fragments of
bone can be used about the proximal end of the graft
A few buned catgut sutures unite the fascial and fat
layers over the graft and the skin 1s sutured with silk
The dignt 15 splinted 1 correct position by a complete
plaster which 15 left undisturbed for about & month
Immobilisation and protection of the graft junction are
continued until chimcal union 1s sound (Fig. 179)

Duming after-care due precautions must be taken 1n
regard to the anssthetic arca—a local, well fitting glove
1s worn appropriately thick m cold weather These
precautions are required throughout the period of
sensofy retarn { e, for about twelve months

In the reconstruction of paired apposition digits
the same pedicle 15 used for both digits It must be
proportionately longer, and one extra operation stage
o required for the programme (Figs 180 and 181)

the
The stages of thus procedure arc (1) Rawing a long gt into v stomp of

abdomnal tube pedicle  (2) attachment of one end of

the pedicle to the thumb or finger base, (3) attachment of the other end of the
pedicle to finger or thumb base to make a soft tissue U loop (4) diviston

Fra. 179
Changes In a cancrilows booe graft wlth time and function

A Xerays faken following diptal by
tube pedicle apd umﬁ;wﬂodm;‘ff:uo_ryt:nn necrosss of the tip of the
mw coralta _l_momullmlmmltlupmmmlmdhd i of

blood supply wltimate union, shape adaptatior, 3
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RECONSTRUCTIVE PROCEDURES FOR MUTILATING INJURIES

Fo 181
Stuges [n palred diglial recoastruction
Figs. 180 and 181

A, Hand remnant after a hand grenade infury
B Stags 1 An abdomiral tube pedicke.
CStage 2 Attachment of the pedick to the thumb remnant,
D Sage 3 Detachment of pedicie from abdomren and attachment

to the ulnar region of the hand.
E Stage 4 Divislon of the pedicls loop
FQ Sups Mmbommfkmmoflmbfkmumbrtm

and the immobile nng finy 1 Other metacarpal
been reduced, * E,r[.l K.anon—-phicnm
{Madical B ar Histrry.}
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Pellichmtion of an Index finger

A Recent hand injury with amputatlon of the thumb through its metacarpal. Open fractuse of
index and middie finger metacarpab and severed extensor tendons,  Pollchation of the partly
amputated tendom

index finger wot commenced at mry opcration when the extensor to
neighbouring Angers were akio repaired. The siate schicved at the primary operation.

C D E F Ilwtrate the ultimate rewdt sficr sccondary operations for further wikening of the

gital ceft by flap and !rv:cn‘lﬂ.lplulmurcmmmmhrdnnwntnv
plite fixation of the transferred diglt to thumb metacampal and tremfer of the long Bevor of the
transferred fndex finger to the fevor pollichs longut motor




RECONSTRUCTIVE PROCEDURES FOR MUTILATING INJURIES

Fra 183
Polllchmtion of an index finger
G H 1, Radi h3 are self- y

:wrupouﬁlommn.(f.em.



Fo. 134
Peltichation of the middle fnper
A, B, Hand remmnt afier arcular syw scodent.  Thumb and index fingers
missng, alvo most of the muddie finper
C D Afer fint stag. of transfer of mddke flager stump.  An anghed plake wat
wsed 1o fit the provimmt phalans to th. carpus at this stage  Appoution was st
smperfect, so rotation osteotomy of the nng and Itk fingers was carried owt
F F Fiat rewlt G H Radwgraphs before and afier tamfer of the dipit
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of the Udoop to make separate and approprate lengths of soft tissue extension
on the thumb and finger base  (5) bone grafts to both digits

Stage 5 Restoration of Semsory Function —Though this method of
reconstructing & thumb was commonly applied to war time mjuries the
development of other procedures, especally pollicisation of a finger has
reduced the frequency with which 1t 18 used The chief disadvantage has
been that of sensory deficiency The development of the island flap transfer
however (p 208) brmgs new possibilities to this method, and 1t can well be
added a5 a fifth stage of this programme 1 the case of a thumb extension !
An area of mnervated skin from the pulp of another finger 1s transferred
to the essential sensory region of the reconstructed thumb on a neurovascular
pedicle. This may well restore the method to a position of favour

POLLICISATION OF A FINGER

Where the thumb 1s missing, the advantage to the individual of transferring
the mdex finger to the site of the thumb should be considered  This 1s now a
welbtned operatton  Though various methods of achieving this end have
been described, they generally involve at least two stages Each procedure
however 13 largely a matter of surmcal opportumism

Some degree of movement can be retained 1n a transferred finger and what
s more important, the index finger can be transferred with 1ts sensory innervation
ntact. Thus is possible because the common volar digital nerve can be separated
nto its digital components well proximal to 1ts bifureation

The results of this operation for well selected cases have proved most
satisfactory At one time we were disinchined to interfere with a normal
index finger and only considered pollicisation when the index finger itself had
been damaged (Figs 182 and 183) However the method has proved so
effective and safe that 1t 1s now done 1f the indications exist even 1f this means
moving a normal finger

Pollicisation of a toe 1s an interesting suggestion and an ingenious feat of
endurance for surgeon and patient It cannot be seriously regarded as & practical
contribution 1n the face of the alternatives which exist

DEEPENING INTERDIGITAL CLEFTS

Any approach to this type of surgery with fixed 1deas can eastly lead the
surgeon 1nto long and difficult procedures when a stmple and effective onc-stage
Operation 1s staring him n the face. Pinch function 13 often well restored to
the palmar region by fashioning clefts between individual metacarpals. Thus
18 generally applied to increase the freedom and usefulness of the mobile first
Metacarpal (Fig. 185) Even where there are no digital remnants this type of
gJPCrHUOn 13 often most effective, giving some value to an otherwise useless

Pper (Fig. 186) The methods of achieving this end are protean, and 1n
;f’mc cases it is well combined with extension or reconstruction of opposition
cments (Fig. 187)
' Littler W Personal communication.
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Fro 1853

Msaking an jnterdigits] cheft
A, Hand remmant with no value after machine gocldent.

B C, Afer establahing a cleft between the thumb remoant and the third mtuarml-ont

operation  The metacarpal was removed with fts attached interosscous muncles,

-ddmormmcbmnpmlhmrphMcrmdep:hndcmlﬂapbfm@nhmﬁndrckﬂ
and the remaining areas covered by local flaps and free grafts.

PROSTHESIS
Where the thumb only 1s present and other fingers are missing, a mechanical

prosthesis 15 of more value than surgically reconstructed digits in certain
individuals and occupations (Figs 188 and 189)



ES
NSTRUCTIVE PROCEDURES FOR MUTILATING INJURI
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e
e

Faa. 185
Makiog an loterdigital cleft
A, Hand remnant with no value after mechine accident,

B C, Afer astablishil lck{tbcﬂmtbc(hmnbmmmundﬂuthlrdmumﬂ

operation. Thattwtlrlg was removed with fts attached nterosicous munckes.  The

udd\r(o-rpomcbmlpllnhmumnmo(ha dcpth.-dom ﬂprrou(htlhmu(hth:d:ﬂ
he retmalining areas covered by local flaps and free grafts.

PROSTHESIS
Where the thumb only 1s present and other fingers are missing, 2 mechantcal

prosthesis 15 of more value than surgically reconstructed digits in certam
indwviduals and occupations (Figs 188 and 189)
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Fxa 186

Hamd denvage
AD Rmdmmmﬁwmm—mﬂldnﬂm‘le
explosion.

w cotummn.
sbduction of the radial ebement by the abductor pollicis longus. The
patlent can now wsefully manipulate and grasp small objects.
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ol |

el
o

by a combination of proceduroy, |

n A, the t Indicated In B and C was obtakned
sOfT these and bone gTan cutensions of the thumb mectacamal amd from the Llnd—]

From the hand remnant shown
sciecthve removal of carpal bones,
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Fxa 188
Opposttion prosthests
A lone thumb remnant can be rendered more effective by a
ﬂ.ﬂ.cdpluﬁhuhlmhmwﬂchhcanom The prosthesis
Musirated s made In acryllc.

b ad, & bucher boy required means his knufe. The acrylic prostheus
B‘MWC‘T@?“Mrwm o bad & repirca cast in metal, C and D
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CHAPTER XVI
THE BURNT HAND

HIS 13 no place for discussion of the many general principles and probl
Toonccming burns and their management. It is our purpose o cons

the particular application of these matters to burns m a speafic regic
the hand

A wide divergence of opimon concermung the optimum local treatment
a burn s frequently noted m medical terature and at surgical discusst
Tius 18 explained more often than not by the fact that the surgeons concel
have had special expenence wath a particular type of burn under set condit
ar at & cectain phase  its chingeal history  Some have had access to spx
organusatton and facilities some have not  some have been concemed n
with children some with adults  some worh 1 modern cities, some am
country outposts  some treat cwvihan victims of industnial accidents, some |
service casualties of war-ime actions which agmin vary among soldiers, sa
and alrmen  Such diverse factors accentuate particular aspects of the ger
burn problem which embraces no end of condittons and arrangements.

1t 13 therefore a principle 1n itself that methods used in the manapemet
burns must be vanable and adaptable Reahsation of this would solve n
arguments or render them futile.

Despite our present concern with burns 1n a special area we must ck
recognise the fact that no part is greater than the whole, Whenever the
any question of threat to Iife, burns 1n a particular region even of the h
or cyes, become only secondary to the proper general management of the b
patient  With this proviso burns of the hand do warrant separnte considera’
first on account of the overwhelmmg frequency of exposure of hand

burns, and secondly on account of the havoc to function and livelthood w
may follow

THWO MAIN TYPES OF BURNT HAND

Exposure Burns —Aleng with the face, the hand s the most frequs
severely damaged regon m exposure to flame or mtense heat. Ce
rAurrs have a beanng on the natuce and management of expe
hands are penerally affected for the same remson—lac
acks of the hands and fingers suffer most damage bec
hed and held to the face and because the skin 1s so
are often only part of a more general burn w
the body surface, depending on the ntensity o
t of clothing or other protective agents %o
tions of burn shock may ensue. Modern +
1 in many works. The wide vanagion 1
¢k among burns of equivalent areas 1
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that this problem concerns far more than mere area of involvement Depth
of burn 15 no small contributing factor and perhaps 1t 15 for this reason that
badly burnt hands contmbute more to shock than their mere 4 per cent. of
body surface area might suggest Furthermore, the loose areolar attachment
of skin to under-structures on the back of the hands permuts of more than
ordinary accumulation of fluid loss 1n this region

Exposure bumns of the hand are scen among victims of  bushfires,”
burning buildings, explosions of petrol and other inflammable agents. The
airman s burn 1s a classical and frequently severc example of this type,

Contact Burns —For obvious reasons the hand far more than any body

-7

Fa 150

A fncton burn—in thes case from contact with the side of 2
rapidly revolving saw plate (iaser).

n 1s exposed to mjury by contact with hot objects or burn-producing
:gilr?ts Bungsoso cau.scdj range 1n sevenity from common houschold accidents
with spilt tea, botling fat or matchbox exploston to the childhood catastrophe
of grasping an clectric radtor clement  Such burns are common 160 :;
mdustry About 8 per cent of reported industrial accaidents are burns, Heat
metal, splashed molten metal or explosives are day by-day causes of bumdl
hands. Acid or other chemical burns, friction or brush burns (Fig. 190) an

electric contact burns produce similar Jer Local hand burne be
further comphcated by mechanical t ! same injury
moulding presses or laundry ) of the 1 -

and cnppling hand mjunies that are ~en
2



THE BURNT HAND

The features of contact burns which contrast with exposure burns and
which have a strong bearing on their management are as follows —

| They generally involve only onc hand

2. They frequently concern the palmar aspect of the hand

3 They are often discrete areas of deep burn

4 They are usually an 1solated injury and rarely part of & more extensive
burn,

There 18 rarely any threat to Iife from shock so that local treatment can be
conducted on more specific and radical lines to suit the nature of such bums

PROGNOSIS OF A BURNT HAND

As with any soft tissue injury the degree to which full recovery of function
can be expected 1s conditioned by the extent of anatomical damage and the
effects, direct or indirect of secondary wntention healing  Direct effects are due
to the amount of fibrosis or scar tissue which 1s formed and to 1its secondary
contraction  Indirect effects concern the results of immobilisation swelling
and adema or disuse. Joint contractures and deformuties muscle wasting and
fibrosis are some of them.

If therefore, the optimum 18 to be expected from any burn of the hand
1t 18 essential that no further damage 18 inflicted and that the healing time 15
minmal. The prognosis is directly related to the healing time The shorter
;1!:] 15 the less fibrosis and the less opportunity for adverse side effects of slow

1ng.

The main factor therefore, 1n the prognosis of a burn 1s the mechanism of
its healing and the time which ths takes Thus process occurs by one of two
entirely different means, depending on whether or not the skin s entirely
destroyed.  Is the sk capable of spontaneous regeneration from the whole
area or only from 1ts margins ?

s In view of the bearing this has on prognosis and on local treatment the

nosis of the depth or degree of a burn if 1t can be made, has singular
importance.

DIAGNOSIS OF THE DEGREE OF THE BURN

In exireme cases thus 1s casy but n the borderine cases which are
‘i:lmmm 1t 15 extremely difficult and can rerely be made with certainty  If the
su]lT‘ c'rl:d charred dead white and avascular or mummified 1t has obviously
mmma full-thickness or third-degree burn  while, 1f there 1s erythema or
and lhtr:;:m blebs 1t 15 obvious that circulation n the dermus 15 still active
may va bum, therefore, 15 1ot a full thickness burn  These appearances
son Ty somewhat 1n the early hours following a burn especially where the

alhml\ and where bhstering 15 concerned.
mmm:rorlunatcly meny cases show borderline features. Moreover the

N bun 15 rarely of a homogeneous nature It 1s an irregular mosaic
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of mixed areas of second and third degree.  Where the skin 1s thick, as on (he
palm of a hand, assessment of depth 1s always more difficult (Fig. 191) The
thick horny shin of a manual worker makes
this diagnosis impossible.  Absence of pun
sensitivity may be helpful 1n indicating
complete skin destruction but 1t 1s better 1n
most cases to give the benefit of doubt to a
dingnosis of the lesser degree.  Thus, manage
ment will follow one of two lines, viz.
(1) That of second-degree burns including
those of dubious nature 1n which there 18
posstbility of spontancous healing (2
that of third-degree burns with complete
skin destruction incapable of spontancous
epithelizlisation

TREATMENT OF A BURNT HAND

If the pgeneral arrangement under this
heading reproduces that of the book as a
whole 1t serves further to emphasise how
the same generaliies underfie the surgical
where the skin s thick In this case management of all soft tissue injunes. The
the two "h"‘de:“““ would sppear  nroblems of local tissue damage, healing and
h, spontancoasly b repair vary but Iittle with the agent or
within two weeks, Le. skin  mechanism of destruction

h s not destreyed. The principle of organisation ts reiterated
o 15 that of continulty in management It 1s assumed that proper surgical
conditions and ability are available.

FIRST AID AND CASUALTY TREATMENT

It 1s not good policy to teach that any burns of the hand are of minor
nature In addition to the non specific indications for any burnt patient, first
aid should be limited to the provision of a clean f not stenle cover with a
mimimum of local handling and interference unti! facilities for proper pnmary
treatment arc available  There must be no time lost tn making proper anti-shock
measures available to any severely burned patient and this aspect must always
take precedence over early local treatment.

PRIMARY TREATMENT
SECOND-DEGREE BURNS AND Burns oF Dunious Dremi

Here the object of local treatment 18 to fachitate normal healing by
preventing or reducing all known factors which can delay this and so make for

abnormal healing.
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The rate of normal spontancous healing of a second-degree burn will
depend on the depth of the burn because the amount of undestroyed epithelium
fcom which regeneration must occur duminishes the deeper the burn extends
through the dermal layers, Any agent or complication which adds further
epithelial destruction must be avoided  Sepsis1s outstanding among such causes
of delayed healing.  Local primary treatment thercfore, 15 best directed to the
prevention and control of secondary {nfection of the burnt area.

A second-degree burn will do well under any clean method of treatment.
There 1s & vast difference in prognosis between a burn which {s not secondarily
ffected and one which ls  Sepsis may so add to epithelial destruction that a
second-degree burn which was capable of sponiancous healing 1s converted 10
a third-degree burn, /e, an area of complete skin loss which can only heat
from its margins The prevention of sepsis in burns and 1ts important
ramifications have been fully investigated and arc discussed by Colebrook !
We uphold fus umportant teaching, and with minor voriations practice the
method of local treatment which he advocates

When and only when the patients general conditton 15 under control
the local treatment of the burnt hand 1s conducted on the following
panciples —

CLEANSING —The part 15 washed over with 1 per cent solution of Cetavlon
using gauze swabs  Blisters may be opened with scissors and loose skin shreds
removed  This does not mean peeling off large areas of protective epithelium
Dead skin 1s a udus for infection, and the exudate of a burn 15 a good culture
mediom, whether contained wathin blebs or saturating a warm dressing.

DressiNgG —The burnt areas are covered by a single layer of tulle gras,
Tius v non-adherent nnd allows free escape of exudate to the outer absorbent
dressing made up of many layers of flat cotton gauze The hand and fingers
are then bandaged firmly but not tightly with sterile crepe bandages using
small bandages around each separatc finger Outside this, large masses of
wool are arranged and further firm bandages applied Bandaging must be
done with care and precision for though pressure 18 useful 1 controlling
cxudate and edema 1ts dangers must be properly realised to avoid
arculatory embarrassment to peripheral areas  With this 1n view 1t is best
{0 incorporate the whole hand 1 a pressure dressing, no matter what area of
1t 13 burned

Ioi0BILISATION —The hand 1s immobihised in the postion of function
Ealy heallng rather than early moverment should be the abject of early
treatment

If the wrist 15 uncontrolled o patsent will generally hold the bumt hand
with the wrist flexed  This avoids activity of the dorsal tendons and relicves
E;:n From this posture with dorsal shin on tension hyperextension of
mnmﬂaﬂg&l JC;IHIE cl; rapidly develop H?ngc the ifmponnncc of

ension and m
nming of treatreen: etacarpo-phalangeal flexion from the very
' gmmlﬁ“;ﬁ; A New Approach 1o the Treatment of Burns end Scakls  London  Fine
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ELEVATION OF THE HAND (Fig. 192) auds the control of swelling and adena
dunng early days of treatment  Pain 1s eased in the elevated pos(irc.

CHEMOTHERAPY —Rather than the local use of antibrotics on bumnt areas,
we prefer to rely on parenteral administration of penicillin n all cases of severe

Simple clevation of the band ow ar b

by plll k {gered
to the common practice of smpending plasters which in ftsell may camse
constriction and pressure effects.

burns for the first few days The subsequent use of this ot other antibiotics
should under no crrcumstances become a ritual of ringing the changes every
few days, but should be reserved for specific orgamsms and specific occasions
such as the period immediately preceding or subsequent to grafting operations.
In general appropnate dressing techniques drainage and lavage will achieve
more than anttbiotics 1n the control of surface sepuis

THIRD-DEGREE BURNS (COMPLETE SKIN DESTRUCTION)

Here 1t 1s obvious that the sooner the skin loss can be replaced the betier
will be the result. In some contact burns this can best be effected by pnmary
excision of the bumnt area and prmary skin grafting of the defect. If this ideal
of primary excision and grafting 1s to be practised the area should be clinrcally
obvious as third-degree burn  Moreover 1t must be of such size distnbution,
regulanty and situatton that it can be excised without further anatom
damage  The patients general conditron must not be jeopardised by the
procedure, and the local facilities must be suitable for such an operation. These
conditions are most commonly encountered 1n some of the more speaific types
of industnal burn of the hand A general anmsthetic 1s necessary and the
burns are excised to a healthy base Determination of what constitutes 3
Rkealthy base ts the heystone and at the same time the difficulty of this method
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Closure of the resulting surgical defect follows exactly the prnciples set out in
Chapter VL After proper hemostasis the area 1s grafted usually with split
skin. Exposed structures may indicate a skin and fat flap  The indications
of techmque, deslgn dressing and after-care pertinent to these procedures have
all been considered

Surgical excision of some burns may imply local, or occasionally complete
amputation of finger, fingers or even the hand (Fig. 193) The ndicattons for
local amputation and the trme when this should be done vary considerably
with the degrec of destruction the exact region involved and the patients
general condition and morale

Wholesale application of the method of primary exciston for all localised
third-degree burns without respect of the conditions which have been indicated
may lead a surgeon and hus patient into an unhappy predicament  There nre

Fra. 193

Indications for ampatation with focn! bores

As with infury damage to esscntial structurey of fingers
bcyolnghop: of repur Indicates carly amputation.

many areas on the hand where 1t 1s quite impossible to be sure whether excision
bas been wide of burnt tissue  Decistons as to viability of tendons and bone
In areas where they lie superfically are difficult A period of conservation
will preclude such an impasse  Whatever the value of prnmary excision of
third-degree burns 1n other areas, we have had much cause to modify our views
fegarding its application to the hand  In any case of doubtful extent we now
prefer to adopt a policy of watchful expectancy until clean demarcation allows
precise removal of what 15 dead and careful preservation of what 1s alive
b Il a conservative attitude 1s adopted the management of third-degree
urms at this stage differs in no way from that already considered 1 refation to
second-degree lesions,

ELECTRICAL BURNS
mml'nm subject warrants special discussion because most electrical burns
A n: the hand  They genernlly have an unusual depth and seventy relative
surface area involved The term “ necrosis  1s perhaps more apt than
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that of burn for these lesions  The damage depends partly on the voltage,
but the amperage, or amount of current is more important. Alternating current
is more dangerous than direct current. Its duration and the position of

contact points also affect the seventy of the burn !

Fio 1M

Electrical barps wasalted to primary exchsion

A, The indecterminate extent and imolvement of vital structures
generally render areas of clectncal pecross on the hand umsuited
to primary exasion. Early comservation i indwxated, at last

B,

graft, with gross scar contracture, affecting tendoms to

extremne focal senslthvity l;‘rocn m-:hancm of the digital ks (0
i

thumb

ndex.
G, D ﬂlemdrmdllncrinrcxcm-ndrr‘:bmmm afap
of abdommal sk, remosal of the fiexor sublimes to and
flexor profundus,

tenolysus of the

Two facts 1n the nature of electncal burns have some beanng on their

behaviour and management (1) With the exception o
tissues offers the greatest ressstance to an electnic current

f bone, skin of all the
This 15 dimmshed

Crmichley MacDomald (1935)  Inhumes from clectocity and lightning. Brit mad J 2,187

246



THE BURNT HAND

if the stin 18 wet. No matter, therefore, how small the contact pomt shin
pecrosts 1s pathognomome of SEvere necrosis in undeslying tissues  (2) Blood,
Tike cerebrospinal flmid has the lowest resistance of body tissues  Thus accounts
for the spread of damaging cflect along blood vessels which may undergo a
slow diffuse and spreadmg degeneration with secondary thrombotic changes
With a severe necrosis there 15 always the nisk of secondary hemorrhage so
that any amputation or vascular igation should be well proximal o the lesions

It it not always easy to be sure of
the limuts of these lesions, and 1n many
cases the anatormucal structures involved
m the hand are so mportant that
sufficrently radscal surgery to guarantec
1 complete excmon of all damaged
tissue 18 not always wise, /e the ideal
1s not always practicable The pnncple
of pnmary excision therefore agam
must be tempered 1n ats epplication
to mdvidunl cases, especially where
tendon, nerves and bone are likely to be

damaged (Fig. 194) 1t 1s this difficulty
of sdequate excision which has often
Jed to these burns betng regarded as

Fra 195

Apparent * spreading ” fn an electrical bom
Twom’]lgmlnerlndcwhlbumnﬁh

“spreading 7 (Fig. 195) If they are not  band. damage includes complele
excised, electrical burns are often slow S o0 ool ot o st

0 wparate ther slough, for nfection
3 gewerally absent, Healing 1s slow
and there 13 a Jarge residue of fibroms
Nevertheless we feel that a delaying policy 1s generally the lesser of two evils,
untll such time as precise secondary débridement can be carried out

een
ﬁuu:t.ppumdgullzmbhl.ndlhebum

Wiy not as & severe Inpury

DELAYED TREATMENT OF BURNT AREAS

Early After-care —This depends on the sevenity of the burn whether or
1ol infection ensues and whether or not the burn proves of second or third
degree. Most exposure burns are mixed areas varying m their degree of depth
destruction and distnbutian

Every dressing or exposure in the carly stages increases the chances of
5°rt]]0ndary 1nfection, crossanfection or reinfection  Secondary dressings should
only be done for a purpose  Most primary dressings are undisturbed for a
achﬂcond of ten 1o fourteen days, except to be reinforced or occasionatly changed
m‘d‘imzc of exudate occurs. By thus ume the nature of the burnt area

0 clearly apparent and subsequent treatment depends on the findings,

) Clean and superficial second-degree burns or burns which have already

Shw‘dpﬂbﬁnly excised and grafied will be healed  All recently healed arcas
Q €pt covered and protected until stability 15 ensured

Decper second-degree burns will not at this stage be healed but
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that of “ burn ™ for these lesions  The damage depends
but the amperage or amount of current 1s more important

partly on the voltage,
Alternating eurrem

1s more dangerous than direct current  Its duration and the position of

contact points also affect the seventy of the bum !

Fro. 14

Elcctrical burms onsuited to primary exchbon
A, The indetermmte extent and imohement of vital structores
generally render areas of ekectrical ecrosss on the hand poswted
to primary cwwon.  Early comenation s indxated at keau
untt the extent of necrosds s declared and separation commMEnCTs.
B, The hand healed after separatron of the slough and sphit+hm
raft, with groas scar contracture affeciing tendom to and
cxtreme Jocal serutnaty from tmolserment of the dipital nenes 10
thumb and index.

cD Thcendrcu.ﬂlnﬂ:r.cua:nmudrg‘bcrﬂrru ﬂun-‘KT,'
s to ) X

of abdorrural skin, removal of the flevor sul
tenotyus of the fievor profundus

Two facts i the nature of electrical burns have some beann

g on thar

behavious and management (1) With the exception of bone shin of all the

tissues offers the greatest resistance to an electrc current

This 15 dimmshed

Cot ey MazDomald (1935). Inyunes from clectrcaty and bghtming 8 mald 117
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of the skm 1s wet. No matter, therefore how small the contact pomt, skin
necrogs Is pathognomonie of severe necrosis m underlying tissues  (2) Blood,
Iike cerebrospimal flmid, has the lowest resistance of body tissues  This accounts
for the spread of damaging effect along blood vessels, winch may undergo a
slow, diffuse and spreading degeneration with secondary thrombotic changes
With a severe necrosis there 1s always the nisk of secondary hemorrhage, so
that any amputation or vascular ligation should be well proxumal to the lesions
It 15 not always easy to be sure of
the imsts of these lexons and in many
cases the anatomucal structures involved
1 the hand are so important that
sufficrently radical surgery to guarantee
a complete excision of all demaged
tiswe 13 not always wise, {¢  the 1deal
15 not elways practicable.  The principle
of prmary excision, therefore agaun
must be tempered m 1ts application
to individual cases cspecially where
tendon, nerves and bone are hikely to be
damaged (Fig, 194) It 1s this difficulty
of adequate exciston which has often
led to these burns being regarded as
“spreading  (Fig. 195) If they are not
exersed, electncal bumns are often slow
to separate thewr slough, for infection e, fint scen the ring
55 generally absent. Healing 15 slow T STPEArES quite viablo and 1o bom
and there 1s a large residue of fibrosis
Nevertheless, we feel that a delaying policy 1s generally the lesser of two evils
until such time a3 precase secondary débridement can be carned out

DELAYED TREATMENT OF BURNT AREAS

Early After-care —This depends on the seventy of the burn whether or
not wlection ensues and whether or not the bumn proves of second or thurd
degree. Most exposure burns are mixed areas, varying 1n therr degree of depth
destruction and dustribution

Every dretsing or exposure m the early stages increases the chances of
secondary infection cross-infection or remnfection  Secondary dressings should
oaly be done for a purpose.  Most primary dressings are undisturbed for a
gchmd of ten to fourteen days, except to be remnforced or occasionally changed
ﬂm‘“ 3epage of exudate occurs By this time the nature of the burnt arca

uld be clearly apparent and subsequent treatment depends on the findings.

(1) Clean and superficial second-degree burns or burns which have already
& mgnmnnly excised and grafied will be healed  All recently henled areas

be kept covered and protected untit stability 1s ensured

(2) Deeper second-degree bumns will not at this stnge be healed, but
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cpithelabisation is scen from the many remaimng slets of epithelium 1 the
dermis. In some cases a layer of dermal tissue and adherent fibninous exudate
persists on a deep second-degree burn without apparent change for weeks. Jt
15 of advantage to remove this duning the third week when a cleavage plane can
be found which leaves a base switable for immedate grafing. This has the
advantage of preventing the gross hypertrophic scars which generally result
from deep second-degree burns of this otherwise slow healing type,

(3) Arcas of still deeper burn (third degree) will be manifest by obvious
slough formation 1n which case the object of future management s to make
good the shin loss as saon as possible [t would scem that the peniod necessary
for the separation of slough ts Jonger 1n the absence of sepsis It 13 to the
patient 5 advantage therefore to use any approprate opportunity to hasten
slough scparation  There 15 no sure means of cutting short this penod except
by exciston or dissection of slough  Pyruvic acid has been tried for this purpose,
but we prefer surgicat removal

Aware of the secondary procedures ultimately necessary for dorsal burns
m groups (2) and (3) surgeons who are expentenced 1n observation of these
mjunies and practised in shin grafting techmiques may take a more active line
of treatment with much advantage As soon as the extent of the burn becomes
obviously one of deep second (or third) degree whether or not there may be
o few dublous or viable areas, 2 formal exciston down to the areolar plane
which overlies the tendon system 1s carried out and a well-cut thick spht shin
gralt 1s apphed Thus an excellent finite result is achieved 1 a mimmum of
time uncomprorused by any scar of spontancous healing or the need for
ntermediary stages of palliative grafling

In some areas a frank secondary excision of the nrea now obviously mamfest
as a third-degree burn may be practised  This, however must be applied with
caution where deep structures are likely to be exposed without cover by soft
tissue or granulatton  For most cases a regime of baths and wet dressings
during the later period of slough separation facilitates the process, and it 1
well suited to early conditioning of the granuloma for a skin graft  Afternating
days of hypertanic satine and cusol packs bencath pressure bandages make a
good routine after a daily hand bath of hypertonic saine  Third-degree bums
are usually ready for skin graftng dunng the fourth week ofter injury  Thete
are two areas of the hand where this perod of slough separation 15 longer
if delayed débndement or dissection 1$ not practised  These are (1) Deep
burns on the palm of the hand where tssue is destroyed down to the level of
the palmar aponcurosis from which dead arcas are slow to demarcate  (2) deep
burns on the dorsum which mvolve the extensor tendons, bone or joints  Not
anly 15 it diflicult to determine the depth and extent of these burns but the
hines of demarcation develop slowly  The rate of separation vancs in difTerent
tissues and regions depending on the biood supply

Though secondary débndement and slough cxcision have a nghtful place
in the carly secondary treatment of deeper burns on the hands they must e
used with caution and respect  They must do no more than assist the sclectity
of natural processes 1n diiding hive from dead  This especally apphies whete
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exposed tendons are concerned.  The ultimate results from the more
conservative management of such cases, especially m children give frequent
cause for surpnse  The 1deal of any secondary surgical débndement of a
burnt hand should be removal of all dead tissues without making the base
bleed More than a hitle bleeding indicates unnecessary damage to viable
arens. For example, the exposed surface of a tendon may appear dead, as 1t
probably 1, but 1ts deep surface with vincula or other synowvial relations
\ntzct may be very much alive and potentially a functioning umt. This has
been noted time and agam in the deep destructive radiator contact burns seen
m children

Infected Burns —For bumns which are first scen when heavily infected
more frequent secondary dressings and more persistent or specific use of
antiseptics or antibiotics are indicated. Free use 1s made of baths for
mechanical cleaning of the purulent arcas preparatory to the local use of
penicilin or other antibiotic agents appropriate to the type of infection
Persistent  infection with Gram negative orgarusms including pyocyaneus
fection 13 one of the main problems of the antibiotic era for which to date we
have l;lnd I:tc_s satisfactory remedy other than repeated physical cleansing of the
wound surface.

Preparation for Grafting —As soon as the slough 18 separated a few days
continued preparation with hypertonic saline baths and pressure dressings
conditions a granuloma for grafing. Granulation should be firm, flat bnght
puk and without profuse discharge The absence of pain 1s a valuable guide
to the control of infection  Split skin grafts are generally used to achieve
skm cover though if the discharge has been profuse, fragmented grafts either
85 patches of split skin or as pinch grafts are a good palliative to effect early
healing. S:Jbslc};;ue[ata replacement by thicker or more uniform grafts may be
necessary at a later date.

If for any reason, wounds have been granulating for |

g for long periods, a better
bate for grafting 1 provided with legs ultimate fibrosis if the granuloma 1s
Gightly curetted off Hemmostasis 1s obtamned by hot packs, local pressure and
lapse of time before applying the grafis

For still older granulating areas 1n long standing burns which have failed
10 heal in therr entirety 1t may be better to carry out a formal excision of the
HMBWnd to graft the surgical wound which 1s created
open _}(ﬁﬂmp burns of the fingers at this stage exposure of important structures
best done hor massive areas of necross may necessitate amputation  This 18
“Sccnoncdt rough joint regions because bone sepsts 15 almost certain 1f bone
m;ﬂ;ﬂredof Recently Healed Burns —Al!l recently healed areas should be
and s M:zm?{ih{m ahpenod depending on their position the subject
By application of lanoline prevents drying and cracking.

rPoselul exposure to sun should be avoded Active exercises should be
m :;ol:lc limits of function without straining and stretching, realising
suby ution 15 essentially a feature of time and not of the vigour of

Ftive or objective over activity
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epithelalisation 15 seen from the many remawung islets of epithchum sn the
dermus.  In some cases a layer of dermal tissue and adherent fibrinous evwdate
persists on a deep second-degree burn without apparent change for weels. |t
15 of advantage to remove this during the third week when a cleavage plane can
be found which leaves a base suitable for immediate grafting. Thrs has the
advantage of preventing the gross hypertrophic scars which generally result
from deep second-degree burns of this otherwase slow healing type.

(3) Arcas of still deeper bumn (third degree) will be mamfest by absious
slough formation 1 which case the object of future management 1s to male
good the shin loss as soon as possible It would seem that the penod necessany
for the separation of slough 1s longer in the absence of scpsis. It 15 to the
patient s advantage, therefore to use any approprate opportunity to hasten
slough scparation  There 1s no sure means of cutting short this penod except
by excision or dissection of slough.  Pyruvic actd has been tned for this purpose
but we prefer surgical removal

Aware of the secondary procedures ulimately necessary for dorsal bumns
in groups (2) and (3) surgeons who are expenicnced mn observation of these
injurtes and practised 1n shin grafting techniques may take 2 more active line
of treatment with much advantage  As soon as the extent of the burn becomes
obviously one of deep second (or third) degree whether or not there may be
a few dubious or vuble areas, a formal excision down to the areolar plane
which overlies the tendon system 1s carried out and a wellcut thick spht shin
graft 1s applied  Thus an excellent finite result 1s achieved in a mnimum of
time uncompromised by any scar of spontancous healing or the need for
mntermediary stages of palliative grafung.

In some areas a frank secondary exciston of the area now obviously manifest
os a third-degree burn may be practised  This, howeser must be applied with
caution where deep structures are likely to be exposed without cover by soft
tissue or granulation  For most cases a regime of baths and wet dressings
during the later period of slough separation facifitates the process and it is
well suited to early conditioning of the granuloma for a shin praft  Allernating
days of hypertonic saline and cusol pachs beneath pressurc bandages make 8
good routine after a daily hand bath of hypertonic saline  Third-degree burns
are usually ready for shin grafung dunng the fourth week after ijury There
are two areas of the hand where this peniod of slough separation is longer
if delayed débndement or dissection is not practised  These are (1) Deep
burns on the palm of the hand where tissue ts destroyed down to the lesel of
the palmar aponecurosis from which dead areas are slow to demarcate (2) deep
burns on the dorsum which involve the extensor tendons bonc or jonts Not
only 15 11 difficult to determie the depth and extent of these burns but the
lines of demarcation develop slowly  The rate of separation vares 1n dhfferent
tissues and ons d ding on the blood supply

ﬁouglrgsccondarc;x;ébndcmcm and slough exasion have a nghtful P‘h“
n the carly sccondary treatment of deeper burns on the hands they mus '
used with caution and respect  They must do no more than assist the “lmm
of natural processes 1n divading live from dead  This especially apphics »
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exposed tendons are concerned  The ultimate results from the more
conservative management of such cases, especially m children give frequent
cuse for surprise.  The 1deal of any secondary surgical débridement of a
purnt hand should be removal of all dead ussucs without making the base
bleed. More than 2 little bleeding mndicates unnecessary damage to viable
areas,  For example, the exposed surface of a tendon may appear dead as it
probably is but its deep surface with vincula or other synowvial relations
intact may be very much alive and potentially 2 functioning umit. This has
been noted time and agamn in the deep destructive radmtor contact burms seen
m children

Infected Borns —For burns wiuch are first seen when heawily infected
more frequent secondery dressings and more persistent or specific use of
antiseptics or antibiotics are indicated  Free use 15 made of baths for
mechanical cleaning of the purulent areas preparatory to the Jocal use of
penkcillin or other antibiotic agents appropriate to the type of ifection
Perustent mnfection with Gram negative orgamsms, including pyocyaneus
infection 18 one of the mawn problems of the anfibiotic era for which to date we
have had no satisfactory remedy other than repeated physical cleansing of the
vound surface.

Preparation for Grafting —As soon as the slough 1s separated, a fow days
contmued preparation with hypertoruc saline baths and pressure dressings
condrtions & granuloma for grafung. Granulation should be firm flat, bright
pink and without profuse discharge. The absence of pain 18 a vajuabls gmde
to the control of infectton  Spht-skin grafts are generally used to achieve
skin cover though if the discharge has been profuse, fragmented grafts either
as patches of split skin or as pinch grafis are a good palliative to effect carly
bealing.  Subsequent replecement by thicker or more umiform grafts may be
necessary at a later date.

1f for any reason wounds have been granulating for long periods, a better
base for grafing s provided with less ulumate fibrosis if the granuloma 1s
Lghtly curetted off Hmmostasis 1 obtmned by hot pachs, local pressure and
tapse of time before applying the grafts.

For still older granulating areas in long-standing burns which have failed
to heal i their entirety, 1t may be better to carry out a formal excision of the
area and to graft the surgical wound which 1s created

With deep burns of the fingers at this stage exposure of important structures
Open joints or masuve areas of necrosis may necessitate amputation  This 1s
best done through joint regions because bone sepsis 15 almost certain 1f bone
1§ ®ectioned,

After-care of Recently Healed Barns —All recently healed areas should be
mchcjted by dressings for & period depending on their position, the subgect
Purne. activities  Light application of lanoline prevents drying and crackmng,

urposeful exposure 10 sun should be avorded Active exercises should be
5’:{‘1@ to the himuts of function without strammg and stretching realising
o, Sear resolution Is essentially a feature of time and not of the vigour of
brective or objectve over activity
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application to burn scars  Scar problems peculiar to the burnt hand are best
covered by separate study of the disabilitics which are commonly present

The mterplay of factors which produce hand disabilities after burns are
represented schematically 1n Fig. 196 Some of these are reversible processes,
some are not It will be deduced that the ulimate result 1s largely determined
by whether or not postural deformities of joints and fixations of the intricate
locomotor complex of the hand are retnievable. If joints are not deformed
and if movements are not scriously hmuted, there 1s every advantage m
delaying secondary surgery until scars have reached a stage of matunty and
softness,  This 15 often tmpossible because function of the many small jornts 1s
so handicapped by scar that corrective operations have to be done earlter than
m other parts of the body where bigger joints are concerned

THE COMMON BURN SCAR DISABILITIES

On the Dorsum of the Hand —This 1s the common location of disabling
bun scars.  Ther seventy may be graded as follows —

Scars wHICH LiiiT FLEXION OF THE METACARPO-PHALANGEAL JOINTS —
Gillies has used the term  invisible skin loss  for the reduction of that excess
of skm area and mobulity which 15 needed for free flexion of the hand It may
only be manifest by tightness and abnorma! blanching over the knuckles when
the metacarpo-phalangeal joints are flexed (Fig. 197)

Fa 197

Tightness and bianching over the kinckles after a dorsal bara

Thhlndhtuwmedcmoofsk]nlmsdcsphcmnppu\muymll
flexion range.

It must not be supposed that second-degree burns even if they heal 1n
spumum fashion do not result 1n residual fibrosis and contracture Though
B occurs from the 1slets of undestroyed epithelum 1t does so by the
m:ry Intention process over the intervening areas of dermus which do not
the cpithelium to the surface This involves granulation and fibross,
ent of which depends on the size and number of the arcas  Thus, the
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Too carly relaxation from these principles of after-care is a potent cause of
mstability repeated breakdown and chronic ulceration

It takes many months for final resoletion and softening to fake place
belore the end result can be assessed

SECONDARY REPARATIVE SURGERY OF THE BURNT HAND

Most of the disabilities which persist after the healing of a burnt hand are
the effects of scar tissue Al of them arc at least associated with problems of

B

EARLY
GRAFTING

13en

EARLY DELAYED
FUNCTION

essens - DEFORMITY "7}

REPAR
few OPERATIONS many

qood RESULT poor
Fua, 196
Factors affecting the healing process of & bum.

sear  The amount of shin Joss and contracture and the penod of its mmm\c!cl

are the chief factors which mfluence the sevenity of any residua) handwap :ul

that has been said in Chapter \II concerming scar disabihitics has €
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applkation to burn scars Scar problems peculiar to the burnt hand are best
covered by separate study of the disabilities which are commonly present.

The interplay of factors which produce hand disabilities after burns are
represented schematically 1n Fig. 196 Some of these are reversible processes,
some aro not It will be deduced that the ultimate result 1s largely determined
by whether or not postural deformities of joints and fixations of the intricate
locomotor complex of the hand are retrievable If jomnts are not deformed
and If movements are not scriously limited, there 1s every advantage in
delaying secondary surgery until scars have reached a stage of matunity and
softness  Thus 1s often 1mpossible because function of the many small joints 1s
10 handreapped by scar that corrective operations have to be done earlier than
1n other parts of the body where bigger joints are concerned.

THE COMMON BURN SCAR DISABILITIES

On the Dorsum of the Hand —This 1s the common location of disabling
bum scars.  Their sevenity may be graded as follows —

SCARS WHICH LiMiT FLEXION OF THE METACARPO-PHALANGEAL JOINTS —
Gillies has used the term  inwisible skin loss " for the reduction of that excess
of skin area and mobility which 1s needed for free flexion of the hand It may
only be manifest by tightness and abnormal blanching over the knuckles when
the metacarpo-phalangeal joints are flexed (Fig. 197)

Fa 197

Tightuess and blanchieg orer the knuckles after a dorsal born

Thhlndhl:llomedqneoflkhloudapllemlppamdyﬂﬂl
flexion range

on It must not be supposed that second-degree burns even if they heal in
fmum fashion do not result i residual fibrosis and contracture Though
108 occurs from the 1slets of undestroyed epithelum 1t does so by the
m"y Intention process over the intervening areas of dermis which do not
cpthelum to the surface Thus involves granulation and fibrosis

extent of which depends on the size and number of the areas. Thus, the
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Too early relaxation from these principles of after-care Is a potent cause of
instability repeated breakdown and chronic ulceration,

It takes many months for final resolution and softening 10 take place
before the end result can be assessed

SECONDARY REPARATIVE SURGERY OF THE BURNT HAND

Most of the disabilities which persist after the healing of a burnt hand are
the effects of scar tissue  All of them are at least assocated with problems of

good RESULT poor
Fra 196
Factons affecting the healing process of a burn.

scar  The amount of sk loss and contracture and the period of its N“I“CTS

are the chief factors which mfluence the seventy of any residual handicap l
that has been said 1n Chapter \II concermng scar disahiliics has cd
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applrcation to burn scars. Scar problems peculiar to the burnt hand are best
covered by separate study of the disabiiiies which are commonly present

The nterplay of factors which produce hand disabilities after burns are
represented schematically 1n Fig. 196 Some of these are reversible processes,
some are not. It will be deduced that the ultimate result 1s largely determuned
by whether or not postural deformuties of joints and fixations of the intricate
locomotor complex of the hand are retricvable If joints are not deformed
and If movements are not seriously limited, there 1s every advantage in
&laying secondary surgery until scars have reached a stage of matunty and
softness.  This 18 often impossible becauss function of the many small joints 13
s0 handicapped by scar that corrective operations have to be done earher than
1n other parts of the body where bigger jomts are concerned.

THE COMMON BURN SCAR DISABILITIES

On the Dorsum of the Hand —This 1s the common location of disabling
bumn scars  Thetr severity may be graded as follows —

SCARs WHICH LiMIT FLEXION OF THE METACARPO-PHALANGEAL JOINTS —
Gillies has used the term  invisible skin loss  for the reduction of that excess
of skin area and mobility which 1s needed for free flexion of the hand It may
only be mamifest by tightness and abnormal blanching over the knuckles when
the metacarpo-phalangeal jonts are flexed (Fig. 197)

Fa 197
Tightaess and blanching over the kimckies after a doral bem
Thkhdhtuwmedeneeufskhmduphcmuppamwfuﬂ
flexion range.

It must not be supposed that second-degree burns even if they heal in
ppumum fashion do not result m residual fibrosis and contracture.  Though
mr;aoocurs from the 1slets of undestroyed epithelium, 1t does so by the
present 7Y intention process over the intervening areas of dermus which do not
the tm“':mthclmm to the surface This mvolves granulation and fibrosis

t of which depends on the size and number of the areas  Thus, the
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Too early relaxation from these prnciples of afier-care 15 2 potent cause of
mstability repeated breakdown and chronic ulceration.

It takes many months for final resolution and softening to take place
before the end result can be assessed

SECONDARY REPARATIVE SURGERY OF THE BURNT HAND

Most of the disabilities which persist after the healing of a burnt hand are
the effects of scar tissue  All of them are at least associated with problems of

EARLY
FUNCTION

lessens —

sl

REPAIR
few OPERATIONS many

good RESULT poor
Fro 1596
Fuctors affecting the healing process of & burm.
scar  The amount of skin loss and contracture and the period of 1t pcmﬂencﬁ
are the chief factors which influence the severity of any residual handicap ﬁd
that has been sard m Chapter XII concerning scar disabiliies has ¢q
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applieation to burn scars. Scar problems peculiar to the burnt hand are best
covered by separate study of the disabilities which are commonly present

The interplay of factors which produce hand disabilities after burns are
represented schematically n Fig. 196 Some of these are reversible processes
some are not. It will be deduced that the ulumate result 15 largely determined
by whether or not postural deformtties of jownts and fixations of the mntricate
locomotor complex of the hand are retricvable. If joints are not deformed
and if movements are not senously hmuted, there 1s every advantage 1n
delaying secondary surgery until scars have reached a stage of matunty and
sofiness.  Thus 15 often impossible because function of the many small joints 15
10 handicapped by scar that corrective operations have to be done earlier than
1 other parts of the body whers bigger joints are concerned

THE COMMON BURN SCAR DISABILITIES

On the Dorsum of the Hand —Thus 1s the common location of disabling
burn scars  Their severity may be graded as follows —

SCARS WHICH LiMIT FLEXION OF THE METACARPO-PHALANGEAL JOINTS.—
Gilles has used the term ¢ invisible skin loss  for the reduction of that excess
of skin area and mohlity which 1s needed for free flexion of the hand It may
only be mamifest by tightness and abnormal blanching over the knuckles when
the metacarpo-phalangeal jownts are fiexed (Fig. 197)

o 197

Tightners end bsmching over the kimackies after a dorsal bars

This Indicates some degree of skin loss despitc an appasently full
flexton range.

It must not be supposed that second-degree burns, even 1f they heal 1
ghm‘“m fashion, do not result 1n restdual fibrosis and contracture  Though
Ng occurs from the islets of undestroyed epithelium, 1t does so by the
Intention process over the intervening areas of dermus which do not

;hm‘ pithchum to the surface Tthus tnvolves granulation and fibrosis
¢ &xtent of which depends on the size and number of the areas  Thus, the
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deeper the bumn the more secondary intention healing necessary and the slower
the process, despite the fact that we are speaking only of burns of second-degree
nature  This may be the explanation of the prevalence of hypertrophic scars
n deep second-degree burns.

Tightness cracking or instabslty and vulnerability to petty trauma may
call for correction of 1nvisible skin loss, but when there 1s only some Limrtation
of Jomt range without joint deformuty there 18 no urgency for this,

Where limitation of joint range 1s more marked, scar correction 15 more
urgent because capsular contraction rapidly follows if the range 18 not
increased by early release from the scar contraction effect  These scars usually
result from deep second-degres burns and they are frequently of a hypertrophic
nature (Fig. 198)

SCARS WHICH INDUCE METACARPO-PHALANGEAL JOINT DEFORMITY —These
result from sull more severe and extensive burns generally of third degree,

Fuo 198

Hypertrephic scar on the dorsam of the hamd
Ths generally arises from burm of deep second degree where
spontancois heallng has been slow and often retarded by
infection,  Skin loss, fibrosts and contracture Immit function
and the scars are intenaely irmitable,

which have slowly healed from their perphery They do more than it
function  they tnduce deformuty In time this causes secondarv defornuty
1n other joints, which may fast become irretrievable  There 13 some urgency
therefore for correction These scars produce a charactenistic deformity
(Fig. 199) with hyperextension of the metacarpo-phalangeal joints and flexion
deformties of the interphalangeal joints  This latter component 15 1n some
cases due to actual destruction of the central slip of the extensor expansion
In addition to the effects of scar contraction in the long axis of the hand there
occurs deformuty and disability from contraction 1n the transverse axis. ’ﬂ;ls
causes tighterung and traction on the volar skin which 1s pulled around the 1510;
of the hand frequently causing adduction fixation of the thumb thmug‘il :
of the normal slack in the thumb web  There 1s also a bunching together o
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Fo 199
Charncteristic deformities nssociated with an extenive dorsal bum

The finger deformities are generally worse on the ulnar side of the hand on account
ofmmbnhyorthcfounhlnd metacarpals,

Fo 200
Typical deformmties of little finger with a dorsal bum.
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U
C e - 2
Fuo. 20t
Prup-mofmmda—lhmn(lhnhlk,mw
contracture and ks nitknats correction

Unbealed th bm'mofh:mdsmd resultlng
A, Unl ird-egree | fingers

from
B,Thchmkdmmu_mmunphd-ﬂﬂu were uaed,
C.Tb:mkamnﬂhnpgmmtd the dorsal scarring and
ation.
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THE BURNT HAND

Fro 201

Progress of severs dorsal burns of the bands, thelr sear
coatracture and its citimate correction

D E.F G, Indicate the final result after replacement of dorsal
14y by thick split-skin dermetome) npandthevohrnn
bywhofumm 'Wolfe),

(Mole I Kar Histery)
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

the metacarpal heads with loss of the normal transverse
backward displacement of index and httle finger metacarpals. palmar arch snd

These deformities are usually more marked on the ulnar side of the hand,
the ning and little fingers showing exaggeration of hyperextension (Fig. 200).
Secondary fixation of the extensor tendons with obliteration of their normal
ghding planes and surfaces contnibutes to the disability

HYPERTROPHIC DORSAL SCARS —Any of the above scars may be
hypertrophic and irmtable It 1s a paradox that the deeper burns and more
deforming scars are generally not so hypertrophic as the scars resulting from
deep second-degree burns Thus scar hypertrophy 1s exactly analogous to
the scar on the donor sites of grafts cut deeply with the dermatome It should
not be regarded as keloid

Correction of Dorsal Scars —Creation of the basic defect by scar excision
and dissection and correction of this by skin replacement are the objpects of

Fa. 202

Split-skin graft for dersl borny

A, Shows residual skin loss and tightneys following & burn,

B, Nine months after scar exchion and a thick splitskin graft cut
whh the dermatome.

treatment  The latter 15 best achieved by a thick sphit skin graft (Figs 201
and 202) unless a flap 1s required for subsequent tendon reconstruction

Scar excision must be liberal  The edges should be arranged for optimum
line of marginal scars. In some cases this might involve removal of small
areas of normal skin while 1n others 1t might be of advantage to leave certamn
arcas of scar which are bemign in their effect. There 15 a practical limit to
the area of scar which should be excised at one operation It 15 often
safer and therefore quicker in the long run to stage a scar replacement if it
extends to places about the sides and front of the hand or if all the dorsal
aspects of the fingers are nvolved  In this case 1t 1s better not to carry the
dorsal hand dissection beyond a line just proximal to the first nterphalangeal

ints
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THE BURNT HAND

The scar 13 stripped off the plane of deep fascia enveloping the extensor
tendons, without barng the tendons of their paratenon Dissection must be
done with some restraint, reahsing that ideal correction cannot always be
obtaned The temptation to complete correction by any forceful stretching or
manipulation must be resisted. A tourniquet must be used during this part of
the operation. It 1s removed for careful hemostasis  In some cases if ooze

and 1f a long tedium 1s envisaged for adjustment of a skin graft, the
tourniquet can be reapplied until the pressure dressing has been arranged

An evenly cut split skin graft of about three-quarter thickness 13 1n general
the best graft for an extenstve dorsal scar
replacement It 1s cut most evenly with
the dermatome. At least one drum (8 by
4 1) is requred—often more This 18
best arranged transversely

The hand and wrst are fixed 1n flexion
to exaggerate as far as possible the surface
extent of the defect, so that a greater area
of new skin can be let n  Hematoia 1s
the main factor conduaive to failure and
must be prevented by all refinements of
techmque (see Chapter V)

When postural deformities of joints
are associated, their correction 18 frequently
attempted at the skin replacement opera
tion Lateral capsulotomyof themetacarpo-
phalangeal joints can be done with
:gc»:ntag:f ttl;}rcough the open defect. Dis-

on of extensor expansion in the c
region may be indicated despite some extra G Mmﬂmm * m:,eh;mm
nsk to lhl: suowiuful take of the graft Here, qﬂ;%:uabn r&“’“‘mymm E‘e
agam, the optimum correction 1s not the e nmmthm‘d o
maximum correction if this tnvolves forceful the p‘:ﬂn gmbcnmmh;:hl;g.my e
manipulationsand baring of deep structures

Secondary grafts should be applied to mussed areas of the pnmary graft
23 300n as the base 15 adequate.

Second-stage operations if indicated are done after a fair interval to assess
the value of a first operation and allow a penod of hand function Separate
Mjustments 1 the region of the finger webs may be needed To these
regions the  Z principle can frequently be applied with advantage—otherwise
*parate small grafts on pressure moulds 1mprove the quality of the result.

Flaps may be needed for replacement of deeper scars for more severe burns

must be proper adaptation of margins of scar excision to the design and
dimension of any direct flap which 13 used
Palmar Scar Contractures —Flexion contractures are frequently the
‘l}llmmc manifestation of severe contact burns of the palm, and they are more
fequently seen in children In contrast to the scars resulting from dorsal burns,
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

palmar scars must be much deeper to involve essential structures. The
thickness of skin and the more hberal bulk of soft tissue permit of more
extensive burns more scar contracture and finger flexton deformuty without
damage to tendons and nerves. It 1s not uncommon for fingers to be
completely fused by scar i the flexed position (Fig. 203) and yet dramatic
results can still be obtamed by replacement of the volar skin  There is not the
same urgency to relteve such scar contracture as in the case of dorsal scars,

Correction of Palmar Scars —The essentials of technique 1n no way differ
from the case of dorsal scars except that for reasons descnibed on page 93
more frequent use 1s made of Wolfe grafts (Fig- 204) Thick split-skin grafis
are reserved for the Iarger arcas

Fro 24
Imlstdbu-nmmlhlhazu'l
amensble to correction by “Z " plastic

Fn;i:v;:r;nnq\.\ke‘hok-«km A, Long-

standin, contracture, result of & bumn m
d;ﬂdbo:vd.ull'! Tber;:.\l_hfoncw'lruvbok-skh
Is.

f long-standing
After scar dissection the Iunt of finger extension 1n casces of
dcformxt; especally those jaitated 1n childhood, 18 conditioned by micg{ bt:\m
stringing cffect of the digital nerves across the proumal finger crease i
Thus hmutatron must be accepted at Jeast for the time being. Further ex

1s sometimes feasible after a period of use and function.
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

LocALiseD Scars ON THE FINGERS AND WEBBING DEFECTS.—Linear scars
and webbed scars can often be corrected by  Z ” rearrangements, provided 1t
13 recogmised that free grafts must be used to supplement flaps which cannot
cope with the total defect.

DEEP ScARS INVOLVING TENDON OR NERYE DestrucTioN —In most of
these cases flaps are required to correct the defects whether or not subsequent
tendon or nerve reparr 1s envisaged (Fig 205)

The principles and methods of secondary repamative work relative to tendon
nerve or bone are exactly those a. described 1in Chapter XI1I

Fixed Joint Deformity —Joint deformities which cannot be corrected by
scar replacement or by secondary soft tissue procedures may call for permanent

Fio. 206

Arthrodeshs for folst deformfties
With destruction of the extensor system and dn-
organised jomts only arthrodess will relicve the
acute fiexdon deformities which develop in nter
phalangeal soints,
Aqiie flexion deformity at the proximal fnier
A p}uhnplljo&n(o?lh:hnd:th
B, After joint excinion and fixation m partlal flexson,

fixation 1 a more uscful posture. Thus arthrodes:s of interphalangeal joints
1s sometimes done by joint excision and plaster or pin fixauon (Fig. 206). In
other cases amputation of a finger or part of a finger will contribute more to
the general use and function of the hand  This especelly apphes to the Dittle

gcer[I Deformitles —In extensive dorsal bumns, finger flexion is permitted

only agatnst the tightness and taut ~ Iimited area of - 'I'lmr
1s often mamifest in a pulling bacl’ skin from over o|
the natl bed and irregular ove nal It can only

by the general procedures directed L



CHAPTER XVII
HAND INJURIES IN CHILDREN

LASS or knife cuts contact burns and the vared results of meddlesome

mterference with domestic machinery account for the vast majority of

hand 1njuries in chuldhood  The general principles enunciated concerning
the surgery of injury apply to patients of all ages, but there 15 a sufficient number
of varants 1n their application to children to warrant some special discussion.

HEALING TIME AND THE BEHAVIOUR OF SCAR

Apart from an 1nnate capacity for rapid healing 1 the young, which 1s
seen 1n relation to every tissue throughout the body there are certain mechanical
factors which differ from one age group to another in comparable njuries
These are probably the most significant features in the rapidity of healing in
children following tissue loss or destruction The absolute surface area and
depth of tissue involved 1n injuries of the palmar surface of hand and fingers
are several times greater 1 adults than 1n young children and even if the rate
of repair were the same 1n both cases the child s hand would be healed much
sooner  Indeed 1n the treatment of burns although one may have the best of
intentions for grafting the surface as soon as slough 1s declared and separated,
spontancous epithelialisation from the edges covers the small surface area so
quckly that healing 13 often complete by the third or fourth week and httle
opportunity for grafting arises.

Despite this rapidity in healing however, the mecharusm does not vary,
acept that the quantity of deep scar which results from long-continued
granulation 1n adults 18 much reduced 1n children and resolution and softening
re correspondingly quicker The scar passes through the same phases of
contraction and often hypertrophy and the effects of surface scar contractures
on Jomt posture and mobility arc exactly the same as 1n adults where the area
mrolved 13 comparable relative to the hand as a whole Once established
§car contracture persists throughout life, and although n time 1ts effects may

minmused by slow stretching of the adjacent soft tissue, we have seen little
T"_”i:ncc of any regional inerease 1n rate of growth to make good the defect
the and growth do not preclude the necessity for secondary replacement of

lissue that has been lost.

CAPACITY FOR REMODELLING AND DIFFERENTIATING
TISSUES
foHoI-]h: C‘l}paqty which is perhaps given more prominence in regard to repar
ﬂdm\,g ‘r‘ncturm scems to exist also in soft tissues in babies and young
Operations inli’r:?hba'nly accounts for most of the superior results of reparative
modiica ildren as compared with adults, and means that certain
Ons i procedure are necessary This applies particularly to flexor
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LOCALISED SCARS ON THE FINGERS AND WEBBING DEFECTS.—Linear scars
and webbed scars can often be corrected by  Z ™ rearrangements, provided 1t
15 recogmised that free grafis must be used to supplement flaps which cannot
cope with the total defect

DeEP ScARS INVOLVING TENDON OR NERVE DESTRUCTION —In most of
these cases flaps are required to correct the defects whether or not subsequent
tendon or nerve repatr 18 envisaged (Fig. 205)

The principles and methods of secondary reparative work relative to tendon
nerve or bone are exactly those as descnibed in Chapter X111

Fixed Jolnt Deformity —Jomt deformities which cannot be corrected by
scar replacement or by secondary soft tissue procedures may call for permanent

Fio 206

Arthrodesis for jolat deformities
With destruction of the extensor system and du-
organised joints only arthrodcss will relleve the
acute fiedon deformities which develop la lnter
phatangeal jointy,

A, Acute flexion def at the proximal Ioter
phalangeal joint of the ndex finger
B, After joint excision and fixation m partizl flexion.

fixation 10 a more useful posture Thus arthrodests of interphalangeal joints
13 sometimes done by joint excision and plaster or pin fixation (Fig. 206) In
other cases amputation of a finger or part of a finger will contribute more to
the general use and function of the hand  This especially apphies to the htile
finger
Nafl Deformites —In extensive dorsal burns, finger flexton 1s permutted
only against the tightness and taut effect of a limuted arca of dorsa! skin This
18 often manifest 1n a pulling back of the distal skin from over the region of
the nail bed and irregular overgrowth of the nail It can only be alleviated
by the general procedures directed to skin replacement.
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HAND INJURIES IN CHILDREN
The same applies to severed nerves, where the rapidity and completeness of
fegeneration following careful primary repair are a constant source of v ander

with the results of similar injunes 1n grown ups (Figs 203

::1209) Even if delayed repair i adult nerve injuries were sound—and we

Ene disputed this—there could be no justification whatever for 1ts application

,hcd’ﬂdm The principle of primary repair of all dvided structures, wherever

dalocal and general conditions permut, 1s one which has no exception when
ling with hand injuries 1n young children

THE BEHAVIOUR OF GRAFTED TISSUE DURING GROWTH

sm E’m 1 surpnsingly httle information recorded on this subject, but from
Pie clinical observation we have seen nothung that would lead us to believe
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tendon repair - Though we have made a regional exception to the principle of
primary repair in tidy wounds in the case of tendons severed within the dipital

Fa. 207
Primary repair of fexor tesdon Ju the finger In 2 chfld of 3 years
Both tendons were divided

index f & child srdgyrclmma'lghem l}tdlp;huﬂnxl
mo [ 2 flexor orum undos
was at primary operation. Al:;:lndmltncrduﬂuh‘eﬂcﬁm\w
0De year later

Fro 208
Primary repair of tendons and merves at the wrist ln a child of 10 yesr3
Both median and Y together with the flexor
tendons to index, middle, ring and littke 5. The fiexor pollids longrs
was intact.  All structures were repa recovery had

time motor

recovery was alto
the only residual dmabulity in the hand was weskness m adduction of the

::ﬂldvnmcd. At the end of stx months
Ltk finger

theca. such an exception cannot be justified m small chidren up to about

Sycars of age. The results of direct pimary repair n the fingers, provided only

the profundus 1s sutured are far more satsfactory than n adults (Fig 207)
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HAND INJURIES IN CHILDREN

The same applies to severed nerves, where the rapidity and completeness of
regeneration following careful primary repair are a constant source of wonder
when compared with the results of similar injunies in grown ups (Figs. 208
and 209) Even 1f delayed repair in adult nerve injunes were sound—and we

Fia 209
Primacy repatr of teadons and mtrves i the proxinl paim In & chiid of 8 years

Both semory and motor branches of the ulnar nerve were sectioned just detal
to the bifurcation of the nerve. The flexor tendoms to middle, ring and littie
fingers were also divided.

Allhemdof:hnnndnthoon}l:!:ﬂdmldkabﬂl in the band was somo
weakness in addpction of the Uttle finger
have dusputed this—there could be no justification whatever for 1ts application
to children. The principle of prrmary repair of all divided structures, wherever
the local and general condttions permut, is one which has no exception when
dealing with hand injunies n young children

THE BEHAVIOUR OF GRAFTED TISSUE DURING GROWTH

There is surpnisingly little information recorded on this subject but from
stmple climeal observation we have scen nothuing that would lead us to believe

263



SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

that the rate of growth of grafted tissue differs appreciably from the normal
Recurrence of deformuties and apparent progressive inadequacy of o graft are
invanably to be explained by the contraction of badly placed margnal scar,
or scars which represent “ missed ™ arens of the graft  These effects develop
early if they are going to occur and 1t can be asserted that if the size of a graft

be shin tendon or other tissue, 13 adequate for a full mnge of
;);'lchr;::n’tt when scar resolution 15 complete, 1t will remain so thmughouttllsrlc.
It will retgin its same proportionate smize relative to the hand as uh:t 1‘))1;:
throughout the growth period (Fig. 210)  We must be clear however 1 !
will apply only to grafts which remain viable, gain an ud:qunlc blooi nll]psrz’
and become incorporated as part of the body structure  “* Grafts ™ w Icmfcd
not viable when mtroduced or which die in siiu and fail to become incorpo
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in the body will be erther extruded, absorbed or retained as inert foreign bodues
A graft must never be regarded as & parasitic entity complete 1n 1tself If these
ponciples are accepted then 1t 15 clear that a successful graft can have no
wmdependent growth rate or behaviour A clear understanding of these basic
ideas is important 1n dealing with children s hand 1njuries which are associated
with soft tissue loss, or when the sacnficing of irreparable structures and graft
replacement are necessary to restore function There 1s no age lmut 1n
confidening methods of soft tissue replacement. The only factors which vary
with age are the mze of the structures involved and the degree of understanding
and co-operation by the patient. These introduce special problems of operative
technique and of management, but most can be solved without much difficulty
‘The results of surgery are usually much supenor to those obtained 1n comparable
procedures on adults.

INTERFERENCE WITH JUXTA EPIPHYSEAL GROWTH

Despite these observations concerning the results of soft tissue repair and
replacement, we must never lose sight of the late effects of 1njunes which mvolve
the epiphyseal lnes of bones. Despite the most perfect result of primary repair
methods 1n these regions, premature or irregular fusion of the epiphysis may
result 1n & progressive deformuty 1n the years that follow  Little can be done to
avert this, and such developments can only be treated on their ments as they anse,
with due regard for the additional effects on growth of any further surgical
intervention A long term plan 1s essential 1n all such cases and many corrective
operations will need to be delayed until these regional growth factors are no
longer operative It goes without saying that no secondary operations on bones
or jomts should be undertaken in childhood without a full understanding of
therr imphications on subsequent development.  Such considerations are,
however confined to the skeleton and 1t 18 mdeed fortunate that we need have
no such fears 1n relation to the soft tusues of the body

DIFFICULTIES OF DIAGNOSIS

The older chuld can often give a clear and dispassionate account of s
:_“J“TY He will submit readily to detmled examination unmoved by the fears
or the future and the mental shock which cloud the adult mind In younger
children however we have to rely on an uncertain history from a distracted
Parent and our own objective examimnation  Subjective tests for tendon and
Oetve injunes are uselegs and confusing 1n the early years
tcmlNOWhm 13 a full appreciation of the normal hand posture and of normal
chﬂdon lension more 1mportant than in the diagnosis of tendon 1njuries 1n small
m.fonrnm There 13 no need to lay a hand on the child to get all the pre-operative
e ﬂt]:on that is required  The extent of the surface injury together with
nm;ncc amsm and direction of the injury will indicate at once what deep

ures are suspect  The child {s then comforted by the nurse and may soon
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fall off to sleep  When quiet, the hand 1s stmpl obse

which 1t Les, and every vanation from the norsnyt;l pmrl‘;d llsnal;hri!‘puﬁ;n;zw
Finally if any doubt st} easts, hght pressure on each finger tip 1 turn will
enable an assessment of tendon tension both flexar and extensor  Eryors in
diagnosis occur when attempts are made with a struggling, crying child to nssess
the degree of active finger movement of which the chid 15 capable.

There 18 no accurate confirmatory test for nerve snjury i such children
1f the course of & nerve 13 related to the surface wound and direction of mjury,
the nerve must be presumed to be cut until its contumity 13 demonstrated n;
operation

IMMOBILISATION

We have been at pains to stress the necessity for complete immobilisation
until sound healing 1s assured  The application of thus prenciple to hand and
finger snjunes 1 babies and children of “ toddler * age may tax a surgeon's
genuity and patience to the limut.  Babies may acquire an almost complete
range of finger movement within a day or two inside a plaster which appeared
adequate. Older children may bend break or saturate thesr plasters, despite
ordinary parental care, well mside the time limit set for adequate fixation.
Lattle harm comes from this in sumple soft tissue wounds but in tendon repair
it spells disaster  The difficulties can only be overcome by a great deat more
than ordwnary care m plaster technique, immobilisation of the whole hand and
forcarm as well as the particular finger or fingers concerned and constant
personal supervision by the surgeon throughout the post-operative penod
Even greater use may be made than m adults of an exaggerated wnst posture
to keep repawed tendons slack  The capacity and willingness of parents to
watch over therr children in this stage must be carefully assessed before atiowing
the child to go home They must be carefully brefed as to what 1s required of
them and the consequences of neglect. Simply to discharge a patient from
hospital with a note to attend an out patient clinic in one, two of three weeks
15 to court trouble

TECHNICAL DIFFICULTIES IN REPAIR

As n all aspects of children s surgery these difficulties are related to the
size of the part and of the indmdual structures Fine nstruments and 2
gentle hand are indispensable.  The hand stand and sttachments (Fig. 25)11_1hrc
particularly valuable, for there 13 no room for assstants hands. J
armamentanum previously desenbed (p. 41) needs little modification uce;pi
1nt regard to needles and suture matenals used 1n tendon and nerve repait 6'0?
chuldren up to about 3 or 4 years of age we usc a very fine waxed sitk (No S
for this purpose  Beyond thus age the si1ze and strength of suture matenal o
tendon tepatc can be ncreased, and for children about 10 years we usc
same matenals as for adults.

A great deal of patience 15 0
in chuldren but no tume must be wast

ceded in operating on these smal} structurcs
ed  We may take hours over an cxtenst®
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HAND INJURIEY IN CHILDREN

tendon and nerve repair 1n an adult, but while older children will tolerate this
cqually well babies cannot safely be subjected to such lengthy procedures.
Fortunately there are few problems of bleeding and the area of dissection,
exposure and sutunng 1s less.  Even so, only an expenenced and deft operator
will be able to do all that 13 necessary 1n the short tume that 15 available to him

Despite our tnsistence that all divided structures 1n babies and very small
children be repaired pomarily whenever the condstions will permut, there will
always be a few cases where this has not been done and where teo long a penod
has elapsed for secondary direct repair of tendons to be practicable  In these
cases tendon grafts will be necessary just as i older children and adults, but
owing to the small size of the structures they can be much more difficuit. Under
these crrcumstances the palmans longus which 1s normally the first chowce for
a free tendon graft following flexor tendon injuries 1s so small and thin that
we prefer to use the rematning length of the flexor digitorum sublimus as the
grafl. This is a much better tendon for the purposs in children, and the objection
to 1ts use in adults whuch 15 based upon us size and the risk of central necrosis
docs not hold at this early age.

CARE OF DRESSINGS AND REMOVAL OF SUTURES
Constant supervision of dressings and adjustment of bandages and splints
are extremely important  The standard of care o the maintenance of surgical
dressings 10 & children s ward 15 & relable guide to the quality of 1ts nursing staff
The use of a sling which not only supports the forcarm but also s sufficently
voluminous to be folded and pinned i such & way 8s to enclose the whole arm
and hand completely 13 nvaluable  Both 1n the ward and after discharge this 1s
mamtained m posttion constantly and the parents are mstructed s to the
absolute necessity of sts continued mamtensnce mn postion at home and n
between hospital visits
It 18 not always easy to predict how a child will respond to dressing changes
and removal of sutures, particularly between the ages of 2 and 6 years
Before this there 1¢ invanably some cryng and struggling  In older children
confidence 13 easily gained, and there 13 rarcly any great difficulty  In ample
uncomplicated soft tusue wounds a little struggling 1s of no account, but when
8afis are being dressed 1n thewr early stages, or when sutures and plasters are
g removed following tendon and nerve repair such a struggle may put a
;‘;rm exd to any prospect of success and may wreck i a moment the work
weeks. In small or unco-operative children therefore, these procedures
Tqure 2 peneral anmsthete  Dressings are left undisturbed for as long as
postible and sutures are left unul healing 15 complete, so that only one
anzithesia is needed for this purpose. Following tendon repair 1t 1s our
ﬁr‘:;nm t0 Jeave dressing and plaster undisturbed for four weeks. The plaster
v cut off and the sutures removed under anmsthesia and all dressings and
nt ntare discarded  Older and more co-operative children can be managed
¢ same way as adults.
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INTERMEDIATE TREATMENT AND PHYSIOTHERAPY

In children under 4 or 5 years there are few problems of intermeduate
management which are not spontancously solved over the course of a few

Fro 211
esolt of sear correction by Wolfe grafts after kg ectstandiog
R of coatractwrs and joint deformity

and B, Show the degree of contracture following contact barms
A B 1o the patmmr surfice of hand and fingers.
T extenion afle
C, Shows rastoratson of a full range of finge In treatment
Weolfc grafts desplte a delay in
rephacement of the scar by pr ok

all joints in an
constant and 1nstinctive cfforts at movement in
:::’c‘:nu; toT:)];t even the most extensively mjured hand backrml!lowl:;zp;
child who 15 oblivious to the effects of injury make any form o !F:c)ct oy
seem futile by companson  Unless a jont itself has been the suby Lo et
injury we need never fear secondary joint changes in children to
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that we do in adults Relief of scar contractures will neardy always be
followed by recovery of a full range of jomnt movement even though years
have elapsed since mjury (Fig. 211)
Apart from the prelminary replacement of surface scar to permit repasr of
structures, we can generally proceed direct to any secondary reparative
work after the lapse of sufficient time for scar resolution foflowing imjury

RECOVERY AND RE-EDUCATION

The degres and speed of functional recovery after hand wjpury in children
8 due not only to rapid healing and a capacity for regeneration and
differentiation but also to a remarkable faculty for re-education A chid
may learn to use & transplanted musde in 8 new way within a day or two and
to a degree of perfection which would take weeks or months in an adult. Every
possible vagety of ‘trck  movement 1s rapidly scquired to compensate for
the effects of nerve lesions, and 1t may be that the extraordmary speed and
completeness which characterises motor regeneration gt this age 1¢ at least in
part due to an increased capaaity to rearrange the central pathways of peripheral
axones,

These factors serve particularly to emphasise the necessity for the utmost
conservatism in the management of hand injuries 1n early years The growing
child will find & use for every element of 1ts hand that 15 left to st, rrespective
of any ideas that surgeon or parent may have concerming the value and
appearance of the remnant.  Prosthetic auds are of little help and, mndeed rarely
necessary except sn bilateral amputations
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CHAPTER XVHI
HAND PROSTHESIS

O man made mechamsm has reproduced or ever will reproduce any

functioning semblance of the human hand  The general inadequacy of

hand prostheses underlines the importance of utmost conservation
whenever fiand amputation is under consideration Any degree of normal
hand feeling or usefulness which can be salvaged or made effective by surgsal
operauon (as windicated in Chapter XV) 1s so far preferable to any ertfichal
hand that no thinking surgeon could but err on the side of conservatism in the
primary treatment of gross hand mjury

Upper mb amputees are rarcly seen wearing any kind of hand prosthess.
Many more lunbs are supplied than are ever used  This again emphasises
their general imneffectiveness.

There 1s no end to the form of hand substitutes which have been devised
and tried through the years the world over None, of course, can serve any
sensory function  Most fail badly from the msthetic or socral standpoint
Functionally however worth-while help is derived from many mteresting
mechanisms which have been used  Some of these are of an entirely passive
nature—simple utiitarian devices attached by clips or slots to forearm buckeis
(Fig. 212) Some are of an active nature, indirectly activated in crude but often
effective degrees of simple function from the muscles of the same or opposite
shoulder The cleft hook 13 a well-known example of this type. Such prostheses
have been of great benefit to mdividuals, but the overall picture is not a
happy one.

CINCPLASTY

In companson with any mdirectly activated mechanism, cineplasty snvolves
utthsation of the muscles 1n an amputation stump to activate g prosthess.
This principle has been hitle developed or applied 1n Brtish countnes  Full
details of local development of the method arc set out elsewhere.t If a socially
presentable standard of msthetic result 1s combined with the order of movement
and function which cineplasty permits, properly sclected patients wall contnue
to wear a forearm prosthesis of this type  The hmitations of the method are
not 1n the prepamation of stable skin-tubes through the activating muscles.
This can be achieved by carefully designed flaps and we have shown that 1t
can be carried out 1 a one-stage procedure at the time of a forearm
re amputation (Fig. 213)

The limitations of the method are in the perfection and manufacture of 2
sufficiently sensitive delicate and durable mechamical prosthesis of sufficrent
xsthetic ment A prosthesis of the type illustrated (Fig. 214) myolves much
sndrvsdual time and shill 1n 1ts construcion ' We have not been able to produce
1t for more general application

' Rank & Hend 146) Cineplwstre forearm amy a0d prosth
Obwer 83 373
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SURGERY OF REPAIR AS APPLIED TO HAND INJURIES

Fuo. 213
Clacplastic smpartation
A, Before re-smputation, o
fter a onc-stage operation for re-
:‘&g‘m covanortion ot sk e Trom deaigned wiong wlth the

amputation flaps from the distal forcarm.
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HAND PROSTHESIS

BIcEPS CINEPLASTY

In recent years biceps cineplasty for forcarm amputation has been more
extenstvely developed and used by a number of American surgeons  Ono of
our associates, Mr J T Hueston ! has applied and demonstrated the particular
advantages of this procedure in well selected cases It involves using a
aneplastic motor 1n & limb segment proximal to the amputation region

After & routine of physiotherapy to build up and educate the biceps muscle
as a separate unit, & skin tube tunnel 1s constructed through the dustal portion
of the muscle after 1ts tendon 1s detached from 1ts insertion (Fig 215) Only

Fio. 213
Double exposure photograph taken with the blceps contracied and retaxed
mowinnhcnuaeolmmm!hn:dmlthmmulwdbyuBawdcucab\e(n
activate

et T R e T
the one tube 13 made and this can motivate a simple more standard and
substantial type of prosthesis with impressive effect (Fig. 216) The biceps
contraction can be used either for voluntary opening or voluntary closing of
a simple cleft hook or a more asthetic hand attachment and these can be
Interchanged on the same prosthesis.

The particular advantages of the biceps cineplasty are the power and
';:8: which can be achieved It can be built up to a pull of 50 to 80 Ib
through an excursion of 2 to 2} 1 This permits of simplicity 1n fittng and
;Tlﬂmpulaung a cleft hook mechanism and if the muscle contraction 1s used
orvoluntary clostng some proprioceptive sense can be acquired in the skin tube

Hueston,J T B -]
No 1 280,285 keps cineplasty for forearm ampuices.  Ausrr NZ J Swy May 1959 28
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Fra. 216

B o can be used o effect cither volun opening or soluntary
Koo clneplasty cloting of a cicfi-hook pronhu}u:.y

Fro. 217

ilateral amputee with bsoeps aneplity and
;Aolmdodn‘ cleft-hook e prosthews. e
A fincsae of
urycbshxgdmhubomrfmrm
o TN e N E e e
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HAND PROSTHESIS

The absence of a shoulder harness makes for a vast improvement on
standard cleft hook arrangements with more comfort and freedom of movement
In the case of bilateral amputees there 1s complete mdependence of each

Fig. 21
hmblggcgrbm?(:m for upper arm prosthesis has not yet reached 2 stage
of development for general apphcation to upper arm amputees

It 1s unfortunate that many arm smputees and their relatives are casily
and often led astray by wild clarms ot tatk of the miraculous. In face of this
the surgeon must deliberately and carcfully advise his patient 1n terms of the
cold practical reality of what 1s available to him  There are two dectsions —

1 Should a prosthesis be fitted at all? Tt does not necessanly follow that
every forearm amputee should be fitted with a prosthesis  Onc has only to
see the degree of confidence achieved with a forearm stump by childhood or
congemital amputees to realise that many could not be helped by any mechanical
apphance Others ncluding the elderly cannot reasonably be expected to
learn the use of an appliance which necessanly takes much time, patience and
applicatton  Occupation mtellectual calibre and psychological adjustment to
disabiity and deformity all influence the case for forearm prosthesis—the
decision may be for or agamnst.  What a patient expects of prosthetic aid must
be weighed against what really can be accomplished

2 What type of prosthesls will best serve the particular case? With
factors already indicated the site and condition of the amputation stump
are also important m this decision 1t may or may not be suited to a particular
appliance or plastic operation 1t may or may not be possible to alter it.

Those most concerned with gaming maximum seif help m the daily
personal routines of hfe without expecting to achieve feats of bmwn or strength
are best helped by o simple tvpe of bucket with attachments selected for therr
needs Those concerned with their livelihood as labourees or artisans need
the help of stronger mechanical devices such as the cleft hook  The

whitecoliar ” man 1n sedentary occupation 1s concerned with a socully
presentable appearance and some manipulative abuity For him, cineplasty
has 1ts place, and this approach 1s not incompatible with alternative use of
passive devices for special needs or perhaps a cleft hook for his gardemng.

The bilateral amputee raises special problems which must be answered
for the individual case Passive attachments cineplasty or vanous other
mechanical arms, each have thetr advantage for particular cases

Finally it cannot be overlooked that many people are concerned only
with the cosmetic camouflage of something which becomes objectionable to
them  The use of modern matenals and methods has made great stnides. In
this direction we are now able to make many hand amputees, especially women
happy and well adjusted citizens. There 1s no excuse to-day for tendenng a
crude glove-covered article as the best available msthetic counterpart for a
hand IF this aspect alone of the requirements of hand prosthests 1s answered
by shilful use of modern matenals, many more patients will be interested 1n

obam;lngf and continuing to wear some artifical hand or fingers (Fips 218
an
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AMPUTATION IN REOLATION TO HAND ProsTHESMIS

The so<alled  site of elecion for forearm amputation has been
claborateq in relation to standard prosthetic arrangements. 1t should not be
apphed umversally  Conservation of maximum forearm length may be better
for many If cineplasty 1s anticipated a longer stump can always be reduced

Fu 218
Cosmetic stendards of kand prosthesh
C dards B o of ;‘h:: is
commonly supplied and what an done in hand
prosthesss,

+

I amp with cipepk
Ammndmmmnldmtmouthekﬂuf‘

B, Umlateral lon with s

f
n the cineplastic operation 1s done  In some cases distal skin mayv be of
:\n};zc lln rclalfgn to sl\mbc construction  Furthermore “hh:n lllnlsscl:;::lk;g
that any prosthesis will be fitted or used especully wath t Dyl:»l | Sedentany
life maxumum forearm length may be more uscful and comforta l’c " f:hmc
leaming and steadying purposes  We have seen hutle evidence unl :hh e
crrculatory deficiency of long forcarm stumps which 1s often cr;zn:t

as an argument In favour of standard provimal forearm amputa
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