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INTRODUCTION

In paralytic claw hands of any aetiology the presence of interphalangeal
joint contractures, adaptive shortening of extrinsic flexors and the
association of hypermobile fingers have been identified as factors that
compromise results of reconstruction by dynamic transfers (Littler‘l949,
Brand 1952, Riordan 1953, 1969, White 1960, Antia 1969, Zancolli 1968,

1979, Palande 1983). Claw hands that are mobile to startwith are considered
ideal for correction., However, no exclusive study had been directed
towards the management of claw hands with the above mentioned problem
features, '

Therefore, it was decided to seleét_groups of these hands with one of the
features and study the correction using flexor motor transfers into a
different insertion site for each group.

The insertion site in the fingers chosen for the respective problems in

claw hands were:

1. The lateral band of the Dorsal Extensor Expansion (DEE) for
contracted claw hands (an Intrinsic Replacement Procedure).

2. The Al and A2a pulleys of the fibrous flexor sheath for claw
hands with adaptive shortening of extrinsic flexors (a modified
Lasso Procedure).

3. The adjacent interosseus tendons through a palmar approach for
hypermobile hands (a modified direct interosseus activation:
Interosseus Insertion).

At the Christian Medical College and Hospital, Vellore, India till date
over 9,200 claw hands have been operated upon using dynamic procedures.
This was brought about by the pioneering rehabilitation effort of

Dr. Paul Brand and his co-workers in the institution from the late
forties on Hansen's disease (HD) patients. The same procedures were
extended to claw hands of other aetiology. Of the various procedures
performed Brand's extensor to flexor four tail operation (EFAT) came to be
the workhorse of several surgeons performing claw hand correction
irrespective of the associated features in these hands. Thus, for
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comparison three control groups that had these problem features indentified
retrospectively and for which Brand's EF4T was performed nearly a decade
earlier than this study was chosen.

Deformity correction at a 2 year follow-up for all groups and the
influence of various factors on the outcome were statistically analysed.

In India, the National Leprosy Control Programme was launched in 1955.
Various donor agencies from other countries, besides the Central and State
Governments collaborate with the Health Departments and Voluntary
organisations within the country to dischargethisnmmmoth task. Inspite
of this the registered number of HD cases have been constantly rising in
successive decadal population counts, The estimated number of HD patients
was 4 million on the 1981 Census population of 683.9 million., The
deformity rate was approximately 20%. Over 70 districts in the country
had been identified as hyperendemic for HD with prevalence rates over

5 per 1000 (Christian M., 1981). Hopefully this dismal picture will be
checked by the recent change over to the Eradication Programme with its new
strategy. However, reconstructive surgery will need to be done for several
more years on HD patients in India and probably in the developing world.

It was thus natural to direct this study on paralytic claw hands due to
UD., It is also likely to be the most common cause of ulnar and median
neuropathy.

Two further reasons justified the choice:

The sensory motor deficit in the condition has always followed

a more or less predictable pattern (Dehio 1897, Brand 1952,

Karat 1972) thereby limiting to some extent the variables to be
studied and also affording a working model for change in surgical
techniques if desired.

The secondary problems that are here presented are perhaps more
commonly met with in these hands due to the insidious onset and
nature of most paralysis,

In this thesis brief mention is made of the structural and dynamic
aspects of the normal finger followed by mechanics of a claw finger, and
rationale of surgical correction as a prelude to historical review of

claw finger correction by dynamic transfers. Further on, reasons for the
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choice of these separate surgical corrections in the claw fingers with

problem features is elaborated.

The objectives behind the study were:

1. To review the literature on dynamic transfers for claw finger
correction paying particular attention to their principal
indications if any and their results.

2. To highlight the presence of associated problem features in elaw
fingers which affect the outcome of reconstructive surgery.

3. To discuss the relevance of various surgical options.

4., To analyse the extent of deforhity correction in each group of
fingers subjected to different surgical techniques and to compare
them with control EF4T groups.

5. To set down criteria for the choice of different insertion sites.,

G. A. Anderson. Liverpool 1988.



STRUCTURAL AND DYNAMIC CONSTIDERATIONS INVA FINGER

A brief review of certain anatomicaldetails of structures in the
finger pertinent to this study are provided in this section,

The motor system of a finger comprises of a skeletal structure activated
by a muscular apparatus. The skeletal structure of a digit consists of
four segments placed end to end as a chain of three joints. The
muscular apparatus consists of extrinsic and intrinsic muscles.

The lumbricals are small in size and four in numbér and do ot originate
from fixed points on the skeletal frame work. Their tendon goes volar
to the deep transverse metacarpal ligament (DIML) to strengthen the wing
tendon of each flnger on the radial side.

The interosseus muscles are seven in number, four dorsal and three

palmer, They have one or two insertions: adorsal phalangeal insertion
into the base of the proximal phalanx and the extensor insertion into the
dorsalexpansion,kthe wing tendon. The phalangeal tendons are found in the
case of the dorsal interossei only. Often the third dorsal interosseus
muscle lacks a phalangeal tendon. The palmar interossei have both tendons.
Unlike the phalangeal tendons, the wing tendons are symmetrlcally arranged,
one on each side of the digit.

At thevievel of the proximal interphalangeal joint three tendons are
distinguished in the dorsal extensor expansion (DEE), a central tendon
receiving fibres from the extensor tendon and the wing tendons and
inserting into the base of the middle phalanx and two lateral tendons
from similar contributions proceeding distally to be inserted into the
base of the distal phalanx. The lateral tendons do not lie on the summit
of the head of the proximal phalanx but are located on its sloping sides
and they slide forward in :a volar direction during flexion and backward
toward the dorsum during extension of the P.I.P., joint.

Two structures of importance in the extensor expansion are: 1. the
transverse lamina or sagittal band or dossier and 2. the oblique

retinacular ligament (Landsmeer's ligament). (Fig:l)
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FIG: 1.° Diagramatic representation of
Dorsal Apparatus of Left Middle Finger:
A-Terminal tendon, B- triangular ligament,
C-transverse retinacular ligament, D-
conjoinéd lateral band, E-medial band of
oblique fibres of intrinsic expansion, F-
central slip, G-lateral slip, H-oblique
fibres of intrinsic apparatus, l-transverse
fibres of intrinsic apparatus, J-saggital
band, K-wing tendon of interosseus, L-
phalangeal tendon of interosseus, M- second
dorsal interosseus muscle, N-Ext.Dig.
communis tendon, O-lumbrical muscle, P-
oblique retinacular ligament.

(After Smith R.J. L97™)

FI1G:2. The fibrous flexor sheath
of the finger divisable into five
heavier Annular bands and three
filmy Cruciform ligaments.

(After Hunter 1980).



The sagittal band is a fibrous sheet extending laterally and ventrally
from both sides of the extensor expansion to the volar plate of the
M.C.P., joint and the D.T.M.L. It tethers the extensor tendon at this
level preventing further proximal excursion of the long extensor. This
limitation becomes evident when the M.C.P., joint hyperextends. As the
tension increases in the extensor tendon it is not transmitted distally,
but gets diverted to the transverse lamina. The extensor tendon distal
to the transverse lamina does not remain taut and the extensor is unable
to extend the P.I.P., joint fully (Mulder and Landsmeer 1968, Zancolli
1968). Instead only the proximal phalanx gets more and more hyperextended.
The flexed interphalangeal joints will then need to be extended by the
intrinsic muscle tendon units.

The oblique retinacular ligament runs in a proximovolar direction from the
terminal phalanx crossing the P.I.P., joint laterally and ending in the
fibrous flexor sheath and the proximal phalanx. When the P.I.P., joint

is straight this ligament lies on the axis of this joint, but slides
forward in a volar direction as this joint is flexed.

On the volar aspect of the finger, the fibrous flexor sheath encloses

the synovial covered long flexors. They extend from the level of the
metacarpal heads to the distal phalanges. The sheaths are strong and
dense over the phalanges, weak and lax over the joints (Last)s There
are five annular and three cruciform pulleys (Hunter 1980) (Fig: 2). The
Al pulley for example, has an average length of llmm and an average
breaking strength of 3l.6kg (Manske and Lesker 1977), |

The lumbrical muscleé‘bring about flexion of the M.C.P., joint (Bunnell
1944, Eyler and Markee 1954, Backhouse and Catton 1954,’Long and Brown
1962, Romanes 1976) and extension of the P.I.P., joint (Bunnell 1944,
Kaplan 1950, Eyler and Markee 1954, Backhouse and Catton 1954, Tubiana
1959). Interossei also bring about M.C.P., joint flexion and I.P.,
joint extension (Romanes 1976, Long and Brown 1962, Last 1972, Kaplan
1975, Tubiana and Valentin 1964) in addition to the adduction and
abduction. The interossei produce some rotation of the proximal phalanx
which although limited is extremely important in prehension (Tubiana and
Valentin 1964).

All the intrinsic muscles in the hand have a rich sensory innervation
(Cooper 1960), and the lumbrical muscles are said to be plentifullyprovided
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with afferent nerve fibres (Cooper 1960, Jones 1966, Devanandam, Ghosh
and John 1983). EMG studies reveal that the lumbrical muscles are
active during free unloaded movements at the finger joints (Backhouse
and Catton 1954, Eyler and Markee 1954, Long and Brown 1964). Therefore
it does seem that these muscles have a role in sensing the movement of

finger joints in addition to contributing to the forces that cause the
movements.,



MECHANICS OF CLAW FINGERS

In the hand the digits adopt certain postures and maintain them against
external resistance to carry out specific functions. The integrity of
a digit rests on it structural components and they contribute to the
successful rending of desired postures. A deformity is the result of
an inability to move away from an undesired posture to a more desirable
one. The various finger deformities can be seen as specific states of
altered equilibrium. '

The movements of the M.C.P., joints and I.P., joints are normally
independent, but the movements of the two I.P., joints are limited and
flexion of the D.I.P., joint automatically brings about flexion of the
P.I.P., joint. This is because: 1. flexion of the distal phalanx draws
the dorsal expansion distally, loosens the central tendon and removes its
check on the natural tendency for flexion of the P.I.P., joint, 2. flexion
of distal phalanx tenses the oblique retinacular ligament causing this
ligament to slide forward to impart a flexion force at the P.I.P., joint
and 3. as this joint flexes the lateral tendons slide forward -and their
extending force beam is reduced (Landsmeer 1958). All these lead to
flexion of the P,I.P., joint when the distal joint is flexed. Therefore,
Landsmeer considered the finger as a bi=-articular chain comprising of
M.C.P., and é.I.P., joints. He and his co-workers elaborated the
characteristics of the bi-articular bitendinous system,

The bi-articular system will be stable in a given posture if the ratios ,
of moment arm of the opposing tendons at the two points are equal (Fig: 3).
If not the joint with the higher ratio will move in the direction of the
numerator and the other joint will move in the opposite direction, i.e.,

the system will collapse in a zig-zag manner.

— a_c
) ' K
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Fig: 3 The Stable Biarticular System. Refer text (after Landsmeer,
1961) .



He has shown that in the finger the extensor to flexor moment arm ratio

at M.C.P., joint is greater than that of P,I.P., joint. The systemtherefore
~'will not be stable in the straight position when it is controlled only by
long extensor and long flexor tendons. The increased extending force moment
at the M.C.P., joint will give rise to the characteristic claw deformity in
which the M.C.P., joint is hyperextended and P.I.P., joint is semiflexed

as the straight position is attempted (Fig: 4).

al b d
b
PiP jt
- mcep jt
Fig: U The“Coliapse of théhBiér"t'iédlar;MSystem controlléd o'ﬁf};“grlong
flexor and long extensor.  Refer text (after Lansmeer, 1961)

Thus when the intrinsic muscles of the finger are paralysed and the patient
attempts to keep his finger straight he will demonstrate such a deformity.
The nature of the defect is such that on attempting to open the finger out
the M.C.P., jointopensout more than the P,I.P., joint and even after
maximal extension of the M.C.P., the P.I.P., joint is not extended fully,
Clawing of a finger is therefore to be considered as an expression of
deficiency in the opening mechanism of the finger.

The next feature is the patient's inability to flex only the M.C.P.,

joint and inability to extend only the P.I.P., joint, For when the former
is attempted the I,P., joint flex along with the M.C.P., joint and when the
latter is attempted the M.C.P., joint extends with the I.P., joints.

Hence independent movement of either M.C.P., joint or P,I.P., joint is
impossible in claw deformity of the finger., ‘

In brief, a finger deprived of functioning intrinsic muscle clawing is the
main deformity and the loss of idepencence of movement to the M.C.P., and
P.I.P., joints is the main disability,



FUNCTIONAL DEFICITS IN A CLAW HAND

The importance and originality of the upper limb rests with the hands.
In most people hands are the basic unit of their productivity.

The primary deficits of the hand with intrinsic paralysis can be approached
from a functional (Lister 1984) or anatomical perspective. The hand
functions affected in ulnar intrinsic paralysis are key pinch, span grip
and power grip. If there is associated median intrinsic paralysis there
will be in addition to the above, loss of precision pinch, pulp to pulp
pinch and chuck grip. The anatomical losses in ulnar intrinsic paralysis
are adduction of the thumb, abduction of index, adduction and abduction

of fingers, active I.P., extension, primary M.C.P., joint flexion and
propulsion of the fourth and fifth digits and in association with median
intrinsic paralysis, loss of thumb abduction and opposition.

It might be thought that the small sized intrinsic muscles can add little
to the strength of grip if the flexor digitorum profundus and superficialis
are intact. Surprisingly however, the grip strength of the hand even
following low ulnar and median nerve palsy is decreased as much as 607 to
807 when compared with the normal side (Mannerfelt 1966, Brown 1970).
Whereas the excursion of a muscle is proportionate to the length of its
fibres, its strength is related to the effective cross sectional area of
its fibres. A workman with intrinsic palsy may thus be seriously
handicapped by the weakness following loss of intrinsic muscle power,

The common patterns of paralysis of the hand in Hansen's neuropathy is
proximal ulnar nerve paralysis resﬁlting in ulnar claw hand or proximal
ulnar nerve and distal median nerve paralysis giving rise to a total claw
hand., Occasionally distal ulnar nerve paralysis in isolation or distal
ulnar and median nerve paralysis is encountered. Rarely is radial nerve
paralysis associated with proximal ulnar nerve and distal median nerve
involvement, when it will be referred to as triple nerve paralysis,

Obviously the disability is accentuated if there are more nerves paralysed,

Briefly, the opening and encircling phases of power grip are not carried
- out in their proper sequence. The patient will not be able to grasp large
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ojects but instead push them away with his finger tips (Brand 1958).
There is a rolling effect by finger flexion during these digitopalmar and
pinch grasps. The prehensile functions of the hand are diminished.

Hand function is also monitored by the ability to feel. The sensory loss
inassociation with motor disabilities arising from defective opening,
positioning or grasping phases of grip in the activities of daily living
and vocation can lead to considerable damage to skin, bones and joints.

Patients with claw hands adopt substitute patterns of hand function by
positioning the digits in certain postures with the existing extrinsics.
The side pinch, hook grip and interdigital squeeze (Brand 195) are some
examples. They have their usefulness, but they become detrimental to
re-education following surgery if they had already become strong habit
patterns. The combined sensory-motor paralysis in claw hands can reduce
these hands to liabilities for life. A liability to permanent disability,
to frequent injury, to gradual absorption, the object of ridicule and a
subject for ostracization in an uninformed public.
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RATIONALE FOR SURGICAL CORRECTION FOR CLAW HANDS

We have seen that a biarticular system controlled only by extensor and
flexor forces due to intrinsic paralysis collapses into a claw deformity.

To improve such a situation the possibilities will be:

i) to have a third muscle or tendon motor running obliquely volar to
the M.C.P., joint and dorsal to the P.I.P., joint to produce counter
clawing stabilizing force at these joints (which is what the
intrinsics accomplish in a normal hands), and

ii) to prevent the M.C.P., joint from hyperextending and/or stabilise it
in a position other than hyperextension.

Both these situations are recreated by reconstructive surgery. The third
‘muscle is provided by a suitable tendon transfer either into the common
lateral bands of the extensor expansion (Stiles 1922, Bunnell 1944), or
selectively into the interosseus tendons (Zancolli 1968). M.C.P., joint
hyperextension can be prevented by a functional block through transfer of
a motor to the proximal phalanx (Burkhalter and Strait 1973) or attachment
of the motor to a pulley on the fibrous flexor sheath (Zancolli 1974,
Brookes and Jones 1975). |

It is known that M.C.P., joint hyperextension can be prevented by a
structural or static block either on the volar or dorsal side of the M.C.P.,
joint by the various procedures of pulley advancement (Bunnell 1948),
tenodesis (Parkes 1973), volar capsulorraphy or capsulodesis (Zancolli 1957)
and dorsal bone block (Mikhail 1964). This particular group of operations
have the major disadvantage of not providing a prime flexor with active
phase of intrinsic action in grasp and touch (Brand 1958). They do not
increase the power grip, long term recurrence is the rule, over correction
of the M.C.P., joint gives rise to reversal of transverse metacarpal arch
and flexion contracture of the fingers (Ranney 1973, Smith 1975), However
these procedures have their role when there are no motors to spare for
transfer.

Surgical correction by dynamic transfers restores stability to the proximal

phalanx in each digit and this corrects the internal balance of the arched
digit during prehension.
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Early correction is advisable. Longer duration of paralysis is likely to
cause marked changes in the soft tissue structures that envelopes a joint
and this would adversely affect the result of surgery.

Only a single extrinsic motor is used for all claw fingers needing
correction in a hand, inspite of there being many intrinsics paralysed,
Therefore the benefits and indeed the limitations are to be understood by
the surgeon, therapist and the patient themselves (Brand). Everyones
expectations will then be realistic.,
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REVIEW OF LITERATURE ON DYNAMIC TRANSFERS

In 1922 the first clinical application of tendon transfers for claw hand
correction was reported by Sir Harold Stiles and Forrester-Brown. They
transferred one slip of all the superficialis tendons in a hand into the
corresponding extensor digitorum communis on either side of the proximal
phalanx in a finger. They performed it on two cases with peripheral nerve

injuries.

Zancolli (1979) reports that in 1916, Nussbaum proposed the transfer of
two tendinous slips from the flexor sublimis tendon to the lateral band
following the interosseus tendon based on cadaveric experiments. Also

in 1924, Lexer is said to have proposed placement of tendon grafts between
each flexor sublimis from the palm to the extensor apparatus following the
route of the lumbricals.

In 1944 Bunnell introduced the principles of tendon re-routing for better
anatomical approach and definite functional restoration. He modified
Stiles procedure by re-rodting both slips of all the sublimis tendons from
the palm through the lumbrical canals and onto the lateral band of DEE.
The multiple insertions of Bumnellwere as follows: the split
superficialis of index finger to the radial side of index and middle
fingers; split superficialis of middle finger to ulnar side of index,
middle and ring fingers; split superficialis of ring finger to radial side
of ring and little fingers; split superficialis of little finger to ulnar
side of little finger. His aim was two fold, i.e., to bring about claw
correction as well as abduction and adduction of the paralysed fingers.
The latter ingenious idea was not accomplished by him, nor has anyone
attempted this till date.

Through Stiles and Bumnell's work claw hand correction became a reality.
However the procedure was beset with complications not only because there .
were too many tendons criss-crossing the hand risking adhesions but the
excessive force of all sublimis put together produced intrinsic plus
deformities,

In 1949 Littler went on to further modify the Stiles-Bunnell procedure
by proposing only the use of a single superficialis tendon comprising of
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two slips as a motor. Most often it was the middle finger superficialis.,
By then the ring finger sublimis was found to be giving excellent results
for thumb opponensplasty. '

In 1953 Riordan recommended the single sublimis transfer for paralysis
of recent origin.

It was only in 1958 that Brand at the C.M.C., Hospital, Vellore,

published a well documented series for the first time on the

superficialis transfer. He reported on 564 fingers done over a period of

9 years on H.,D., claw hands. A follow up of 2 years was found acceptable
to him. He standardised methods of pre-operative assessment, physiotherapy
and post-operative care, His series comprised of hands that had some
modification of the original multiple sublimis transfer as well as those
that had the Littler modification of only a single sublimis transfer. Post
operative results were based on his criteria that zero degrees inall joints
of an outstretched hand was to be taken as an excellent result, up to 30°
of flexion deformity without lateral deviation and intrinsic plus deformity
was good and if the finger showed improvement over the pre-operative angles
without lateral deviation even if extension was only up to 120° ¢0° flexion
deformity) was to be considered fair. In this fair grade was also added
those hands that had straight fingers but where lateral deviation and
intrinsic plus deformity were present. The overall excellent, good and
fair results amounted to 95Z. Finger closure was also excellent, good and
fair in 95%. However the fair group that had intrinsic plus and lateral
deviation was not quantified. Brand advised that this procedure be avoided
in hypermobile hands but recommended it for contracted hands. He also felt
that in stable hands the sublimis transferred with moderate tension will
give good results. A

Later reports on the superficialis transfer was that of Sunderaraj and
Selvapandian (1983). On a systematic sampling of 200 claw hands reviewed
they found this transfer gave 95% good results in the mobile as well as
contracted hands. Secondary deformities was seen only in 5%.

Anderson (1984) reviewing the single sublimis intrinsic replacement
procedure performed on established claw handswith severe contractures of
over 5 years duration, found that in a high percentage of hands the earlier
correction showed continued improvement even after 10 years follow up. The
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The sublimis as a motor was considered a continuous corrective force.

In 1947 Fowler presented his paper on the extensor indicis proprius and
the extensor digiti minimi transfer to the lateral bands of D,E.E., at the
Annual Meeting of American Society for Surgery of the Hand. He described
this procedure with the intension of limiting M.C.P., joint hyperextension
and allowing for the extensor digitorum communis to bring about P.I.P.,
joint extension (Fowler's concept). No series were reported.

It was Riordan (1953) that reported on 17 Fowler's procedures, Fourteen
patients out of this number showed good results at a three year follow-up.
Assessment criteria were not reported. He recommended this procedure for
long standing deformities and for hands with severe contractures. In fact
he felt that by limiting‘wrist flexion and M.C.P., joint hyperextension by
this procedure recurrence of the deformity will be prevented. However he
considered this operation as a tenodesis procedure,

Brand (1958) seemed to defer with the earlier reports on Fowler's procedure.
He was of the opinion that this operation was suitable only for mobile

claw hands and it was not as good as the sublimis for contracted hands.
Fairly high tension on the tendon was required in Fowler's procedure to
obtain M.C.P., joint flexion. He reported that this procedure was
disappointing for the first few months after operation.

Selvapandian (1971) commenting on the largest series of 137 such operations
done over a period of 20 years at the C.M.C., Hospital, Vellore, preferred
this procedure when the sublimis or Brand's operation were unsuitable, No
results were reported,

In 1961 Brand reported a modification of the Fowler's procedure when he
transferred the extensor carpi radialis brevis as a motor to the lateral
band of the D.E.E., through a dorsal or extensor route (EE4T). Subsequently
this Brand I procedure gave place to the Brand II or flexor route transfer
of the E.C.R.L., (EF4T). He extended the motor by a free graft: the
palmaris longus tendon, plantaris tendon or fascia lata. The average length.
of observation following surgery was again 2 years for the 861 claw fingers
reported. The method of assessment of results was slightly modified fromthe
one used in 1958 for the sublimis operations. Open hand assessmeﬁt,

lumbrical position assesment, hook position assessment, closed fist assessment
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and mechanics of closing was done. The final assessment based on
appearance and function and patients statement gave excellent and good
results alone as much as 71% and together with fair results it was 98%.
There was an element of case selection in this series, He avoided this
procedure on the patients who had contractures before surgery that could not
be corrected by physiotherapy or splinting. However he mentioned that the
defects of operation are that when a patient dorsiflexed his wrist .the
graft slackened. He also found that the extensor transfer was difficult
to re-educate after surgery.

Sunderaraj and Selvapandian (1983) compared the Brand II procedure EF4T
with the sublimis transfer. They also felt that the EF4T procedure gave
957 or so satisfactory results but most of these claw hands were mobile,

Palande ( 1983) had reported on 32 hands that had the Brand's EF4T
procedure, The appearance and lumbrical position was good or fair in 927%
of the fingers. However 187 of 128 fingers had intrinsic plus deformity
and this was found to be statistically significant.

Brandsma and Watson (1982) reporting on patients who had the Brand II

EF4T procedure under the ALERT programme at Ethiopia showed that in 57hands
that had no contracture excellent, good and fair results equalled 81,7%..On
close study of this report it was surprisingly noted that in 39 hands that
had some contracture the results of excellent, good and fair were actually
more, 87%. However, they concluded that EF4T was the procedure of choice
for their patients with mobile paralytic claw fingers.

In the mid sixties Lennox at the C.M.C., Hospital initiated the palmaris
longus transfer as a motor to the lateral band of the extensor expansion
(PLAT) .

Fritschi (1971) popularised this transfer at the Scheffilin Leprosy
Research and Training Centre, Karigiri, near Vellore, India.

Selvapandian (1971) reported satisfactory results in 25 claw hands that had
this operation. He felt that it worked by a tenodesis effectrather.thanas..

an active motor.

Antia (1969) reasoned that by the use of palmaris longus as a motor there
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was direct line of its required pull to achieve mechanical advantage and
also this prevents adhesions. Fourty eight operations were reported by him
with 29 showing excellent results, 12 with satisfactory outcome and six
being poor. No criteria for evaluation were given. He felt that the
result of the operation was not by a tenodesis effect since active flexion
of the M.C.P., joint was seen without extension of the wrist.

In 1959 Riordan proposed the transfer of the flexor carpi radialis tendon

to the dorsum of the forearm and inserting the slips into D.E.E., of the
fingers., He was of the opinion that in long standing claw hands where there
was marked flexion deformity of the wrist due to F.C.R., the transfer of
this tendon will weaken wrist flexion but overcome the compensatory
hyperflexion deformity. There are no series on this proposal,

In 1968, 1970 Zancolli proposed a new site of insertion. He called the

transfer of a motor to the interosseus tendon by approaching these through
the palm as direct interosseus activation. He divided the D,T.M.L., to
accomplish this. His principle indication was to provide M.C.P., joint
stability, strength and better pinch grips to the index and middle finger.
Writing about this in 1979 he stated that through this insertion the traction
is distributed over a large area of extensor aponeurosis and the proximal
phalanx. Also he had shown that the interosseus tendon had a smaller moment
arm thus reducing the force to be transmitted distally,

Palande (1983) reported on 16 hands in which the direct interosseus
activation was done using the E.C.R.L., as motor with the intention of
correcting claw fingers and the reversed transverse metacarpal arch in these
hands. ‘He found that the deformity and disability were corrected in 857 of
fingers, By this method there was a significant reduction in P,I,P., joint
post operative hyperextension.. The inverted V-loop formed by the
interosseus tendon passing dorsal to the D,T.M.L., and the transferred slip
passing volar to the D.T.M.L., prevented proximal extension of the transfer
and a lesser chance for middle joint hyperextension.

In 1973 Burkhalter and Strait described what they called the
metacarpophalangeal flexor replacement for intrinsic muscle paralysis.
Either a flexor superficialis or a radial wrist extensor or brachioradialis
extended by a free graft was transferred to the middle third of the radial
side of the proximal phalanx. A transverse drill hole on the bone enabled
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the tendon to be anchored as a pull-out stitch. The authors felt that all
the transfers were synergistic with finger flexion. They demonstrated
normal phasic motor units by electromyography in the transferred motors.
Minimal training was required after this transfer. Exact evaluation of
their 54 patients was found to be difficult because several of these
patients needed other forms of surgery before this reconstruction. They
have done them for brachial plexus injuries and for various combinations of
median and ulnar nerve lesions in the forearm. Fifty-one of their patients
had successful results. Loss or decrease of clawing deformity, improved
flexor pattern of the fingefé and improvement in grip strength were the
parameters they studied. There was no intrinsic plus deformity in any hand.
" They discussed that their procedure had a sound biochemical basis since the
moment arm of the transferred motor across the volar aspect of the M.C.P.,
joint was greater than normal and this allowed for the P.I.P., joint to be
extended by the long extensors while:the M.C.P., joint was kept in mild
flexion, or was prevented from hyperextending.

In 1969 Riordan proposed a different insertion. In the patients who
normally had hyperextensible P.I.P., joints (hypermobile P.I.P., joint) he
suggested that the insertion be made into the small slips of annular
ligament of flexor tendon sheath and this will prevent the hyperextension or
swan neck deformity seen as a complication of these tendon transfers.,

In 1974 Zancolli, perhaps taking a clue from Riordan's 1969 proposal on
annular pulley insertion, described the direct and indirect Lasso

procedure, By direct he meant the transfer of the superficialis through

the Al pulley and resuturing the tendon onto itself, In the indirect
procedure: when there is no active sublimis tendon a forearm motor either

a flexor or extensor was extended by a free graft to be transferred to the
same site. The removal of the superficialis was carried out by dividing the
A2 pulley on one side. He described several variations: the use of one
superficialis divided into the desired slips instead of removal of all
superficialis: the use of paralysed superficialis as a graft, by connecting
their proximal ends to available motors as for tetraplegics. He emphasized
that this procedure corrected claw deformity by preventing proximal phalanx
hyperextension while producing a powerful intrinsic plus position of the
finger at any angle of flexion of the M.C.P., joint. He felt that the
procedure restored simultaneous digital flexion by the proximal phalanx which
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allowed cylindrical objects to be embraced by the whole of the palmar |
aspect of the finger and added strength tograsp and pinch function. These |
effects were all active and were demonstrated by electromyography.

Shah (1984) reported 15 ulnar claw hands where correction was attempted

by a loop of superficialis as in Zancolli direct Lasso procedure. There
were no criteria for selection or assessment. Twelve hands were |
considered good. The poor results in three were attributed to pre-operative -
proximal P.I.P., joint stiffness.

In 1974 Brookes and Jones described what they considered a new intrinsic
tendon transfer for the paralysed hand, but it differed from Zancolli's
procedure only in that the distal half of the proximal annular pulley was
used to transfer any available motor unit extended by toe extensors if
necessary. The difficult part of their description was the maximum flexion
they advocated for the wrist to be immobilised in after surgery. No series

were reported on.
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REASONS FOR CHOICE OF DIFFERENT PROCEDURES IN PRESENT STUDY

Tendons acquire drag and resistance to movement if they remain in any
dégree of disuse (Brand 1985). In claw hands the extrinsic flexors are
not used to their full potential and they are not stretched to their total
amplitude., When a range of motion is not used it will be gradually lost.
Eventually péra articular adverse structural changes develop and claw
fingers become overshadowed with secondary problems.

A relétively mild form of such secondary changes is the presence only of
adaptive shortening of the extrinsic flexors. This is observed most
frequently in the sublimis tendons. The constant use of the hands with the
wrist in flexion produces a tenodesis effect on the fingerextensors thereby
permiting some opening of the fingers by extension at the interphalangeal
joints. It reflects the balance of the viscoelastic forces about the hand.
In the long run marked adaptive shortening of the sublimis occurs and these
hands manifest excessive P.I.P., joint flexion angles when attempts are made
at dorsiflexing the wrist even to a mild degree.

The severe form of secondary changes is the presence of capsular, volar
plate and skin contracture in addition to the flexor tendon shortening. The:
different structures contributing to contractures in the finger has to be
identified by physical assessment to plan out management.

Apart from the changes on the flexor side in the above two situations, the
extensor apparatus over the P,I.P., joint may become stretched and not allow
the long extensors to transmit their force at this joint. The finger
develops an assisted angle which is evident while stabilizing the proximal
phalanx and noting the patient's inability to fully extend the finger.
However, passive extension of the P.I.P,, joint is possible,

Hypermobile fingers on the other hand can be considered more or less the
opposite of the above situations. They do not develop after paralytic claw
fingers, but are inherent in certain individuals who incidentally develop
claw hands, Brand (1958) had mentioned that hypermobile hands are very
common in Indians,
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Presumably this is a racial characteristic. It would be interesting to
know the incidence of this in the general population through a study and
by that to differentiate it from clinical syndromes where hypermobility is
one of the features. These hands have very supple fingers, demonstrable by
excessive recurvatum at the P.I.P, joint by passive extension of the
fingers.

The method of management of these problems so far has been by extenéive
pre-operative physiotherapy for the secondary changes of adaptive shortening
and contracture angles together with increased tension on the tendon slips
at the time of their insertion during surgery. This is usually followed by
equally protracted and detailed physiotherapy and occupational therapy.

In hypermobile hands the only pre-operative physiotherapy is isolation
exercises for the muscle to be transferred. During surgery the tension on
the tendon slips is deliberately reduced.

When intensive physiotherapy is carried out with the aim of reducing
secondary changes the tendons on the flexor side are likely to develop
creep. Brand (1985) had defined creep as a gradual irreversible state of
lengthening that follows serial stretching under tension, |

The interphalangeal joint subjected to these exercises can also develop a
reactive synovitis with periarticular oedema and fibrosis. The result of
these changes may leave a weak and considerably stiff hand although the
secondary changes may appear corrected,

Tension adjustment techniques for the variable contractures also have

their problems since the rheological factors in the long flexors of claw
hands are not known. The required tension that the surgeon deems necessary
for a particular hand may be far too excessive or even fall too short of the
optimum, In hypermobile hands the reduced tension that is recommended may
actually be inadequate and even if normal tension is used it may lead to
overcorrection. Thus a certain guess work or empiricism is often involved
in tension adjustment techniques in all the three situations during claw
corfection,
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With this background, claw hands with contracture angles corrected
pre~operatively by physiotherapy had the intrinsic replacement procedure,
i.e., insertion of the tendon slips into the lateral band of the extensor
expansion of each finger with removal of the slack. One of the
superficialis tendons either from the middle finger or ring finger was
used. The reason for this was that the superficialis tendons are anyway a
deforming force, they were used here as a corrective force. By this
insertion, M.C.P., joint flexion and P.I.P., joint extension is intended by
virtue of the tendon slips being volar to the D.T.M.L., and by its
attachment to the distal part of the lateral band of the dorsal extensor
expansion.

For a claw finger with adaptive shortening the Al pulley and proximal half
of the A2 (A2a) of the fibrous flexor sheath was used as theinsertion. The
tendon slip was swung around these pulleys and sutured on itself after
removing the slack in the tendon (Modified Direct Lasso Procedure), This
insertion provides M.C.P., joint stabilisation to permit P.I.P., joint
extension by the long extensors. The superficialis motor was used here as
well for the afore mentioned reasons, Since the hand in H.D., patients
does not recover from their sensory loss it was felt that a phalangeal
insertion may bring about neuropathic disintegration in the M.C,P., joint
eventually and so this was not given any consideration.,

For the hypermobile hands a more proximal attachmentof the motor slip into
the adjacent interosseus tendons in the palm was used (interosseus
insertion - a modification of Zancolli's direct interosseus activation).
The moment arm of the interosseus tendon is much smaller than any other
structure passing volar to the M.C.P., joint (Fig: 5). For this reason
there will be a reduction in the relative extensor force acting on the
P.I.P., joint and possibly prevent overcorrection,

Any restoration of new function always requires a difficult apprenticeship
from the patient. In all the three procedures one of the flexor motors,
either the superficialis or palmaris longus was used., The simple reason
for this was to avoid the elaborate post=-operative re-education programme
essential after a wrist extensor transfer. Brand himself found re-education
to be difficult following wrist extensor transfers (Brand 1961).
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Further, reinforcing the decision for the use of flexor motors was
SteindlerVs (1939) firm opinion that any muscle in the upper limb, could
be transferred to provide a different function, and according to Boyes (1960)
the role of synergy at the level of the hand is far from outstanding since
in this area all usual motion is predominantly voluntary and in direct
relation with the brain. He quotes Beevor who had written that "_the

brain only knows function - not individual muscle action®,.

Different moment arm forces of structures passing volar to the centre of
the M.C.P., joint "0O"l"a" from the fibrous flexor sheath, "b~” from the
deep transverse metacarpal ligament and "c* from the interosseus tendon.
Refer text (after Zancolli E-A., 1979)
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MATERTALS AND METHODS

Since July 1981 all Hansen's disease patients with claw hands referred

- directly for reconstructive surgery to the Christian Medical College
Hospital, Vellore, India or referred from the Leprosy Control Programme

in the region supervised by the Community Health and Development Project
(C.H.A.D.,) of the C.M.C., Hospital, were examined and assessed for the
presence of P.I.P., joint contracture angles or adaptive shortening of the
extrinsic flexors or hypermobility of the fingers. The clawhands whichhad
one of the above mentioned problem features were considered as separate.
study groups.

Eighty fingers of twenty hands operated in each of three study groups during
the period between July 1981 and December 1984 were compared with three
other groups of hands with similar problems but identified retrospectively
from completed records during the period between 1971 and 1975, serving as
controls. Whereas in the study groups all had different insertion sites for
their flexor motor, in the control groups all had the Brand's EF4T operation., -

The records pertaining to these two major groups were complete for the
different periods of surgical treatment and for the two years followup. All
the patients were Bacteriological Index negative by skin smear technique at
the time of surgery. They were also under adequate anti-HD mono or multi
drug therapy.

Group I

Claw hands with P.I.P., joint contracture angles of over 10° in two or more
fingers of a hand were considered contracted hands. They formed study group
I. These twenty hands belonged to seventeen patients, in three of whom the
problem was bilateral. There were fifteen males and two females. The mean
age of this group was twenty-nine years with an S.D., of ten years. Twelve
of the patients had borderline H.D., three had the tuberculoid type and in
two it was primary neuritic H.D. In fourteen hands the paralysis was of the
combined proximal ulnar and distal median nerve type, in five hands it was
isolated proximal ulnar nerve paralysis and in one hand a combined distal
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ulnar and distal median nerve péralysis. There were thirteen right hands
operated in this group. The mean duration of deformity was fifty-eight
months with a standard deviation of forty-nine months. Nine hands had
deformity for over five years prior to definitive surgery. The Stiles
Bunnell procedure as modified by Littler and Riordan was done onthese eighty
fingers. Adjuvant procedures were done in eighthands: opponensplastyusing
the F.D.S.R., in these eight hands together withBoutinniere correctionof a
middle finger in one hand, I.P., fusion of a thumb in onehand and contracture
release of two fingers in another,

Group II

Claw hands with passive hyperextension at the P,I.P., joint exceeding 20°
with variable degrees of laxity in other joints of the hand were considered
as a hypermobile group. They formed study group II. There were twenty
patients with hypermobile claw hands. Twelve were males and eight females,
The mean age of thesepatientswas twenty-seven years with an S.D., of ten
years. Nine of them had been affected with tuberculoid H.D., in eight it
was borderline and in three it was primary neuritic H.D. In sixteen hands
the paralysis was of the isolated proximal ulnar nerve type, in three it
was combined proximal ulnar and distal median nerve paralysis and in one it
was distal ulnar nerve paralysis. There were eleven left hands and nine
right hands operated upon. The mean duration of deformity was thirty-six
months with an S.,D., of twenty-four months., In three hands the duration of
the deformity exceeded five years. The palmaris longus motor was extended
by a free graft in sixteen hands and the F.D.S.R., was used as a motor in
the other four hands. These tendon slips were inserted into the adjacent
interosseus tendons and the dorsal interosseus tendon on the radial side of
the index finger, through a palmer approach (Interosseus Insertion:
Modified Zancolli-Direct interosseus activation). In three hands adjuvant
procedures were done comprising of extensor indicis opponensplasty in two
and F.D.S.R., opponensplasty in the other. Tenodermodesis was done on the
ring finger D+I.P., joint in a hand that had opponensplasty,

Group 11T

Claw hands with adaptive shortening of the extrinsic flexors as seen by the
P.L.Psy joint flexion deformity that increased as the wrist is extended above -
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the neutral position but where there is no joint contracture comprised
group III, There were twenty hands from twenty patients. There were
fifteen males and five females. The mean age in this group was twenty-six
years with an S.D., of ten years. In nine hands the paralysis was of
isolated proximal ulnar nerve type; combined proximal ulnar and distal median
was present in ten and in one it was due to distal ulnar and distal median
nerve paralysis. Right side involvement was seen in eleven patients. The
mean duration of the deformity in the group was thirty-eight months with an
S.D., of twenty=-four months. In five hands the duration of paralysis
exceeded five years. One of the sublimis tendons, F.D.S.Me, in thirteen
hands and F.D.S.R., in seven hands was used as a motor., It was split into
four tails and each of these tails were looped around the Al pulley and
proximal half of the A2 (A2a) of the fibrous flexor sheath to be sutured
onto itself (Modified Direct Lasso Operation). In twelve of these hands
adjuvant procedures were done: E.I.P., opponensplasty in five, F.D.S.R.,
oppononsplasty in four andpalmaris longus transfer to the paralysed F.C.U.,
in three hands.

Group IV

Twenty hands that had the EF4T operation but which were identified
retrospectively to have been performed on hypermobile hands comprised group
IV, There were eighteen males and one female, the female patient had both
her hypermobile hands affected by H.D., neuropathy. The mean age of this
group of patients was twenty-seven years with an S.D., of ten years., Six
patients were affected with tuberculoid H.D., nine with borderline H.D.,
and four with Lepromatous H.,D, Fifteen hands had combined proximal ulnar
nerve and distal median nerve paralysis and in five it was due to isolated
proximal ulnar nerve paralysis. There were equal number of hands operated
on the right and left side. The mean durations of deformity in this
group was ninety-two months with an S.D., of seventy-six months. In
fourteen hands the duration of deformity was five years or more., Nine of
these hands had adjuvant procedures: F.D.S.R., opponensplasty in eight and
Z~-thumb correction with F.D.S.R., in one.

Group \'

Twenty claw hands that had the EF4T operation but which were
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retrospectively identified to have had adaptive shortening of the

extrinsic flexors pre~operatively comprised this group. The twenty hands
studied were from seventeen males and two females being bilateral in one
male. The mean age of this group of patients was twenty-seven years with
an S.D., of eight yearss Ten of these patients were affected with
borderline H.D., five with tuberculoid and four with lepromatous H.D. The
mean duration of the deformity was eighty-eight months with an S.D., of
eighty-eight months. In thirteen hands the duration of deformity was five -
years or mores In seventeen hands the paralysis was of the proximal ulnar
and distal median nerve combination; and in the other three isolated
proximal ulnar nerve paralysis. The EFAT procedure was done on eleven
right hands and nine left hands. Ten hands had adjuvant surgeryof.F.D.S.R.;
opponensplasty-.

Group VI

Twenty claw hands, that had the EFAT procedure but which were identified
retrospectively to have contracture angles at the P.I.P,, jéints formed this
group. The twenty hands operated were in sixteen males and two femaless

Two male patients had bilateral claw correction. The mean age of this

group of patients was twenty-eight years with an S.D., of seven years., Four
of these patients were affected with tuberculoid H.D., eight'with borderline
H.D., five with lepromatous and one with primary neuritic H.D. In sixteen
hands the paralysis was of the combined proximal ulnar nerve and distal
median nerve paralysis type. The left hands comprised eleven out' of the
total of twenty. The mean duration of deformity was one hundred and

twenty months with an S.D., of eighty-eight months. Fourteen hands had a
duration of five years or more of deformity before surgery. Adjuvant surgery
was done in fourteen hands: F.D.S.R., opponensplasty in thirteen hands,
Z-thumb correction in one hand using F.D.S.R. Two thumbs that had
opponensplasty had thumb web contracture release and free skin graft aswell..
Another hand that had opponensplasty had contracture release of two fingers
with skin graft.
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PRE-OPERATIVE ASSESSMENT

To plan out pre-operative physiotherapeutic measures, to identify claw
hands that require a particular reconstruction and to objectively evaluate
the results after surgical correction two components of pre-operative
assessment were performed on all patients: physical and functional

evaluation.

Physical Evaluation

In this the deformitypattern, wasting, absorption, voluntary motor testing
and sensory assessment were recorded on hand assessment forms.

Since the proximal interphalangeal joints are the key joints to monitor in
claw hands, three measurements were taken at this joint in each finger of a

hand and plotted on graphs.

a. The Unassisted Angle:

The patient is asked to maintain the lumbrical position in the involved
hand after the examiner demonstrates this position with his own hands or
on the patients other hand if it were normal. This angle is an
expression of the inability of the interosseus~-lumbrical muscle complex
to extend the P.I.P., joints. This same angle serves the purpose of
objectively evaluating the success of a tendon transfer,

b, Assisted Angle:

Now the examiner passively restrains the M.C.P., joint from extending
beyond the neutral and allows the patient to extend his finger. In a
mobile claw hand there will be no residual flexion at the P,I.P,, joint,
but if an angle is measured, it will indicate that the extensor expansion
over the P.I.P., joint is either stretched or attenuated. Thisis further
confirmed by passive extension of the P.I.P., joint to neutral,
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¢c. Contracture Angle:

Here the examiner passively extends the P.I.P., joint and any residual
angle at the P.I.P., joint will represent the contracture angle. This
may be due to skin contracture on the volar aspect of the finger,
capsular contracture or even the joint itself. Long flexor adaptive
shortening is often present in such fingers. On the contrary adaptive
shortening of long flexors alone can be seen without their being

contracture angles.

It is essential to identify the cause or causes for the P.I.P., joint
contracture so as to initiate the appropriate physical measures for its
correction. If this does not achieve the desired results then there would
be a need for surgical release at theparticular plane of contracture.

Adaptive Shortening

Isolated adaptive shortening of long flexors is examined by asking the
patient to actively extend his wrist and noting that the flexion at the
P.I.P., joint increases as the wrist is extended further. Thisis confirmed
by the examiner by passive testing. Various degrees of adaptive shortening
can be encountered in different hands.

The presence of any of these angles except for the unassistedangle comprise
adverse factors consequent to paralytic claw hand deformity.

Functional Evaluation

Prior to physiotherapy timed tests were performed to evaluate the patients
dexterity and strength. They were orientated towards the patient's
vocation and his activities of daily living. The strength of grasp and
pinch are assessed by a Dynamometer, Vigronometer and pinch meter. Of
recent, these functional evaluations are being repeated just a day or two
pbefore surgery in order to study the loss of motor power as a consequence
of extensive pre-operative physiotherapy.
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PRE-OPERATIVE PHYSIOTHERAPY AND SPLINTING

The physiotherapy programme that has been followed for claw hands at the
institution had been largely based on the work of Hatch (1950), Brand (1958)
and Kolumban (1969). Through the years slight modifications as found

necessary in individual situations had been added on to the basic programme.

All claw hands were given wax baths, 0il massage and gentle passive
stretching, beside muscle strengthening exercises of the functioning
extrinsics and intrinsics. All joints are put through normal ranges of
motion. The fingers without assisted and contracture angles are given only
the above programme in addition to isolation exercises of the motor to be
transferred. This programme is also applicable to the hypermobile claw
hands with no other secondary deficit. Fingers with assisted angles are
given an M.C.P., joint block with plaster of Paris., Of recent a knuckle
bender orthosis is provided for such hands so that the lag in the P.I.P.,
joint due to stretch of the extensor expansion can be taken up. In the
fingers with contracture angles cylinderical casts with P.0.P., is applied
everyday after exercises. If the contractures are severe, dynamic traction
using rubber bands with known tension, comnecting hooks stuck on the finger
nails to a circular wire mesh outrigger were provided., The circular
outrigger is attached to volar and dorsal P.0,P., slabs which in turn are
bandaged to the forearm and hand for the purpose of attachment of theelastic
bands. However, for all contracture angles less than thirty degrees the
static P.0.P., finger splints were used daily, care being taken to avoid

pressure over the dorsum of the P.I.P., joint,

One or more of the above measures were continued until the assisted and
contracture angles became zero, but if the successive weekly measurements
showed no improvement, as would be seen by a plateau on the graph, it was an
jndication for surgical options to be pursued at the time of dynamic tendon

transfer.

Operative Procedures

For all procedures where no free graft was required only a supraclavicular
Brachial black was given. In the event of the block being inadequate or
if the free graft is needed a general anaesthetic was supplemented. The
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tendon transfer was done under tourniquet control., A brief description of
the various procedures follows, '

For Group 1

Single Sublimis Transfer into the lateral band of the dorsal extensor
expansion (D.E.E.): (Intrinsic Replacement). (Fig: 6)

The F.D.S.M., or F.D.S.R., was removed through a diagonal incision on the
volar aspect of the proximal segment of the respective flnger. The sublimis
tendon was approached and incised through the normal anatomical interval
between A2 and Cl flexor pulleys (unlike the midlgteral approach at the
P.I.P., joint level followed by Brand). The tendon was retrieved through

a mid palmer incision and split into four tails. Each tail was passed volar
to the D.T.M.L., on to the lateral band of D.E.E. Rerouting was done in a
retrograde manner with thé ‘help of Andersen's tunneller entering the ’
lunbrical canal and then into the palmar wound to grasp the Sllps. The
hand was immobilised on a standard claw hand correction frame and the first
~ slip to be anchored was the one to the index finger on the dorso-ulnar
aspect with the slack removed. This is followed by anchorlng the sllp to
the little, ring and middle fingers in that order. Two useful steps
introduced in this series of operationswere: a. to get hold of the edge of
the lateral band with a fine artery forceps and to apply gentle traction in
a proximal direction so as to just smoothen out the concertina appearance
of this band. This was to ensure that the D.E.E., does not remain slack
after the tendon slip is sutured to it, and b. after the index slip is
anchored by removal of the slack the tension on the other slipé starting
from the one to the little finger is controlled by movement observed at the
index slip suture point, i.e., the pull on the medial slips are stopped when
movement is observed at the index finger slip. This ensures that one slipis
not anchored with less or more tension. After haemostasis is securedall the
wounds are closed with 38 gauge stainless steel wire, the hand is dressed
and lightly padded. A P.0.P., cast is applied with the wrist in 10° flexion
and the fingers in lumbrical position. After fourty-eight to seventy-two
hours of elevation of the hand in bed, during which period the P.0.P., on
the dorsal aspect distal to the P.I.P. joint is removed and minimal finger
movements at the two terminal “joints are encouraged, within the confines of
the plaster, the patients are discharged with a collar and cuff sling.
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Extensor Communis Tendon

G Transverse Metacarpal
Ligament

Lumbrical Tendon

INTRINSIC REPLACEMENT PROCEDURE

FIG: 6

An outline showing the route of the graft passing volar to the
transverse metacarpal ligament to be anchored to the lateral band

the dorsal expansion.



INCISIONS ON FLEXOR ASPECT OF HAND

FIG: 7

Diagram of the volar aspect of a hand and n
forearm to show the following incisions- a * or aspect of the
incision

on the proximal segment of the rifia: fincar®c lagOaal volar
removing sublimis tendon between Af and CI nuii!?1”™ 1! finger) for
incision used for interosseus insertion an/i GyS” b* transpalmar

midpalmar incision for oetrieviortirsu™™?~nl®""Q0":A""6"
crease incision for disinserting the Palmaria loiwis "riSt
forearm incision for retrievins tha pai a K tendon, e.

anastomosis with free graft. S Ongus tendon prior to



INTEROSSEUS INSERTION PROCEDURE
FIG: 8

A diagramatic representation of the interdigital space between the
left index and middle fingers to show the graft encircling the first

palmar interosseus (1.P1) and the second dorsal interosseus (2.P1).

F.D.P., Tflexor digitorum profundus, F.D.S., flexor digitorum sublimis,
I-Index and M-Middle finger (refer text).



Group 11

Palmaris longus with free graft or F.D.S.R., transfer to the adjacent
interosseus in the palm (Interosseus insertion). (Fig: 7&8)

The palmaris longus tendon is disinserted through a one centimetre long
transverse incision at the wrist crease and retrieved five centimetres
proximally through another one centimetre long incision on the forearm.
Plantaris free graft or fascia lata graft is used to lengthen this unit.

If the palmaris longus was absent in the hand, F.D.S.R., was used as the
motor. A trans palmar incision in a transverse plane is made on the distal
palmar crease. The palmar skin with the subcutaneous tissue as one layer

is dissected for half an inch distally and proximally. The neurovascular
structures bifurcating at the region to the adjacent fingers are

retracted to one side and the lumbrical muscles are identified and used as
guides to the D.T.M.L., and wing tendons in the interdigital spaces. The
thick fascia over the tendons of the interossei on either sides of the inter-
digital space are incised and the tendons, one dorsal and one palmar are
exposed. A fine right angled artery forceps (designed for this purpose)
carry a 3-0 nylon suture at its tip along with one of the tendon slips to be
transferred, is passed around each pair of interosseus wing tendons. This is
repeated in all interdigital spaces, The first dorsal interosseus muscle
and its tendon are identified on the lateral side of the index finger and the
nylon suture with a tendon slip is passed volar to the thick fascia
connections between the skin and the M.C.P., joint capsule representing a
proximal condensation of Clelands ligament. All the M.C,P., joints are

kept in 60° of flexion, the tendon slips are pulled distally to remove the
slack and the nylon suture is tied around one palmar, one dorsal interossei
tendons and the transfer slip. For the radial side of the index finger it
will be only around the dorsal interossei tendon and the transfer slip, After
this the tendons are sutured onto themselves proximally with the M.C,P,,
joints held in the same position. The sequence of anchoring of the slips is
first the lateral most, then the medial most and finally the two in between,
These hands are immobilised in a similar way as Group I after wound closure.
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MODIFIED LASSO PROCEDURE
FIG: 9

Diagramatic representation of the four slips of a sublimis tendon
looping around the proximal annular pulleys. (Refer text).



Group III

F.D.S.M.,/F.D.S.R., to the Al and A2a pulleys. A modified Lasso procedure.
(Fig: 7&9)

The tendon was incised from the respective finger and retrieved in the palm
as described earlier. Through a transverse palmar incision as used for the
interosseus insertion, the proximal edge of the pulley system is identified
and each tendon slip is held at the tip of a fine angled artery forceps and
passed beneath the Al and A2a pulleys and brought over them. The M.C.P.,
joints are kept in 60° of flexion and all slack is removed from the tendon
slips before the slips are sutured onto themselves proximal to the edge of
the pulleys using 3-0 nylon sutures. Wound closure and dressing is
followed by immobilisation of the hand in a P.0.P., cast applied in a
different way. The wrist is kept in 10° flexion, the M.C.P., joints are
maintained in 60° flexion and the cast is not allowed to cross the P,I.P.,
joint on the dorsal or volar side of the fingers. After fourty-eight to
seventy-two hours of elevation gentle active finger flexion and extensionare
encouraged at the P.I.P., and the D.I.P., joints, as comfort permits.

Group IV, V and VI

The EF4T operative procedure as described by Brand in his article in the
Journal of Bone and Joint Surgery, Vol. 43 B. No.3, August 1961 had been
followed for all three groups., The tension exerted on the grafts, prior to
insertion was subsequently worked out at the Christian Medical College,
Vellore to be 0. 4.0 and O for the index finger, little, ring and middle
fingers in that order representing the removal of slack on the index finger
slip, a pull of 8 millimetres on the little finger and the removal of slack
for the ring and middle fingers respectively. For hypermobile hands as in
Group IV the tension was less in the little finger than thestandard 8mmand
in the contracted hands the tension on the index finger was increased to 2
millimetres or more as found in the records.

The P.0.P, cast immobilisation of the operated hands was as far as the
finger tips on the dorsal and volar aspects for the whole period of three

weeks.
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Post-operative Programme

For all the groups post-operative physiotherapy was started after the period

of immobilisation.

In the 70's the initial four weeks or even more were exclusivelygiven tothe
physiotherapy regimen to obtain co-ordination of M.C.P., joint flexion with
I.P., joint extension and finger closure and thereafter occupational therapy
was introduced. This method was applicable to the EFA4T groups, IV, Vand VI,
However, in the 80's the physiotherapy regimen gave way tooccupational therapy
and functional activity programmes at the beginning of the second weeksand in
most hands (as with a Lasso Procedure - Group III and interosseus insertion-
Group II) the two were more or less merged.

All patients who were discharged at the end of the programme were instructed
oncare of their anaesthetic hands and to avoid excessive strain for the first
six months. Working aids and protective devices were given to patients
whenever the Occupational Therapist found it necessary for a patient's

rehabilitation.
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GROUP 1. SINGLE SUBLIMIS TRANSFER FOR CONTRACTURE CLAW HAND

Composite photographs displaying the Excellent
Correction seen at Follow-up.



GROUP I1I. INTEROSSEUS INSERTION FOR
HYPERMODILE CLAW HANDS

Top set photograps: Hypermobile Claw Hand pre-operative.

Bottom Set photographs: Excellent results after
Interosseus insertion, Lumbrical position
and Outsretched hand.



GROUP 111. CLAW HAND WITH ADAPTIVE SHORTENING
EXTRINSIC FACTORS
Modified Direct Lasso Procedure

Top left: pre-operative state. Top right and the two
below seen at follow-up. Excellent results as
observed after a five year follow-up.



RESULTS

The results of reconstructive usrgery on 480 claw fingers were evaluated
and analysed at a 2 year follow-up. Comparision was made between 240 fingers
comprising study Groups I, II and III and 240 fingers comprising control
Groups IV, V and VI, Similar pre-operative problem features formed the
basis for comparison between Group I and VI, Group II and IV and between
III and V,

Precentage Correction of Deformity at the Follow-up Period

The variable pre-operaﬁive unassisted angles in each finger of a hand and
in each hand in a group necessitated calculation of percentage correction
at the follow-up perlod as proposed by Brandsma and Watson (1982).

ThlS was calculated as follows for each finger:

-POUA - FUUA
x100

POUA

 where P.0,U.A,, was the pre-operative unassisted angle and F.U.U.A., was the
follow-up unassisted angle.

A more stringent percentage evaluation was followed to analyse the results:

" Excellent: represented a correction of over 75%
Good: correction between 50% and 747%
Fair: correction between 25% and 49%
Poor: correction between 1% and 24%

" Worse: meaning no correction or an increase in the follow-up angle

“as compared to pre-operative angle.
A summary statistics of the percentage correction at follow-up of the

unassisted angle as measured at the P.I.P., joint level with the finger in
the lumbrical position is presented in Table la.
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TABLE 1la

SUMMARY STATISTICS OF FOLLOW-UP UNASSISTED ANGLE

roup

Number of

Fingers 1 2 3 4 5 6

Worse 0(0%) 0(0%) 0(0%) 1(1%) 0(0%) 1(1%)

Poor o o
0(0%) 1(1%) 0¢0%) 5(6%) 3(4%) 2(3%)

Correction

Fair ]
4(5%) 2(3%) 6(8%) 11(14%) 8(10%) 14(17%)

Correction '

Good | . o
29(36%) | 17¢21%) | 14Q17%) | 26¢33%) | 22¢277) | 40(50%)

Cokr}:ection

Excellent | o
47(59%) 60(75%) 60(75%) 37(46%) 47(59%) 23(29%)

Correction S

Total 80(100%) | 80(100%) | 80(100%) | 80¢100%) | 80¢100%) | 80(100%)




The Chi Square tests of significance to detect differing distributions of
the follow-up unassisted angle correction in particular groups are as
follows:

Group I and Group VI (Table 1b).

The Chi Square test based on four degress of freedom gave a value of 18.5
for Group I and Group VI. This was found to be highly significant. The
excellent and good results together was 95% in Group I (Intrinsic Replacement
with Single Sublimis for Contracted Claw Hands) as compared to 79% in Group
VI (EF4T for contracted Claw Hands). The fair, poor and worse results
together were 5% and 21% for Group I and Group VI respectively,

Group II and Group IV (Table lc).

The Chi Sqaure test gave a value of 17,2, This was statistically
éignificant at the 57 level. The excellent and good results together

were 96% for Group II (Interosseus Insertion for Hypermobile Claw Hands)

and 79% for Group IV (EF4T for Hypermobile Claw Hands). The fair, poor and
worse results amounted to 4% in the Group II and 217% in Group IV.

Group III and Group V (table 1d).

The Chi Square test gave a value of 6.6 and was not statistically significant.
The excellent and good results were 927 in Group III (Modified Lasso
procedure of Claw Hands with Long Flexor Adaptive Shortening) and 862 in
Group V (EF4T for Claw Hands with Adaptive Shortening of Long Flexors). The
fair, poor and worse results were 8% and 14% in Group III and Group V

respectively.

Percentage Correction of Contracture Angles in Group I and Group VI
(Table 2a and 7b).

Group I and VI respresented claw hands with flexion contractures at the
P.I.P., joint in two or more fingers in a hand. The percentage correction
of this problem was calculated with a formula similar to the above except
that the contracture angles were substituted for unassisted angles.
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TABLE 1b

Chi-Square Tests of Significance to Detect Differing Distributions
of Follow-up Unassisted Angle Corrections in Particular Groups

Group 1 v, Group 6.

No, of Correction
Fingers w p f g e

Group 1 0 0 4 29 47 80

Group 6 1 2 14 40 23 80 -

1 2 18 69 70} 160

X2 = 18.5 (p<0.001)
TABLE 1c

Group 2 v. Group 4.

No of Correction
Fingers w p f g e

Group 2 0 1 2 17 60 80

Group 4 1 5 11 26 37 80

1 6 13 43 97| 160
= 17.2 (p<0.01)

2
X,

TABLE 1d

Group 3 v, Group 5.

No of Correction
Fingers w p f g e

0 6 14 60 80

o

Group 3

Group 5| 0 3 8 22 47| 80

0 3 14 36 107] 160

X7 = 6.6 (p>0.05)



Thus the precentage correction of contracture was:

POCA - FUCA
B x 100

POCA

where P.0.C.A., was the pre-operative contracture angle and F.U.C.A., the
follow-up contracture angle.

The Chi Square test based on four degrees of freedom gave a value of 13.9
and was found to be statistically significant. The excellent and good
contracture angle correction was 867% in Group I and 70% in Group VI, The
fair,; poor and worse results were 12% and 30% for Group I and Group VI

respectively.

Functional Evaluation

The M.C.F., joint status and finger closure grading as assessed in the
follow-up period was taken to represent the level of ' the functional
restoration possible after claw finger correction.

Both these parameters were analysed further with the follow-up unassisted
angle correction which for this purpose was conveniently graded as followed
by Brand (19585 1961) into good; fair and poor representing zero degrees to
15 degrees; 16 degrees to 30 degrees and over 30 degrees respectively
(Annexure 7).

The requirement for good and fair grades wasmore narrower and stringent in
this study.

M.C.P., Joint Status at the Follow-up Period

This was graded as follows from measurements taken with the patient
attempting full opening of the fingers.

Grade O (Zero): representing Neutral position (excellent)

Grade 1: up to 15 degrees of hyperextension (good)
Grade 2: above 15 degrees of hyperextension (reclawing)
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TABLE 2a

SUMMARY STATISTICS OF CONTRACTURE ANGLE CORRECTION

Group
Number of
Fingers I VI
Worse 0 (0%) 1 (1%)
Poor Correction 2 (3%) 1 (1%)
Fair Correction 5 (9%) 21 (28%) -
Good Correction 8 (147) 18 (24%)
Excellent Correction 43 (74%) 34 (467%)
Total 58 (100%) 75 (100%)

TABLE 2b

Chi-Square Test of Significance to Detect Differing
Distributions of contracture Angle Corrections in
Group I and VI.

No. of
Fingers W f g e
Group 1 0 5 8 43 58
Group 6 1 21 18 34 75
1 26 26 77 133
X2 = 13.9 (p<0.01)

4




Grade 3: flexion deformity of 15 degrees with tendency for’P.I.P.,
joint recurvatum if passive M.C.P., joint extension was
attempted (Intrinsic Plus Deformity)

Grade 4: flexion deformity of 15 degrees to 30 degrees without

© recurvatum at the P.I.F., joint (hyperflexion)

A sumary of M.C.P., joint status in all groups is presented in Annexure 8,

Group I and Group VI

There was Grade O and Grade 1 status in 92.5% of fingers in Group 1 as
compared to 62.5% of fingers with Grade O and Grade 1 in Group VI. Grade
2, 3 and 4 were found in 7.5% of fingers in Group I and 37.5% of fingers
in Group VI. These latter figures represented hyperextension and intrinsic
plus deformity in Group I and hyperextension at the M.C.P., joiht in

Group VI. ‘

The relationship of the M.C.P., joint status to deformity correction
(Table 3a) was statistically analysed. It was found to be Significant in
both groups. The Chi Square test based on one degree of freedom gave a

| value of 19.1 and 16.3 in Group I and Group VI respectively. The
incréasing grade of 2, 3 and 4 gave rise to poor correction at the P.I.P.,

joint in both groups.

Group II and Group IV (Ref: Annexure 8).

The M.C.F., joint state was Grade O and Grade 1 in 91.25% of fingers in
Group II and 78.75 percent of fingers in Group IV. Grades 2, 3 and 4

were found in 8.75% of fingers in Group II and 21.75% of fingers in Group IV.
Analysis of this latter figure revealed that intrinsic plus deformity as

a complication was seen in 6.25% of fingers in Group II and 13.75% of
fingers in Group IV. This was not statistically significant at the 5%

level as seen by Fishers exact probability test (p 0.062).

The association of M.C.P., joint status to deformity correction at the
M.C.P., joint in the follow-up period was found statistically significant

" in the Group II (Table 3b). This indicated that with increasing M.C.P.,
joint Grades 2, 3 or 4 there were tendency of poor correciton of the fingers
at the P.I.P., joint. In spite of having more M.C.P., joint status of 2, 3
and 4, it was not found significant in Group IV. The percentage of
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TABLE 3a
MsC.P. JOINT STATUS AND FOLLOW UP UNASSISTED ANGLE

Group 1 Group VI
No of Status No of Status
Fingers O/1 | 2/3/4 Fingers 0/1 ] 2/3/4
Angle:G/F 69 2 71 Angle:G/F 43 13 56
P 5 4 9 P 71 17 24
74 6 80 50 30 | 80
X = 19.1 (p<0.001) X2 = 16.3 (p<0.001)
TABLE 3b |
Group TI Group IV
No of Status No of Status
Fingers /1| 2/3/4 Fingers 0/1 | 2/3/4
Angle:G/F| 70| 5 75 Angle:G/F | 55| 15 | 70
P 3 2 5 P 8 2 10
731 7 | & 63| 17 | 80
X3 = 7.4 (p<0.01) X2 = 0.0 (p>0.05)
TABLE 3c -
| Group III Group V
No of Status L No of Status
Fingers 0/1 | 2/3/4 Fingers 0/1 | 2/3/4
Angle:G/F | 21| 53 74 Angle:G/F | 59 11 70
p| ol 6 | 6 P| 7| 3 |10
21| 59 | 80 | 66 | 14 | 80
X{ = 2.4 (p>0.05) - X2 = 1.1 (p0.05)

G:Good, F:Fair, P:Poor For M.C.P. Status O = 4 refer text



reclawing was 7,57 in Group IV without a similar complication in Group II.

Group III and Group V (Ref: Annexure 8).

The M.C.P., joint status of Grade 0 and 1 was seen in 26.,57% of fingers

in Group III and 78,757 of fingers in Gfoup V. Grade 2, 3 and 4 were
found in73.5% and 17.5% of fingers in Group III and Group V respectively.
This disproportionate percentage of M.C.P., joint status was due to a high
percentage of Grade 4 (65%) in Group III. This was, however, not
statistically significant when analysed with the grades of finger
correction at the P,I,P,, joint (Table 3c). The M.C.P., joint flexion
limitation giving Grade 4 was part of the technique of limiting M.C.P.,
joint extension to allow for extension of the P.I.P., joints of the fingers
by the long extenmsors. P.I.P., joint correction grades of“good and fair
comprised 94% in this group. It was not a complication as the same Grade 4

seen in other groups.

Finger Closure

Finger closure was graded as follows:

Grade 3: full finger'closure with the ability to grip a rod 5 mm in
diameter firmly.

Grade 2: closure of finger up to the mid palmar crease with the ability
to grip firmly a rod of 1 cm or larger in diameter.

Grade 1: finger closure up to the palm with ability to grip rods
firmly only 2 cm or larger in diameter,

Grade O: Digito palmar distance can be variable with an inability to
touch the palm any rods larger than 2 cm in diameter can be
held.

A sumary of finger closure grading in all groups is found in Annexure 9,

Group I and Group VI

There was 77.5% of Grade 3 and 2 finger closure and 22,5% of Grade 1 and 0
in Group I. In Group VI there was 86.25% of Grade 3 and 2, and 13.75% of
Grade 1 and O. When analysing this with the extent of the finger correction
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TABLE 4a
FINGER CLOSURE GRADE AND FOLLOW UP UNASSISTED ANGLE

Group I Group VI
No of Grade , No of Grade
Fingers | 3/2| 1/0 | - Fingers 3/2 | 1/0
Angle:G/F 68 31 71 Angle:G/F 51 5| 56
P 3 6 9 P 18 6| 24
71| 9 80 69 | 11| 8o
%4 = 31.6 (p<0.001) X% = 3.7 (5>0.05)
TABLE 4b
Group II N Group IV
No of | Grade No of Grade
Fingers 3/2| 1/0 Fingers 3/2 | 1/0
AnglesG/F | 75| 0| 75 angle:G/F | 67| 3| 70
P 4 1 5 P 8 21 10
79 1| 80 ' 75 51 80
%2 = 9.2 (p<0.0L) X2 = 4.0 (p<0.05)
TABLE 4c
Group IIT Group V
Grade Grade
No of No of
Fingers 3/21 1/0 Fingers |.3/2{ 1/0
Angle:G/F | 70 41 74 Angle:G/F | 65 5] 70
P| 6| o 6 P 8| 2|10
76 418 “ 73 71 80
® = 0.3 (0.05) x§ = 1.7 (p>0.05)

G:Good, F:Fair, P:Poor For Finger Grades 3 - O refer text



TABLE 5a

INFLUENCE OF AGE ON FOLLOW UP UNASSISTED ANGLE GRADING

gm G]TO!!E VI
A Y A Years
No of ge (Years) No of ge (Years)
Fingers <20 | 21-40| >40 Fingers <20 | 21-40 | >40
Angle:G/F | 14 49 8| 71 Angle:G/F 8 48 0| s6
P 2 3 4 9 P 0 20 4 | 24
16 52 12| 80 8 68 41 80
X5 = 7.0 (p<0.05) %) = 12.8 (p<0.01)
TABLE Sb
Group IT Group IV
Age (Y Age (Years) -
No of ge (Years) No of ge (
Fingers <20 { 21-40} >40 Fingers <20 | 21-40 | >40
Angle:G/F | 28| 45 21 75  angle:g/F| 20| 46 4170
P 0 3 2 5 P 0 10 0f 10
28 48 41 80 20 56 41 80
X3 = 12.2 (p<0.01) X2 = 4.9 (p>0.05)
TABLE Sc
Group III Group V
No of  Age (Years) No of Age (Years)
Fingers <20 | 21-40 | >40 Fingers <20 | 21-40 | >40
Angle:G/F | - 23 47 4| 74 Angle:G/F | 18 52 0] 70
P 1 5 0 6 P 2 8 0] 10
24 52 4| 80 20 60 0| 8
2
% = 1.0 (p>0.05) % = 0.2 (>0.05)
G:Good, F:Fair, P:Poor Refer text. '




it was found to be significant only in Group I (Table 4a). This indicated
poor finger correction with reduced ability to close the finger fully.

Group II and Group 1IV.

There was 98.757 Grade 3 and 2 closure and 1.25% Grade 1 in Group II
whereas it was 93.75% Grade 3 and 2 and 6.25% in Grade 1 and O in Group
IV. It was found to be significant in both groups: the poor finger
closure also reflected the poor correction at the P,I.P., joint (Table 4b),

Group III and Group V.

There was 95% Grade 3 and 2, and 5% Grade 1 and O in Group III., Whereas
it was 907% of Grades 3 and 2, and 107% of Grade 1 and O in Group V. It was
not significant when analysing it with the extent of finger correction,
reflecting that there was nocorrelation between finger closure and P.I.P.,
joint correction (Table 4c).

Influence of Age, Duration of Deformity and Adjuvant Surgery.

The influence of the above on the correction at the P.I.P., joint in the
follow-up period was studied in all groups.

Age (Table 5a, b and c).

The result in finger correction was studied in three age group ranges:
below 20 years of age, adolescents between 21 years to 40 years, the
adults and those over 40 years, representing the middle age and old.

In all groups the majority of patients were between 21 and 40 years of age
at the time of surgery.

The significance of age to the results of finger correction was significant

only in Group I and VI and Group II which indicated a poor correction with
increase in age.
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Duration of Deformity

Below 24 months was taken to represent short duration of deformity
considering that these patients had to have sufficient medical management
prior to surgery and also with the allowance for the delay due to referals
from remote parts of certain state in the country. Between 25 months and
60 months represented an intermediate duration of delay in referrals,
Those above 60 months and over were the real long duration deformities.,

Duration of the pre-operative deformity to results was significant in
Group I and not in Group VI (Table 6a).

It was significant in Group II and not in Group IV (Table 6b).
It was not significant in Group III and Group V (Table 6c).

A long duration of deformity gave rise to less satisfactory results of
finger correction is Group I and II,

Adjuvant Surgery

The number and type of surgery done in each group is elaborated in the
section on Materials and Methods. The influence of specific procedures on
the final outcome was not analysed because their numbers were very variable,
It was found to be significant in Group VI but not in Group I (Table 7a).
It was not significant in Group II and Group IV (Table 7b).

It was not significant in Group III and Group V (Table 7c).

In the only group where it was significant Group IV it indicated that in -

hands where adjuvant procedures were done there were more poor results of
P.I.P., joint angle correction in the follow=-up period.
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TABLE 6a
INFLUENCE OF DURATION OF DEFORMITY ON FOLLOW UP UNASSISTED ANGLE

GRADING
_(_;EQL_JP—]—: \ Gro!!R VI
No of Duration (months) No of Duration (months)
‘Fingers <24 | 25-60 | >60 Fingers <24 | 25-60] >60
Angle:G/F | 24 30 17| 71 Angle:G/F 2 24 30 | 56
P 0 2 7 9 P 2 4 18 | 24
24 32 24 | 80 4 28 48 | 80
X5 = 11.6 (p<0.01) X3 = 5.3 (p>0.05)
TABLE 6b
Group II Group IV
No of Duration (months) " No of Duration (months)
Fingers <24 | 25-60 | >60 Fingers <24 | 25-60| >60 |
angles/F | 39| 3 | 2] 75 angle:c/F | 18| 10 | 42| 70
P 1 2 2 5 p 2 2 6 10
40 36 41 80 ' 20 12 481 80
X2 = 18.0 (p<0.00L) X2 = 0.3 (p>0.05)
TABLE 6¢C
Group III Group V
No of Duration (months) No of Duration (months)
Fingers <24 25-60 >60 Fingers <24 | 25-60 | >60
Angle:G/F 41 21 12| 74 Angle:G/F 27 11 32| 70
P 3 3 0 6 P 1 1 81 10
44 24 12| 80 28 12 40 | 80
X2 = 1.9 (p>0.05) = 4.3 (p>0.05
) H - 1&% (p>0.05)

G:Good, F:Fair, P:Poor Refer text



TABLE 7a

INFLUENCE OF ADJUVANT PROCEDURE ON THE FOLLOW UP

UNASSISTED ANGLE GRADING

G:Good, F:Fair, P:Poor,

Refer text.

1

Group I Group VI
No of Procedure No of Pro;edure
Fingers Done | Not Done Fingers Done | Not Done
Angle:G/F | 27 | n Angle:G/F | 35 | 21 56
P| 5 4 9 P| 21 3 | 2
32 48 | 80 56 2% | &
"X = 1.0 (p>0.05) X% = 5.0 (p<0.05)
TABLE 7b
Group II Group IV
P d Procedure
No of mocetre No of
-Fingers Done | Not Done Fingers Done | Not Done
Angle:6/F | 11 | 6 | 75  Angle:G/F | 32 8 |70
Pl 1 4 5 Pl 4 6 | 10
12 68 80 36 W | 80
2 2
X{ = 0.1 (p>0.05) X] = 0.1 (p>0.05)
TABLE 7c
Group ITI Group V
Procedure - : : Procedure
No of No of
Fingers Done | Not Done Fingers Done | Not Done
Angle:G/F 46 28 74 Angle:G/F 35 35 70
P| 2 4 6 ‘P| 5 5 10
48 3 80 40 5 |80
X2 = 1.9 (p>0.05) X2 = 0,0 (p>0.05)



STUDY GROUP 1. SINGLE SUBLIMIS TRANSFER;CLAW
HANDS WITH CONTRACTURE

Excellent results seen at follow-up
in this case, after four years.



GROUP 1. SINGLE SUBLIMIS TRANSFER DONE FOR
BILATERAL CONTRACTED CLAW HANDS
Excellent results at follow-up.
(Right Hand: Top photograph and Left Hand: bottom photograph)



GROUP 11. INTEROSSEUS INSERTION FOR HYPERMOBILE CLAW HANDS
Excellent Results taken at follow-up of four years

(top set) in one hand and three years (bottom set)
in another hand.



GROUP I11: CLAW HANDS WITH LONG FLEXOR ADAPTIVE SHORTENING

Composite photographs of two hands showing at the far left the
pre-operative state and excellent results after Modified Lasso

procedure as seen after a three year follow-up, on the centre and
right.



GROUP IV. EFT FOR HYPERMOBILE CLAW HAND

Top set of photographs displaying pre-operative state.
Bottom set of photographs showing the excellent results
seen here at a seven year follow-up.



GROUP V.

EFAT FOR CLAW HANDS WITH ADAPTIVE SHORTENING
EXTRINSIC FLEXORS

Good results of this procedure seen at a
three year follow-up.

OF



GROUP V1. EF4T FOR CONTRACTURE CLAW HAND

Composite photograph showing the pre-operative
deformity and the good result at a five year
follow-up.



DISCUSSION

The basis of reconstructive surgery by tendon transfer is to transform a
paralytic claw hand with muscle imbalance and inco-ordination into a more
versatile and adaptive unit. The procedures described in the literature
purport to do that and their large number may seem as though none are
effective. In fact it just means that the execution of every procedure
demands attention to details and their selection ought to be influenced
by the associated features in the claw hand itself, -

The effectiveness of Brand's EF4T in mobile claw hands has been acknowledged
through several reports. Certain other claw hands with problem features
that are encountered in clinical practice have not been seriously looked into.
For, the management of these problems had remained predominantly as
proposals,' Instead of carrying out one particular procedure for several
problems in claw hands which seemed a retrograde step considering the newer
proposals basedon electrophysiological and biomechanical principles, separate
procedures were performed for the different problems in claw hands by taking
the above facts into account.

In this study 480 fingers of 120 hands having different groups of
reconstructive surgical procedures were analysed at a 2 year follow-up

for percentage correction of deformity, M.C.P., joint status and finger
closure. The influence of age of the patient, duration of deformity and
adjuvant surgery on finger correction was studied, Half the number of
fingers (240 fingers) belonged to the study group proper in which separate
operative procedures were carried out for the problems of contracted hands,
hands with adaptive shortening of the long flexors and hypermobile hands.,
Thus the single sublimis transfer into the lateral band of the extensor
expansion, interosseus insertion with a flexor motor and a modified Lasso
procedure with a flexor motor were performed for the respective problems as
outlined aboves These three groups of surgical procedures for the respective
problems was compared with three other control groups (of 240 fingers) having
the same problems that were identified retrospectively and for which the
EF4T procedure (Brand II) was done uniformly.
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On Contracted Claw Hands

Claw hands with contracture angles in two or more fingers of a hand
reconstructed by the single sublimis transfer into the lateral band had
given excellent and good percentage correction of the deformity in a
significantly higher proportion (95%) than the EF4T procedure for the same
problem (79%). This confirmed the proposals of Brand (1958), White (1961)
and Smith (1971) and the observations of Sunderaraj and Selvapandian (1983).

The M.C.P:, joint status also showed a higher proportion with excellent

and good results in the sublimis group (92.5%), but the finger closure was
better in the EF4T group with more fingers showing incomplete closure in

the sublimis group. Presumably the stronger force exerted by the sublimis
at this insertion in order to perform both an intrinsic muscle function and
to overcome the tendency to recurrent contracture by the less compliant
tissue on the volar aspect of the P.I.P., joint is the reason for this
secondary feature. Whereas the EF4T procedure allows for good finger closure
but deformity correction is not proportionate., Therefore, this procedure
does not fulfill all the requirements.,

The practice of straightening out contracture angles at the P.I.P., joints
with various physical therapy measures combined with static splinting or
static and dynamic splinting and then to follow this up immediately with
tendon transfer may need to be altered. Instead of surgery following
physiotherapy, dynamic orthosis for a period of 3 weeks to 6 weeks prior
to surgery may be the answer. The Knuckle Bender Orthosis is compatible
with near normal function and is not cumbersome and may serve the purpose.

The age of patient and duration of deformity had a bearing on the results
attained by the single sublimis transfer. The older age group and the longer
duration of deformity showed a less satisfactory correction. Although the
deformity correction in the EF4T was not influenced by these factors the
over all result of 79% excellent and good correction in the group rules out
this procedure as being ideal for this problem, Static procedures may
serve as good alternatives since retraining of tendon tranmsfer is not
necessary in the old age groups and in patients with long duration of
deformed hands. Early acquisition of substitute function in thesepatients
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may come in the way of re-education of a transfer. Again, a static
procedure is unlikely to disturb what limited function these patients had
aiready acquired.

Adjuvant procedure had influenced deformity correction only in the EF4T
group. This may be due to the lengthy procedures affecting the technique
as such or because more re-education has to be inducted by the patients in
the post operative period., The physiotherapists patience and skill are
usually put to the test in the re-education of this combination of
procedures. Perhaps doing each of these procedures as separate stages may
be helpful on the final outcome,

On Hypermobile Claw Hands

For these claw hands the interosseus-insertion of a flexor motor gave a
percentage correction of excellent and good in 96% of fingers and was
significantly higher in comparison with the EF4T procedure (79%) for the
same problem,

Finger closure and the M.C.P., joint status was excellent or good in a
higher proportion of fingers in both groups.

Intrinsic plus deformity was seen in 13.75% of fingers in the EF4T group.
However these when compared with the finger grading werenot significant.
palande (1983) reported 187 intrinsic plus deformity in Brand's EF4T when
comparing the procedure with a modified interosseus insertion using wrist
extensor as motor. It was considered significant in that study.

When the M.C.P., joint status was less satisfactory fingef correction was
correspondingly poor in the interosseus insertion group. Also the increase

in age and duration of deformity gave rise to poor correction in this group.

Adjuvant surgery did not influence the outcome in either groups.
It could be stated that the management of hypermobility in claw hands is

ideally suitable for the interosseus insertion group since it provides good
deformity correction, good functional position of the M.C.P., joint and
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finger closure, Secondary characteristics of intrinsic plus are very
‘minimal andnot significant, but the procedure is preferable in the young
with shorter duration of deformity., This latter requisite ensures
purposeful control of the transferred tendon avoiding stretch at the
anchoring site in the palm,

The interosseus insertion ensures that the moment arm of the motor in
relation to the M.C.P., joint is short, thereby exerting a lesser force
on a broader area of the proximal phalanx which again dissipates the force
at any one point., The intrinsic lateral band is not disturbed by
suturing into this site,

The interosseus insertion for hypermobile hands confirms Zancolli's
(1968) proposals and Palande's (1983) observation.

The EFAT for hypermobile claw hands is still the next best alternative.,
Excellent and good M.C.P., joint status and finger closure are seen in a
high percentage of fingers even though intrinsic plus tendency is marginally
higher.

On Adaptive Shortening of Long Flexors on Claw Hands

The modified Lasso procedure and the EF4T procedure for this problem gave
over 857 excellent and good percentage correction, Finger closure was
excellent and good in over 90% of the fingers. Age, duration of
deformity and adjuvant surgery had no influence on the outcome,

The M.C.P., joint limitation seen in the modified Lasso procedure reflects
the aim Bf the technique. The dynamic M.C.P., joint flexion produced by

the transfer allows for long extensors to bring about interphalangeal
extension or else the extensor force will be diverted to the dossier or
transverse lamina, hugging the M.C.P., joint and bring about proximal phalanx
hyperextension. Essentially is is a metacarpophalangeal flexor replacement
procedure akin to the phalangeal insertion of a motor to bring about the
same function as described by Burkhalter and Strait. Only time will tell
whether limitation of extension at the M.C.P., joint to an extent over 15
degrees short of neutral produces any additional functional or structural
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problems, It was observedduring functional assessment that diminished
space of the hand wasnot detrimental to any known vocation. This
procedure needs to be followed up for a longer period not only because
the number of fingers operated by the technique is the largest so far
reported, also different parameters have been studied and it would be
necessary to see how each progresses.

However, the EF4T procedure is equally good for the management of this
problem, the only draw back being that the procedure needs a free graft
with its attendant risk of adhesions and it does take a considerably longer
operative time.

Further Observations of Importance in this Study

1, Intrinsic Plus Deformity

No significant intrinsic plus deformity was detected with the useof sublimis
as a motor in the study group.

Presumably this was due to the volar removal of the tendon fairly
innocuously between pully A2 and Cl. This simulates the isolated
lacerations of sublimis in the zone II which does not give rise to any
appreciable deformity or functional loss. Earlier reports of sublimis
minus or intrinsic plus deformity were due to the mid lateral removal
(Brand 1958) of the tendon which may damage the free end of the volar plate
as well as the overlying flexor pulley. Also no tension was applied during
attachment to the respective sites in the different procedures. Anchoring
an extrinsic motor for obtaining intrinsic function with tension will in
all probability be similar to an extrinsic motor substitution by restoring
extrinsic function. In the normal hand flexor force is four times that of
the intrinsics and twice that of the extensors (Whife 1961), Certainly it
is hard to conceive of the transfer for intrinsic paralysis that will have
the same amplitude and potential force and moment arm as the intrinsics
they are intended to replace, and so in the study the main aim of
introducing 'Intrinsic Tension' on an extrinsic transfer was pursued after.,
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2. Easy Re-education:

Re-education has been found to be easier with sublimis transfers, This
confirmed the experience and the electromyographic studies of Burkhalter
and Strait (1974) and Zancolli (1979) and the opinion of White (1961). In
fact they consider it a synergistic transfer if synergism is itself a
necessity in the tendon transfers about the hand. The practical
jmplications of this are far reaching. It could serve as being an ideal
transfer in the sensory re-education programme after nerve repair and could
be used as an internal splint while awaiting neurological recovery following
injury. Also the certainty of the transfer succeeding even though a full
post operative programme is not carried out for some reason, more so in the
developing countries, will not hold back the surgeons decision using the
sublimis as a motor.

3., No Trigger Finger Deformity

No trigger finger deformity was noticed in any of the 80 fingers that had
the Lasso brocedure. The theoretical possibility of a third tendon,
however small it is, occupying Al and A2a pulleys which meant only for the
sulimis and trofundus, producing a risk of triggering was not encountered,
An accomodative stretch of these pulleys may be the reason behind this.

4, Transpalmar Approaches

The transpalmar approaches for the interosseus insertion and Lasso procedures
is obviously through an area of anatomical crowding of vital structures,
Delicate care in dissection and adequate haemostasis are pertinent. Healing
leaves no scar to be seen. In the young patient dorsal scars on the finger
bases as intrinsic replacement procedures can be uncomfortable especially
for an aesthetically over conscious individual or where it is a necessity.

5. No Wound Sepsis

Wound sepsis or delay in healing was not met within the study or control
groups. ‘

However stiffness as reflected by the increased digitopalmar distance on
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attempted finger closure was seen in a small percentage of the sublimis
intrinsic replacement procedure and Lasso procedure (Group I and Group III).
Itiwas seen also in the EF4T group for adaptive shortening (Group V) and
EF4T group for contracted hands (Group VI)., Whereas in Group I and Group
VI the non complaint tissue at the volar aépect of the P,I1.P., joint perse
may have been the contributing factor it was difficult to explain this in
Group III and V. Overzealous immobilisation and faulty implementation of
post operative programme may have been the reasons. The simple truth that
an early stimulus to functional activity may reverse the unphysiological
process of disuse was brought home to the rehabilitation team.

6. Diminished Neuromuscular Inhibition

Diminished neuromuscular inhibition as an advantage in retraining after
reconstructive surgery in claw hands due to Hansen's neuropathy.

It may be argued that the diminished neuromuscular inhibition in H.D.,
claw hands as compared to the post traumatic nerve palsy may be an
advantage to re-education of a tendon transfer., This may be partly true.
However the results of reconstructive surgery on the hand largely depends
on the patient's ability to co-ordinate his movements with an intention to
perform purposeful graded functional activities in their proper sequence
for cortical reintegration. This conducive situation does not apply to
the H.D., claw hands where there is variable sensory loss that is
irreversible; any change being towards more deficiency. Therefore visual
feed back has to aid proper functional patterns besides preventing injury
to the hand, This can be an arduous exercise both for the patient and
the therapist. '

7. Summary Classification of Claw Finger Correction

From this study it was seen that the site of insertion of the motor
largely determined the outcome of claw finger correction rather than the
extrinsic motor themselves. A summary classification of claw finger
corrective procedures is proposed based on the work of several authors as
well as through the present study., This is outlined on the opposite page.
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1.'

2.

7'0

CRITERIA FOR THE CHOICE OF A SUITABLE PROCEDURE FOR PARALYIC

CLAW _FINGER CORRECTION

For Mobile Claw Hands;

For Contracted Claw Hands;

For Claw Hands with Adaptive
Shortening of Long Flexors;

For Hypermobility in Claw
Hands;

For Post Traumatic Nerve
Palsies awaiting nerve
Regeneration or for

Sensory re-education;

For Hands with non-
available motors:

For Older Patient's and -
very long duration of
Deformity (where re-
training potential is
doubtful)

:Brand's EF4T
:Lennox/Fritschi PLAT

:Littlers Modification of Stiles~

Bunnell Procedure

:Burkhaler-Strait's Phalangeal .

insertion: Any motor (Avoided in
hands with irrecoverable sensory
loss)

:Brand's EF4T
:Modified Lasso Procedure: F.D.S.M./

F.D.SQR'Q’, motor

:Burkhalter-Strait's Phalangeal

insertion - (Avoided in hands with

irrecoverable sensory loss)

:Interosseus Insertion: Flexor or

Extensor Motor with free graft

:Modified Lasso Procedure F.D.S.M./

Fo'D'o S .Ro ’ motor

:Parkes Tenodesis :
:Zancolli Volar Capsulodesis (M.C.P.,

joint)

:Bunnell's Pulley advancement

:As in 6. mainly for aesthetic

considerations



8. A Criteria for the Choice of Different Surgical Procedures

Since different problems are associated in claw hands the relevance of
different insertions based on the mechanics of the tendon transfer seems
justified in order to obtain optimal results in these different situations.
Any reconstructive surgical work in the hand soes need to have a
predictable outcome. From the proposals in the literature together with
the inference drawn from this study definite criteria for the choice of

a procedure for a given situation is outlined.
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A CLASSIFICATION OF CLAW FINGER CORRECTION BY DYNAMIC TRANSFER

(Based on the site of insertion)

A

Be

C.

D.

Into Lateral Band of D.E.E., (Intrinsic Replacement)

Multiple Sublimis Transfer (Stiles 1922, Bunnell 1944)

Single Sublimis Four Tail Transfers (Littler1949, Riordan 1953)
F.C.R., with free graft (F.G):(Riordan 1959)

Palmaris Longus (P.L.) with F.G.: (Lennox 1965, Fritschi 1971)
Extensor Indicis Proprius and Extensor Dig. Minimi (Fowler 1947)
E.C.R.B., with F,G,: Extensor route (Brand 1958)

E.C.R.L., with F.G.: Flexor route (Brand 1961)

Into Adjacent Interosseus Tendons by Palmar Approach

Wrist Extensor with F.G.: (Zancolli 1968, 1970)
E.C.R.L., with F.G.: (Palande 1983)
P.L., with F.G., or F.D.S.R.: (Present Study: Interosseus Insertion)

Into Proximal Phalanx (Phalangeal Insertion)

Single sublimis or E.C.R.B./E.C.R.L., with F.G.: (Burkhalter
and Strait 1973)

Into Pulley of Fibrous Flexor Sheath (Lasso Procedure)

Slip of Annular Ligament: ?F.C.R., with F.G.: (Riordan 1969)
Proximal half of Al pulley: (Zancolli 1974)
Distal half of the Proximal Pulley: Any motor (Brookes and Jones

- (1975)

Al and A2a Pulley: F.D.S.M./F.D.S.R.: (Modified Lasso: Present Study)
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CONCLUSION

The identification and management of claw fingers with problem features
were the object of a study undertaken at the Christian Medical College
Hospital, Vellore, India.

Paralytic claw hands due to Hansen's neuropathy formed the material for
this work since it was the most common cause of predictable patterns of
paralyis in the hands and also because the problem of H.D., is still of
sizeable magnitude in the developing world.

A review of literature revealed no single dynamic procedure to be ideal
for all the problem features, namely: contracture angle at the P.I.P.,
joints, adaptive shortening of the long flexors and hypermobileclaw fingers.

The plethora of transfers were not taken to reflect the inadequancy of
reconstructive surgery in the management of paralytic claw fingers. Instead
the electrophysiological and biomechanical aspects of certain methods of
tendon transfers was studied.

A rationale for claw correction and reasons for the choice of different
insertions using a flexor motor was thus derived.

" Three separate procedures were carried out on 80 fingers in each of three
different situations. These served as the study groups proper. They were
compared with control groups having problems of a similar nature, identified
retrospectively but for which Brand's EFAT procedure had been performed
uniformly a decade earlier.

In claw hands with contracture angles in the pre-operative state corrected
by physiotherapy, the Littler's modification of Stiles-Bunnell procedure
gave an overall better correction and functional restoration than the EF4T
procedure for the same problem. However, the limitation in full finger
closure in the sublimis group was the principle secondary feature for
which pre-operative dynamic orthosis was recommended to overcome the

unphysiological effects of disuse and to make the volar tissues more
compliant.
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In claw hands with hypermobile fingers the interosseus insertion with a
flexor motor (a modification of Zancolli's direct interosseus activation),
géve the best results, Intrinsic plus deformity was insignificant, Careful
dissection by the transpalmar approach to the adjacent interosseus was
necessary., Brand's EF4T served as the next best alternative.

In claw fingers with adaptive shortening of long flexor Brand's EF4T and
the modified Lasso procedure with F.D.S.M./F.D.S.R., as motor gave equally
good results. However, the modified Lasso procedure seemed to have a slight
edge over the EF4T because there was no free graft to be used it was easy
to execute, early functional rehabilitation was possible and broader
clinical applications by serving as a temporary internal splint was a
distinct possibility.

Flexors as motors were found to be easy to re-educate except in the older
age group., No intrinsic plus or sublimis minus deformity of significance
was encountered,

The empiricism of tension adjustment technique was obviated by anchoring
the flexor motor slips into the appropriate insertion sites with just the
removal of slack. A concept of intrinsic tension for an extrinsic transfer
in paralytic claw finger correction was thus introduced,

The above finding revealed that the key to claw finger correction was

largely dependant on the insertion site rather than the transferable motor.
Transpalmar approaches left no discernible scars and was of aesthetic value.

The M.C.P., joint limitation imposed by the modified Lasso procedure needed
a long term review to note any detrimental effect to hand function.

For a simplistic and convenient method of recalling dynamic claw finger
correction procedures tomind, a Summary Classification based on the sites of
insertion was proposed.

" Finally from the earlier reports in the literature and the inference of this
study, criteria for the choice of different surgical procedures for paralytic
claw finger correction was recommended,
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ANNEXURE III Modified Lasso Procedure for Claw Hands
with Adaptive Shortening of Extrinsic
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ANNEXURE IV EF4T(Brand II) for hypermobile
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= & o | 0 ¥ g o ks g I o Al 9 g8 Rl TY e vy g L
° . &0 (3]} o jo ] o ~ o] o o o © [ B Y S oed e e [l Y
7 H < [n o a oW n — = ~ N < H = @ Jd|+H = ¢ 3 |H = 8 A
61| 4762 | 25| M| B 60 ] PU/DM| L 50 50 55 50| NO 2110{2 22 2|FFGE
62| 48001 25| M{ T 60| PU/DM| R 33 37 50 40 NO 0 0 3 3/3 323 3|GEFEE
63| 4893 ] 19| M| T | 120| RPU R 30 30 55 65| NO 0 00 213 3 3 2|EEGSG
64| 50051 15| M| B 24| PU/DM| L 70 60 65 65| YES| O O O 0] 2 2 2 3|]E G E E
65| 51121 19| M| T | 12| PU L 10 10 66 70| N | O O OO} 2 3 3 3|ETETESGEG
66| 5115 27| M| B| 120} PU/DM| R 40 38 42 30| YES|{O O 3 3|2 33 3|GTFEE
67| 5122 13| M| T 8| PU/DM| R 60 50 65 SO| YES|{ O O O 0| 3 3 3 3|G E G E
68| 5138 | 30| M| B 36| PU/DM| R 30 20 50 60| NO 1 0012 2 21|F PFF
69 5139 | 22| M{ B 12| PU R 20 25 45 45 ] NO 0 0 2 2133 3/E@PTFFP
70| 5147 | 25| M| T 84| PU/DM| R 15 20 40 52| YES| O O 3 3|3 2 2 2|EETEE
71| 5156 19| M| B 72| PU/DM| L 5 55 55 SO|YES| O O 3 3|13 3 3 3|EEEE
721 5193 29| M| T 16 | PU R 55 70 70 65 NO 1 00 112 211G GGG
731 5246} 30 M| B 9% | PU/DM| L S50 38 70 58| NO J]O O OO0} 3 3 3 3}]EGEE
741 5269 | 24| M| B 8 | PU/DM| L 10 56 70 60} YES| 0 01 3|3 3 3 3/ W G G E
751 5450 | 35| M| L | 240| PU/DM| L LO 40 60 65} YES| O O 2 213 3 2 2| P P GG
761 5490 | 26| M| L 72| PU L 20 10 35 60| YES| 0 O 3 313 3 2 3]/EEEE
77| 5500 32| M| B} 168} PU/DM| R 57 66 65 52} YES}|1 1 0 013 3 3 3] F GGG
781 55251 60| M| B 8| PU/DM| L 30 35 45 55| NO 0 000/!3 32 2|{EETESEG
791 5559 | 25| F| L | 240| pu/DM| L 40 60 70 607§ NO 01 0 0}3 3 3 3{F FGF
80| 5559 | 25| F| L | 240{ PU/DM| R 57 66 65 52| NO 0 0003 33 3/]GESGSG
M:Male,F:Female,T:Tuberculoid HD,B:Borderline HD,P:Primary Refer test for M.C.P. joint, Finger Closure
Neurutlc HD,L: Lepromatous HD,PU: Prox1mal Ulnar Palsy,DU' and follow up unassisted angle grading.

Distal Ulnar Palsy,E: Excellent G:Good,F:Fair,P:Poor,W:Worse.
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ANNEXURE V EF4T(Brand II) for Claw Hands with

DATA SUMMARY SHEET Group V  adaptive shortening of extrinsic flexors.,
g Pre-operative %‘ M.C.P. Finger - | Follow-up

o E Unassisted 0 | Joint Closure Unassisted

e o Angle =] Status Grades Angle

o - 0 @ :
. > o) § D =

(o) o 0 o S [0} Q © ) (] [ U [V} [0}
¢ p= -~ (0] 49 —i b — —l > X - % o~ — ¥ —
o . a « © ) g 0p 5 U g 0P| U T e |y T
2l S| glzlal 8] 8§ |8|2 % 5 5|2 |E855|225q|28254
%) - <|lwlal A& A [ = < | H =z A|lH =z AlH = e 2
8l | 4836 | 36| M| L 84 | PU/DM | R 60 60 60 77| YES|O0 01 0|1 32 1|G E GG
82| 4836 | 36| M| L 84 | PU/DM { L 55 45 70 60| NO 02003 333|FFEE
83| 4888 | 20| M| L | 144 ) PU/DM | R 55 8 95 8} YesS|{1 11 1{3 2 0 O}|EZEGF
84| 4929 | 30| F| B| 240 | PU/DM | R 80 85 95 8 |(YES|1l 1 0 2|13 2 2 2|EGEF
851 5032 29| M| T 96 | PU/DM | R 45 40 60 9| YES|1 O O 2|13 3 3 2|P EEF
86| 5041 ] 25| M| B 15| PU/DM | R 70 70 75 45| N |1 22 21113 2}G GG P
87| 5121 | 37| M| T 8| PU/DM | R 50 55 90 74| NO 213 31333 3|]FTFEE
88| 5185 | 20| M| T 24 | PU/DM | L 65 67 90 87} NO 011113 333|GGGE
89| 5188 | 21| M| B 24| PU/DM | L 85 9 8 60JYES| 0 11 17323 3}EETESG
90 | 5199 | 28| F| B| 240 | PU/DM | R 70 70 75 8 |YES|1 0 0 O0}3 3 3 3|GEGG
91| 5221 | 13| M| T 6| PU/DM | L 37 40 8 90| YES|O0O 1102 2 2 3[G GGG
92 { 5223 23| M| T 6| PU/DM| L 75 40 90 9 ) YES| O O O 0} 3 3 3 3| EEEE
93| 52284 23| M| L 84| PU/DM | L 10 45 90 75} YES| O O 3 3[3 3 3 3}EEEE
94| 52331 23| M| B 9% | PU/DM | L 10 43 90 73| NO 0 000} 33 3 3|ETEEE
95| 5413 | 33| M| B| 240| PU/DM | L 55 65 89 88| NO 1 000333 3|]PEGSG
9% | 5439 | 13| M| B| 12| PU/DM| R 74 76 90 85 YES|O O O 0|3 3 3 3|EEEE
97 | 5510 | 28 | M| B 60| PU/DM | R 60 40 105 95| NO 0 000j2 313|ETETEE
981 5531 | 28| M| B 9% | PU R 40 68 84 85| NO 0 03 0}/]3333|]EEEE
99 | 5552 | 37| M| B 60| PU L 8 100 60 48| NO 0 00 3/3333|EEEE
100 5539 | 37| M| B 60| PU R 48 60 100 85| NO 11211333 2|GEZEF

M:Male,F:Female,T:Tuberculoid,B:Borderline,P:Primary E:Excellent,G:Good,F:Fair,P:Poor,W:Worse,

Newritic HD,PU: Proximal Ulnar Palsy,DU: Distal Ulnar Palsy, Refer text for M.C.P. 301nt, Finger Closure
DM:Distal Wedlan Palsy. and follow-up unassisted angle grading.



ANNEXURE VI EF4T(Brand II) for Claw Hands
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DATA SUMMARY SHEET Group VI with contactures.,
g Pre-operative § M.C.P. Finger Follow=-up
K 5 Unassisted 00 Joint Closure Unassisted
4 o Angle 3 | Status Grades Angle
8 o ” wy
. 1> o| 81 & 2
) o w| A > Q Q 5] ] ] u @ v o)
. = or « + — bl ~ —~ > K o~ — » o~ ~ X i —
SIS o8l 8| 8 |8l 2 8 2 5| 2|32 83p8g 328
[3 . ab [] ord 3 [ ~ = o ] - e [l BT I ] F R o BT BT B I ] ol ol erd
w [l <€ (9] [an] [ [a¥ w (= = o~ ] <€ H O @ [T S « e By § o S o
101§ 44347 23| M| T 18| PU/DM | L 66 85 110 8| YES|{ 2 0 0 0|2 2 3 3|1G G G F
102 | 4493 35| M| B| 276 { PU/DM | L 70 85 .100 9| NO 0112|333 3|EETEE
103 | 4493 | 35| M| B| 276 | PU/DM | R 85 100 105 90} YES| 1 2 1 1}10 0 0 O|G F G G
104 | 4495| 25| M| L | 120 pu/DM | L 49 65 70 70} NO 0 02 2|3333|EESGSEG
105 45431 25| M| L | 108 pu/DM|{ L} 100 95 105 70 YES| 2 1 1 012 2 2 2|G G E E
106 | 4544} 411 M| B| 180 | PU/DM | L 65 75 90 105} YES| 2 2 2 2|13 3 3 3|F F F G
107 | 4665| 40| M| L | 240 PU/DM | R| 105 102 100 100| YES| 2 2 1 2|3 3 3 3G G G G
108 | 4669 | 35| M| T | 144 | PU/DM | R 9 95 8 90| YES| 2 2 2 2}3 33 3]G GFF
109 4705| 29| M| B| 216 { PU/DM | R 75 75 8 80| YES| 2 2 2 2|10 0 O0O0|G F G G
110} 4765 36| M| T 84 | PU/DM | R 88 92 102 108 YES| 2 2 1 1|2 2 2 1]G G G G
111| 4857 | 29| M| L | 180! PU/DM | R 50 55 80 70( NO 0 00 0|3 33 3{EGEE
112 4936 | 25| F| T 60| PU/DM | L 73 100 110 67| YES| 2 2 1 2}0 2 2 2|F G G G
113 4955 32| M| B 9% | PU R| 106 45 50 30| YES| 0 1 1 1|1 3 3 3|[EETFP
114 | 4979 | 15| M| B 60 | PU L 40 50 110 100} NO 0 000}]3 3 3 3J]EETEE
115} 5006 | 22| M| P 36| PU/MDM| L 4 50 55 250 YES| 0 0 0 O| 3 3 3 3|F F F F
116 { 5053 | 27| M| P 48 | PU/DM | L 70 95 110 75| NO 0 02 213 333|]GGGG
117 5133 22| M| B 48 | PU/DM | R 90 8 90 8| YES| O 1 1 1|33 3 3|EGGG
118 5253 20| F| T | 144 | PU/DM | L 10 10 100 9| YES|] 0 0 O 2|2 2 2 2| P W EG
119 | 5446 ) 21| M| B 36 | PU L 9 90 110 115| NO 0 02 21333 3|EEGSEG
120} 54461 21} M} B 36| PU R| 100 100 100 110}y YES| 0 0 1 1|3 3 3 3|/G E E G
M:Male,F:Female,T:Tuberculoid HD,B:Borderline D, E:Excellent,G:Good,F:Fair,P:Poor,W:Worse
P:Primary Neur}tic HD,L:Lepromatous HD,PU:Proximal Ulnar Refer text for M.C.P. joint, Finger Closure

Palsy,DU:Distal Ulnar Palsy,DM:Distal Median Palsy. and follow-up unassisted angle grading.
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ANNEXURE 7

GRADING OF CORRECTION OF FOLLOW-UP UNASSISTED ANGLES

Study Groups

Control Groups

Grades

I II II1 v v Vi
Good ’
(0-15°) 45(56.25%) | 62(77.5%) 60(75%) 41(51.25%) | 44(55%) 36(32.5%)
Fair ' :
(16-30°) 36(32.5%) 13(16.25%) | 14(17.5%) 29(36.25%) | 26(32.5%) | 30(37.5%)
Poor
(>30°) 9(11.25%) 5(6.25%) 6(7.5%) 10(12.5%) 10(12.5%) | 24(30%)
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ANNEXURE 8

GRADING OF M.C.P, JOINT STATUS AT FOLLOW-UP PERIOD

Study Groups

Control Groups

Grades
I II I1I v v VI
0 55(68.75%) | 65(81.25%) | 21(26.25%) || 53(66.25%) | 43(53.75%) | 30(37.5%)
1 19(23.75%) | 8(10%) -(0%) 10012.5%) . | 23(28.75%) | 20(25%)
2 4(5%) -(0%) -(0%) 6(7;57,) 8(10%) 30(37.5%)
3 2(2.5%) 5(6.25%) 7(8.75%) 11(13.75%) | 6(7.5%) -(0%)
i | =(on 22.5%) | 52(65%) ~(0%) ~(0%) ~(o7)

(For grades O to

4, refer to text)
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ANNEXURE 9

GRADING OF FINGER CLOSURE AT FOLLOW-UP PERIOD

Study Groups

Control Groups

Grades
I 11 ITI IV ' VI
3 | saesw) | 62077.5%) | 71(88.75%) | | 53(66.25%) | 60(75%) | 53(66.25%)
2 10(12.5%) | 17(21.25%) | 5(6.257) 22(27.5%) | 12(15%) | 16(20%)
1| 167,50 | 125w | 1125 || ste.2sm) | 6(7.5%) | 262.5%)
0 4(5%) ~(0%) 3(3.75%) -(0%) 2(2.5%) | 9(11.25%)

(For Ekpansion of 3 to 0 grades, refer to text)




BIBLIOGRAPHY

1.

3.

4.

Se

6.

2

8.

9.

10,

11.

Andersen J.G. (1982): The Viperhead Tendon Tunneller. The Hand

Vol. 14. No. 3, p. 339, 40.

Anderson G.A. (1984): Long duration claw deformities in Hansen's

Disease: A Review of Various Operative Results (Abstract). Intl.J.
Lep. Vol. 52. No. 4,725 (Supplement).

:Proceedings of the XII International Leprosy Congress: New Delhi
Feb 20-25, 1984. H.K.N.S. Publication p. 404=411,

Antia N.H. (1969): The Palmaris Longus Motor for Lumbrical Replacement.
The Hand Vol. l. p. 139-145,

Backhouse K.M. and Catton W.I. (1954): An Experimental Study ' of the

Functions of the Lumbrical Muscles in the Human Hand., J.Anat. 88-133.

Beevor A. (1976): Quoted by Boyes J.H. Journal of Hand Surgery 1:83.

Boyes J.H. (1964): In Bunnell's Surgery of the Hand. Philadelphia,

J.B, Lippincott Co.

Brand P.W. (1952): THe Reconstruction of the Hand in Leprosy

(Hunterian Lecture) Annals of the Royal College of Surgeons of
England, 11. 350,

Brand P.W, (1958): Paralytic Claw Hand. J. Bone and Joint Surgery

40-B, 618-625.

Brand P.W. (1961): Tendon Grafting, Illustrated by a New Operation

for Intrinsic Paralysis of the Fingers., The Journal of Bone and Joint
Surgery, 43-B, 444-453,

Brand P.W. (1985): Clinical Mechanics of the Hand, C.V. Mosby Co,
St. Louis,

Brandsma J.W. and Watson J.M. (1982): Claw Finger Correction;

Results of Extensor-Flexor Many Tailed Operation, The Hand, Vol. l4.

No 3. p. 307-312, -



12. Brooks A.G. and Jones D.S. (1975): A New Intrinsic Tendon Transfer
for the Paralytic Hand, (Abstract). J. Bone and Joint Surgery. Vol.
57-A. NO. 5.

13, Brown P.W. (1970): Zancolli Capsulorraphy for Ulnar Claw Hand.,J.
Bone and Joint Surg. 52-A, 868-877.

14, Bunnell S. (1942): Surgery of the Intrinsic Muscles of the Hand other

than those producing opposition of the thumb., J. Bone and Joint Surg.
24. 1-31

15. Bunnell S. (1948): Surgery of the Hand. Second Edition, Philadelphia.
J. B. Lippincott.

164 Burkhalter W.E. and Strait J.L. (1973): Metacarpophalangeal Flexor
Replacement for Intrinsic Paralysis. J. Bone and Joint Surg. 55-A.
1667-1676.

17. Christian M. (1981): The Epidermiological Situation of Leprosy in
Indiao Leprn ReV. 52. Suppl. 1. 35-42.

18. Cooper S. (1960): Muscles Spindles and other Muscle Receptors. In:
(Structure and Function of Muscle). Vol. 1. Ch. IX. (Bourne G.H. Ed.)
p. 381-420. Academic Press: New York and London.

19, Dehio K. (1897): Uber die Lepra Anaesthetica Und den pathogenetischen
Zusammenhang ihrer kraukheitserscheinungen. Lepra-Conferenz, Berlin
2:85. In Leprosy in India. 24: 78-83, 1952. ’

20, Devanandan M,S., Ghosh: S, & John K.T. (1983): A Quantative Study of
Muscle Spindles and Tendon Organs in some Intrinsic Muscles of the
Hand in the Bonnet Monkey (Macaca radiata). Anat. Rec. 207: 263-266.

21, Eyler D.L. and Markee J.E._§l954):.The Anatomy and Function of the
Intrinsic Musculature of the Fingers, J. Bone and Joint Surg. 36-A,
' 1-40

22, Fowler S.B. (1947): Paper presented at the Annual Meeting of the American
Society for Surgery of the Hand.

- 63 -



23. Fowler S.B. (1949): Extensor Apparatus of the Digits. Vol. 31-B.
No. 3.

24, Fritschi E.P. (1971): Reconstructive Surgery in Leprosy. Bristol,
John Wright and Sons Ltd.

25. Hatch V.R. (1950): Use of Physical and Occupational Therapy in
Peripheral Nerve Lesion of Leprosy: Mil, Surgeon 106: 197-203, 1950.
Quoted by Brand P.W. (1956). Treatment of Leprosy Part II. The Role
Of Surgery. The New England Journal of Medicine. Vol. 254, No. 2,

p. 64=67.

26. Hunter J.M. et al (1980): The Pulley System. Orthop. Trans 4:4.

27. Karat S. Rao, P.S.S. & Karat A.B.A. (1972): Prevelence of
Deformities and disabilities among Leprosy Patients in an Endemic
Area, Part II. Nerve Involvement in the Limbs. Intl. J. Lep. Vol. 40,
No. 3. p. 265-270,

28. Kolumban S.L. (1969): The Role of Static and Dynamic Splints,
Physiotherapy techniques and time in Straightening Contracted
Interphalangeal jointss Lepr. India. 41: 323-328.

29. Landsmeer J.M.F. (1955); Anatomical and Functional Investigations on
the Articulation of the Human Fingers. Acta Anatomica, Supp. 24,25.

30. Landsmeer J.M.F. (1955): Studies in the Anatomy of Articulation, I.
The Equilibrium of the 'Intercalated' Bone, Acta Morphologica
Neerlando-Scandinavica 3: 287-303,

31. Landsmeer JM.F. (1961): Studies in the Anatomy of Articulation, II.
Patterns of Movement of Bi-muscular, Bi-articular System, Acta
Morphologica Neerlando-Scandinavica, 3:304-321.

- 32,.Last R.J. (1972): Anatomy Regional and Applied. 5th Ed. Edinburgh &
London, Churchill Livingstone, 160-161,

33. Lexer (1924): Quoted by Zancolli E.A. (1968). Structural and Dynamic
basis of Hand Surgery. 1st Ed. Philadelphia. J.B. Lippincott Comp.

- 64 -



34, Littler J.W. (1949): Tendon Transfers and Arthrodesis in Combined
Median and Ulnar Nerve Paralysis. JiBone Joint. Surg.Vol. 31l. p.223-234..

35, Lister G. (1984): The Hand. Diagnosis and Indications. 2nd Ed.
Churchill Livingstone, Edinburgh, London & New York.

36, Long C. & Brown M.L. (1964): Electromyographic Kinesiplbgy of the
Hand: Muscles moving the Long Finger. J. Bone Joint Surg. 46-A:
1683~1706.

37. Long C. (1968): Intrinsic~Extrinsic Muscle Control of the Fingers.
J. Bone Joint Surg. 50=-A: 973-984,

38, Mannerfelt L. (1966 ): Studies on the Hand in Ulnar Nerve
Paralysis, Acta Orthop. Scand. Supp. 87.

39, Manske P.R. & Lesker P.A, (1977): Strength of Human Pulleys. The
Hand. Vol. 9.(2). p. 147,

40, Mikhail I.K. (1964): Bone Block Operation for Ulnar Claw Hand. Surg
Gyn. Obstet. 118, 1077-1079,

41, Mulder J.D. & Landsmeer J.M.F. (1968): The Mechanism of Claw Finger.
J.Bone Joint Surg. 50-B: 664-668.

42, Nussbaum (1916): Quoted by Zancolli E.A. (1968). Structural and
Dynamic Basis of Hand Surgery. 1st Ed. Philadelphia, J.B.
Lippincott Comp. 4

43, Palande D.D. (1983): Correction of Intrinsic Minus Hands Associated
with Reversal of the Transverse Metacarpal Arch. J. Bone Joint Surg.
65"Ao NO. 40

44, Parkes A.R. (1973): ParalyticClaw Fingers = A Graft Tenodesis
Operation. The Hand. 5: 192-194,

45, Ranney D.A. (1974): The Mechanism of Arch Reversal in the
Surgically Corrected Claw Hand. The Hand., 6:266-272,

_65_



46,

47.

48,

49.

50.

51.

52,

53.

54.

335,

56,

Riordan D.C. (1953): Tendon Transplantation in Median Nerve and
Ulnar Nerve Paralysis. J. Bone Joint Surg. 35-A. No. 2. p. 312~
320.

Riordan D.C. (1969): Tendon Transfers for Median, Ulnar or Radial
Nerve Palsy., The Hand., Vol. 1. 42-46.

Romanes G.J, (1976): Cunningham's Mannual of Practical Anatomy.
l4th Ed. London, Oxford University Press.

Selvapandian A.J. (1971): Reconstructive Surgery in Leprosy
Deformities. Intl. J. Lep. Vol. 39,2, p. 660-666.

Shah A, (1984): Correction of Ulnar Claw Hand by a Loop of Flexor
Digitorum Superficialis Motor for Lumbrical Replacement. J, Hand
Surge (B). Vol. 9 13(2), p. 131,

Smith R.J. (1974): Balance and Kinetics of Finger under Normal and
Pathological Conditions. Cl. Ortho. 104, 92-111,

Smith R.J. (1975): Intrinsic Muscles of the Fingers. Function,
Dysfunction and Surgical Reconstruction. In A.,A.0.S. Instructional
Course Lactures, 24,Ch. 12. p. 200-220.

Steindler A. (1939): Tendon transplantation in the Upper Extremity.
American Journal of Surgery. 44:280.

Stiles Sir H.J. & Forrester-Brown M.F. (1922): Treatment of Injuries
of the Peripheral Spinal Nerves. p. 180. London: Henry Frowde
and Hodder & Stoughton. '

Sunderaraj G.D., Selvapandian A.J. & Mani K., (1983): A comparative
Study of E,F.M.T., and Sublimis Transfer Operations in the Claw
Hand. Intl. Jo Lepo Vo].. 51. NO. 2. p. 190-202.

Tubiana R. and Valentin P, (1964): The Anatomy of the Extensor
Apparatus of the Fingers, Surg. Clin. N.A. 44. No. 4.

- 66 -



57. Tubiana R. (1981): The Hand. Vol. 1. W.B. Saunders Co.

58. White W.L. (1960): Restoration of Function and Balance of the
Wrist and Hand by Tendon Transfers., Surg. Clin. N.A. 40. p. 427-459,

59. Zancolli E.A. (1957): Claw Hand Caused by Paralysis of the Intrinsic
Muscles, The Journal of Bone and Joint Surgery. 39-A: 1076-1080.

60. Zancolli E.A (1974): Correction de la Garra digital por Paralisis
intrinseca. La operacion del 'Lazo'" Acta Orthop. Latino Americana
1 (No. 1) pn 65-72.

61, Zancolli E.A. (1979): Structural and Dynamic Basis of Hand Surgery.
2nd Ed. Philadelphia J.B. Lippincott Comp. p. 159-209.

- 67 -



ACKNOWLEDGEMENTS

I gratefully acknowledge my indebtedness to the silent sufferers of
Hansen's disease who wholeheartedly subjected themselves to the
continuing reconstructive programme at the Christian Medical College
Hospital, Vellore,; India and who had contributed further to our
understanding of claw hands and other paralytic problems. To them I
extend my sincere thanks.

I am grateful to; Prof. L Klenerman, Head of the Department of Orthopaedic
Surgery, University of Liverpool; for his interest in the associated
anaesthetic problems of H.D., and for kindly permitting me to present this
study as my thesis; Mr Iain Grayy Consultant Orthopaedic Surgeon at the
Royal Liverpool Hospital for his study of this thesis and his helpful
criticism; and Mrs S Karat (formerly of the Christian Medical College
Hospital, Vellore), Consultant Orthopaedic Surgeon at the Ingham Infirmary,
South Shields for her encouragement and guidance in the presentation of
this work.

At the Christian Medical College Hospital, Vellore, I extend my sincere
thanks to: Dr Dilip Chatterjee who helped me to compile the data; to the
staff of the Department of Biostatistics, inparticular, Dr B Richard,
who analysed the material, to the Staff of the Department of Hand
Reconstructive Surgery whose painstaking effort at record keeping made
the relevant data retrievable, and to all the members of the
Rehabilitation team who provided the necessary care and superivison on
every patient.

I thank Miss Gillian Harris, Medical Secretary at St Helens Hospital for

her help and unassuming style in the production of this manuscriptw
There aremany more here and back home who contributed at various stages

in the completion of this thesis. They are toomany to acknowledge °
. individually. I take this opportunity to thank them ali.

- 68 -



Finally, to my loving wife I extend my most sincere thanks for her
patience, devotion and constant encouragement for the fulfillment of
this work.

G+ A. Anderson.

- 69 -



