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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 1949, 
Brand 1952, Riordan 1953, 1969, White 1960, Antia 1969, Zancolli 1968,
1979, Palande 1983). Claw hands that are mobile to start with 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 select 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 (EF4T.) 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 EFAT 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 discharge this mammoth 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 A 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 
HD. 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 claw 
fingers which affect the outcome of reconstructive surgery.

3. To discuss the relevance of various surgical options.

4. To analyse the extent of deformity 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 CONSIDERATIONS IN A FINGER

A brief review of certain anatomical details 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 number and do not originate 
from fixed points on the skeletal frame work. Their tendon goes volar 
to the deep transverse metacarpal ligament (DTML) to strengthen the wing 
tendon of each finger on the radial side.

The interosseus muscles are seven in number, four dorsal and three 
palmer. They have one or two insertions: a dorsal phalangeal insertion 
into the base of the proximal phalanx and the extensor insertion into the 
dorsal expansion, the 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 symmetrically arranged, 
one on each side of the digit.

At the level 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, I-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^)

FIG: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). There 
are five annular and three cruciform pulleys (Hunter 1980) (Fig: 2). The 
A1 pulley for example, has an average length of 11mm and an average 
breaking strength of 31.6kg (Manske and Lesker 1977).

The lumbrical muscles 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 plentifully provided
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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.
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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 P.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 
nunerator and the other joint will move in the opposite direction, i.e., 
the system will collapse in a zig-zag manner.

£
b

c

d

Fig: 3 The Stable Biarticular System. Refer text (after Landsmeer, 
1961)
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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 system therefore 
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).

Fig: 4 The Collapse of the Biarticular System controlled only by long 
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., joint opens out 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 idependence of movement to the M.C.P., and 
P.I.P., joints is the main disability.
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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 médian 
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 60% to 
80% 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 resulting 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 
in association 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 1952* 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-routing both slips of all the sublimis tendons from 
the palm through the lurribrical canals and onto the lateral band of DEE.
The multiple insertions of Bunnell were 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 Bunnell'.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 in all 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 1209 (60° 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 95%. 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.

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 hands with 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 from the 
one used in 1958 for the sublimis operations. Open hand assessment, 
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 
95% 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 92% 
of the fingers. However 18% 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 57.hands 
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 
(FL4T).

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 ef feet rather, than as. 
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.t 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 85% 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.

Iri 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 fingers 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 A1 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 to grasp 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 
degree 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 para articular adverse structural changes develop and claw 
fingers become overshadowed with secondary problems.

A relatively 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 finger extensors 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 vhich 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.

-  20 -



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 extensive 
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 interphalangaal 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 
correction.
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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 A1 pulley and proximal half 
of the A2 (A2a) of the fibrous flexor sheath was used as the insertion. 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 attachment of 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 (I960) 
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 'O'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)

Fig: 5
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MATERIALS 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 claw hands which had 
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 EF4Toperation.

The records pertaining to these two major groups were complete for the 
different periods of surgical treatment and for the two years follow up. 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 paralysis* 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 on these eighty 
fingers. Adjuvant procedures were done in eight hands:-opponensplasty using 
the F.D.S.R., in these eight hands together with Boutinniere correction of a 
middle finger in one hand, I.P., fusion of a thumb in one hand 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 these patients was 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 III

Claw hands with adaptive shortening of the extrinsic flexors as seen by the 
P.I.P., joint flexion deformity that increased as the wrist is extended above

- 25 -



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.M., 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 A1 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 V

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 years? 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 more? 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 EF4T procedure was done on eleven 
right hands and nine left hands. Ten hands had adjuvant surgery of .F.D.S.R.-,- 
opponensplas ty-.

Group VI

Twenty claw hands, that had the EF4T procedure but which were identified 
retrospectively to have contracture angles at the P.I.P-., joints formed this 
group. The twenty hands operated were in sixteen males and two females?
Two male patients had bilateral claw correction. The mean age pf 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 as well.. 
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 deformity pat tern, 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. This is 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 the particular 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. This.is 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 unassisted angle 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 
before 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, oil 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.O.P., is applied 
everyday after exercises. If the contractures are severe, dynamic traction 
using rubber bands with known tension, connecting hooks stuck on the finger 
nails to a circular wire mesh outrigger were provided. The circular 
outrigger is attached to volar and dorsal P.O.P., slabs which in turn are 
bandaged to the forearm and hand for the purpose of attachment of the elastic 
bands. However, for all contracture angles less than thirty degrees the 
static P.O.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 
indication 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 I

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 finger. The sublimis 
tendon was approached and incised through the normal anatomical interval 
between A2 and Cl flexor pulleys (unlike the midlateral 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 the help of Andersen* s tunneller entering the 
lumbrical canal and then into the palmar wound to grasp the slips. 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 anchoring the slip to 
the little, ring and middle fingers in that order. Two useful steps 
introduced in this series of operations were: 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 slips 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 slip is 
not anchored with less or more tension. After haemostasis is secured all the 
wounds are closed with 38 gauge stainless steel wire, the hand is dressed 
and lightly padded. A P.O.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.O.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

FIG: 6
INTRINSIC REPLACEMENT PROCEDURE

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.



FIG: 7
INCISIONS ON FLEXOR ASPECT OF HAND

Diagram of the volar aspect of a hand and n
forearm to show the following incisions- a * or aspect of the 
on the proximal segment of the riña: fincar'c lag0aal volar incision 
removing sublimis tendon between Af and Cl nuii!?1^ 1! finger) for 
incision used for interosseus insertion an/i GyS’ b* transpalmar 
midpalmar incision for o e t r i e v i o r t í r s u ^ ^ ^ n ! ' ' 0':^''6’ = ' 
crease incision for disinserting the Palmaria loiwús "riSt
forearm incision for retrievins tha pai a K tendon, e.
anastomosis with free graft. S 0ngus tendon prior to



FIG: 8
INTEROSSEUS INSERTION PROCEDURE

A diagramatic representation of the interdigital space between the 
left index and middle fingers to show the graft encircling the first 
palmar interosseus (1.PI) and the second dorsal interosseus (2.PI).
F.D.P., flexor digitorum profundus, F.D.S., flexor digitorum sublimis, 
I-Index and M-Middle finger (refer text).



Group II

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.K., 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.O.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 extension are 
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 0 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 the standard 8 mm and 
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 exclusively given to the 
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 EF4T groups, IV, Vand VI. 
However, in the 80's the physiotherapy regimen gave way to occupational therapy 
and functional activity programmes at the beginning of the second weeks and 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 
on care 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 I. SINGLE SUBLIMIS TRANSFER FOR CONTRACTURE CLAW HAND

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



GROUP II. 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 III. 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-operative unassisted angles in each finger of a hand and 
in each hand in a group necessitated calculation of percentage correction 
at the follow-up period as proposed by Brandsma and Watson (1982).

This was calculated as follows for each finger:

s POUA - FUUA
----- ----- --------- ----- xlOO

POUA

where P.O.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 74%
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 la

SUMMARY STATISTICS OF FOLLOW-UP UNASSTSTEn ANGLE

^\Çroup 

Number or* 

Fingers 1 2 3 4 5 6

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

Poor

Correction
0(0%) 1(1%) 0(0%) 5(6%) 3(4%) 2(3%)

Fair

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

Good

Correction
29(36%) 17(21%) 14(17%) 26(33%) 22(27%) 40(50%)

Excellent

Correction
47(59%) 60(75%) 60(75%) 37(46%) 47(59%) 23(29%)

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 lb).

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 
significant at the 5% 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 21% in Group IV.

Group III and Group V (table Id).

The Chi Square test gave a value of 6.6 and was not statistically significant. 
The excellent and good results were 92% in Group III (Modified Lasso 
Procedure of Claw Hands with Long Flexor Adaptive Shortening) and 86% 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 2b).

Group I and VI respresented claw hands with flexion contractures at the 
p.X.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 lb

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

Group 1 v. Group 6.

TABLE lc

Group 2 v. Group 4.

TABLE Id

Group 3 v. Group 5

No. of 
F ingers

Correction 
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

7t% = 18.5 (p<0.001)

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

*\l = 17.2 (p<0.01)

5.

No of Correction
F ingers w p f g e

Group 3 0 0 6 14 60 80

Group 5 0 3 8 22 47 80

0 3 14 36 107 160

= 6.6 (p>0.05)



Thus the precentage correction of contracture was:

POCA - FUCA
x 100

POCA

where P.O.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 86% 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.P., 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 (1958j 1961) into good, fair and poor representing zero degrees to 
15 degrees7 16 degrees to 30 degrees and over 30 degrees respectively 
(Annexure 7).

The requirement for good and fair grades was more 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 0 (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 (14%) 18 (24%)

Excellent Correction 43 (74%) 34 (46%)

Total 58 (100%) 75 (100%)
____________ __i

TABLE 2b

Chi-Square Test of Significance to Detect Differing 
Distributions of contracture Angle Corrections in 

Group I and VI.

No. of
F ingers w p f g e

Group 1 0 2 5 8 43 58

Group 6 1 1 21 18 34 75

1 3 26 26 77 133

*4 = 13.9 (p<0.01)



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.P., joint (hyperflexion)

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

Group I and Group VI

There was Grade 0 and Grade 1 status in 92.5% of fingers in Group 1 as 
compared to 62.5% of fingers with Grade 0 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., joint 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 
increasing 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.P., joint state was Grade 0 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.CoP*, 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

M.C.P. JOINT STATUS AND FOLLOW UP UNASSISTED ANGLE

Group 1

No of 
Fingers

Status
0/1 2/3/4

Angle:G/F 69 2 71

P 5 4 9

74 6 80

= 19.1 (p<0.001)

TABLE 3b

Group II

No of 
Fingers

Status
0/1 2/3/4

Angle:G/F 70 5 75

P 3 2 5

73 7 80

DcJ = 7.4 (p<O.Oi)

TABLE 3c

Group III

No of 
Fingers

Status
0/1 2/3/4

Angle:G/F 21 53 74

P 0 6 6

21 59 80

K-l = 2.4 (p>0.05) 

G:Good, F:Fair, P:Poor

Group VI

No of 
F ingers

Status
0/1 2/3/4

Angle:G/F 43 13 56

P 7 17 24

50 30 80

TcJ = 16.3 (p<0.001)

Group IV

No of 
Fingers

Status
0/1 2/3/4

Angle:G/F 55 15 70

P 8 2 10

63 17 80

= 0.0 (p>0.05)

Group V

No of 
F ingers

Status
0/1 2/3/4

Angle:G/F 59 11 70

P 7 3 10

66 14 80

= 1.1 (p>0.05)

For M.C.P. Status 0 - 4  refer text



reclawing was 7.5% 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 26.5% of fingers 
in Group III and 78.75% of fingers in Group 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 extensors. 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 0: 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 summary 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 0. 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 
Fingers

Grade
3/2 1/0

Angle:G/F 68 3 71

P 3 6 9

• 71 9 80

= 31.6 (p<0.001)

No of 
Fingers

Grade
3/2 1/0

Angle:G/F 51 5 56

P 18 6 24

69 11 80

= 3.7 (p>0.05)

TABLE 4b

Group II Group IV

TABLE 4c

No of 
Fingers

Grade
3/2 1/0

Angle:G/F 75 0 75

P 4 1 5

79 1 80

*Xj[ = 9.2 (pCO.Ol)

Group III

No of 
Fingers

Grade
3/2 1/0

Angle:G/F 70 4 74

P 6 0 6

76 4 80

*2 = 0.3 (p>0.05)

No of 
Fingers

Grade
3/2 1/0

Angle:G/F 67 .3 70

P 8 2 10

75 5 80

"xJ = 4.0 (p<0.05)

Group V

No of 
Fingers

Grade
3/2 1/0

Angle:G/F 65 5 70

P 8 2 10

73 7 80

TCÏ- 1.7 (p>0.05)

G:Good, F:Fair, P:Poor For Finger Grades 3-0 refer text



TABLE 5a

INFLUENCE OF AGE ON FOLLOW UP UNASSISTED ANGLE GRADING
Group I

Group VI

No of 
Fingers

Age (Years)
<20 21-40 >40

Angle:G/F 14 49 8 71

P 2. 3 4 9

16 52 12 80

*X| =7.0 (p<0.05)
TABLE 5b

No of 
Fingers

Age (Years)
<20 21-40 >40

Angle:G/F 8 48 0 56

P 0 20 4 24

8 68 4 80

•Xj - 12.8 (p<0.01)

Group II Group IV

No of 
Fingers

Age (Years)
<20 21-40 >40

Angle:G/F 28 45 2 75

P 0 3 2 5

28 48 4 80

■ *2 “ 12.2 (p<0.01)
TABLE 5c

No of 
Fingers

Age (Years)
<20 21-40 >40

Angle:G/F 20 46 4 70

P 0 10 0 10

20 56 4 1 80

= 4.9 (p>0.05)

Group III Group V

No of Age (Years)
Fingers <20 21-40 >40

Angle:G/F 23 47 4 74

P 1 5 0 6

24 52 4 80

X2 “ 1.0 (p>0.05)

No of 
Fingers

Age (Years)
<20 21-40 >40

Angle:G/F 18 52 0 70

P 2 8 0 10

20 60 0 80
2

*X2 “ 0.2 (p>0.05)
G:Good, F:Fair, P:Poor Refer text



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

Group II and Group IV.

There was 98.75% 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 0 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 Ab).

Group III and Group V.

There was 95% Grade 3 and 2, and 5% Grade 1 and 0 in Group III. Whereas 
it was 90% of Grades 3 and 2, and 10% of Grade 1 and 0 in Group V. It was 
not significant when analysing it with the extent of finger correction, 
reflecting that there was no correlation between finger closure and P.I.P., 
joint correction (Table Ac).

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 AO years, the 
adults and those over AO years, representing the middle age and old.

In all groups the majority of patients were between 21 and AO 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

Group.,1 Group VI

No of 
Fingers

Duration (months)
<24 25-60 >60

Angle:G/F 24 30 17 71

P 0 2 7 9

24 32 24 80

**2 “ 11.6 (p<0.01)

TABLE 6b 

Group II

No of 
Fingers

Duration (months)
<24 25-60 >60

Angle:G/F 39 34 2 75

P 1 2 2 5

TABLE 6c 

Group III

40

*2 = 1

36

8.0 (p<0

4

.001)

80

No of 
Fingers

Duration (months)
<24 25-60 >60

Angle:G/F 41 21 12 74

P 3 3 0 6

G:Good, F:

44

# - l
2

Fair,

24

.9 (p>0. 

P:Poor

12

05)

Ref

80

er text

No of 
Fingers

Dural:ion (months)
<24 25-60 >60

Angle:G/F 2 24 30 56

P 2 4 18 24

4 28 48 80

^  " 5.3 (p>0.05)

Group IV

No of 
F ingers

Duration (months)
<24 25-60 >60

Angle:G/F 18 10 42 70

P 2 2 6 10

20 12 48 80

= 0.3 (p>0.05)

Group V

No of 
F ingers

Duration (months)
<24 25-60 >60

Angle:G/F 27 11 32 70

P 1 1 8 10

28 12 40 80

- 4.3 (p>0.05)



INFLUENCE OF ADJUVANT PROCEDURE ON THE FOLLOW UP
Un as sist ed a n g l e ¿r a p i n ò :

Group I Group VI

TABLE 7a

No of 
Fingers

Procedure
Done Not Done

Angle:G/F 27 44 71

P 5 4 9

32 48 80

= 1.0 (p>0.05)

No of 
Fingers

Procedure
Done Not Done

Angle:G/F 35 21 56

P 21 3 24

56 24 80

TcJ = 5.0 (p<0.05)

TABLE 7b

Group II Group IV

No of 
Fingers

Procedure
Done Not Done

Angle:G/F 11 64 75

P 1 4 5

12 68 80

*x£ = 0.1 (p>0.05)

TABLE 7c

Group III

No of 
Fingers

Procedure
Done Not Done

Angle:G/F 32 38 70

P 4 6 10

36 44 80

= 0.1 (p>0.05)

Group V

No of 
Fingers

Procedure
Done Not Done

Angle:G/F 46 28 74

P 2 4 6

48 32 80

'X2 = 1.9 (p>0.05)

Procedure
n o  or 
Fingers Done Not Done

Angle:G/F 35 35 70

P 5 5 10

40 40 80

= 0.0 (p>0.05)

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



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

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



GROUP I. SINGLE SUBLIMIS TRANSFER DONE FOR 
BILATERAL CONTRACTED CLAW HANDS 
Excellent results at follow-up.

(Right Hand: Top photograph and Left Hand: bottom photograph)



GROUP II. 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 III: 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. EF^T 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. EF4T FOR CLAW HANDS WITH ADAPTIVE SHORTENING OF
EXTRINSIC FLEXORS

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

S



GROUP VI. 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 based on 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 above. 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 transfer is not 
necessary in the old age groups and in patients with long duration of 
deformed hands. Early acquisition of substitute function in these patients
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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 
already 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 were not significant. 
Palande (1983) reported 18% 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 finger 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 and not 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 EF4T 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 85% 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
N

the aim of 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 observed during functional assessment that diminished 
space of the hand was not 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 use of 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 (White 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 
implications 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 procedure. The theoretical possibility of a third tendon, 
however small it is, occupying A1 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). 
I't ¡was 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 aspect of the P.I.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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CRITERIA FOR THE CHOICE OF A SUITABLE PROCEDURE FOR PARALYIC
CLAW FINGER CORRECTION

1. For Mobile Claw Hands;

2. For Contracted Claw Hands;

3. For Claw Hands with Adaptive 
Shortening of Long Flexors;

4. For Hypermobility in Claw 
Hands;

5. For Post Traumatic Nerve 
Palsies awaiting nerve 
Regeneration or for 
Sensory re-education;

6. For Hands with non- 
available motors;

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

:Brand's EF4T 
:Lennox/Fritschi PL4T

rLittlers 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.S.Rv, 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./ 
F.D.S.R., motor

:Parkes Tenodesis
:Zancolli Volar Capsulodesis (M.C.P., 
joint)
:Bunnell's Pulley advancement

:As in 6. mainly for aesthetic 
considerations



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.

8. A Criteria for the Choice of Different Surgical Procedures
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A CLASSIFICATION OF CLAW FINGER CORRECTION BY DYNAMIC TRANSFER 
(Based on the site of insertion)

A. Into Lateral Band of D.E.E., (intrinsic Replacement)

Multiple Sublimis Transfer (Stiles 1922, Bunnell 1944)
Single Sublimis Four Tail Transfers (Littlef1949, 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)

B. 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)

C. Into Proximal Phalanx (Phalangeal Insertion)

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

D. Into Pulley of Fibrous Flexor Sheath (Lasso Procedure)

Slip of Annular Ligament: 7F.C.R., with F.G.: (Riordan 1969)
Proximal half of A1 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 hypermobile claw 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 EF4T 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), 
gave 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 to mind, 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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ffiPEl
DATA SUMMARY SHEET

Single Sublimis into Lateral Bands 
Group I Of DEE for Contracture Claw Hands.
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1 6337 43 M B 72 PU/DM R 105 100 105 95 NO 2 2 2 2 0 0 0 0 G G G F
2 6400 22 M B 144 PU/DM R 75 50 90 90 YES 1 0 1 1 3 2 2 2 G E E G
3 6411 28 M B 18 PU/DM R 85 80 80 90 YES 1 1 1 1 2 2 2 1 E G E E
4 6420 17 F T 16 PU/DM R 80 70 70 75 YES 1 1 1 1 3 3 3 3 G G G G
5 6421 35 M T 48 DU/DM R 30 30 85 50 NO 0 0 0 0 3 3 3 3 E E E E
6 6425 28 M B 96 PU/DM L 70 80 90 90 YES 0 0 1 1 2 2 1 1 G F G F
7 6435 35 M B 24 PU R 30 30 30 50 NO 0 0 0 1 3 3 3 3 E E E G
8 6439 53 M P 12 PU R 20 30 60 70 NO 0 0 0 0 2 2 2 2 G G E E
9 6443 23 M B 72 PU L 35 45 100 105 NO 0 0 0 0 3 3 3 3 E E G G

10 6450 18 M B 40 PU/DM L 70 70 75 80 YES 0 3 3 0 3 3 3 3 E E E E
11 6467 25 M T 36 PU/DM L 40 45 70 75 NO 0 0 0 0 3 3 3 3 E E E E
12 6469 30 M B 60 PU R 30 30 75 50 NO 0 0 0 0 3 1 3 3 E E E E
13 6485 21 M B 72 PU/DM R 60 60 70 70 YES 0 0 0 0 1 2 2 2 E E E E
14 6485 21 M B 60 PU/DM L 80 60 50 60 YES 0 0 0 0 2 2 2 2 E E E E
15 6500 25 M B 24 PU/DM R 30 50 70 75 NO 0 0 0 0 3 3 3 3 G E G G
16 6500 25 M B 32 PU/DM L 55 55 85 85 NO 0 0 0 1 3 3 3 3 E E E G
17 6515 33 M B 216 PU/DM R 65 70 70 70 NO 0 0 0 0 3 3 3 3 E G G G
18 6522 18 F P 12 PU R 25 30 50 60 NO 0 0 0 0 3 3 3 3 G E E E
19 6532 20 M B 48 PU/DM L 95 100 100 100 YES 0 0 0 0 3 3 3 3 G G E E
20 6532 20 M B 60 PU/DM R 95 100 100 100 YES 1 1 1 1 3 3 3 3 G E F G

M:Male,F:Female,T:Tuberculoid, B.‘Borderline,P:Primary-Neurj tic HD, 
PU:Proximal Ulna Palsy, DUrDistal Ulnar palsy,DM:Distal Median 
Palsy, E: Excellen t ,G: Good ,F: Fair, P: Poor, W: Worse.

Refer text for M.C.P. joint, Finger 
Closure and follow up unassisted 
Angle grading.



ANNERIRE II
DATA SUMMARY SHEET

Interosseus insertion 
Group II For Hypermobile Claw Hands.
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21 6344 34 M B 15 PU/DM R 60 80 95 75 YES 1 1 0 1 2 2 2 2 F E E G
22 6394 35 M B 18 PU R 40 40 45 25 NO 0 0 0 0 3 3 3 3 E E E E
23 6424 16 F T 24 PU R 30 40 35 40 NO 0 0 0 0 3 3 3 3 E E E E
24 6442 21 F T 54 PU R 40 25 20 55 NO 0 0 0 0 3 3 3 3 G E E E
25 6446 45 F P 120 PU L 10 15 100 100 NO 0 0 1 1 2 2 2 2 E E G G
'26 6454 12 F T 24 PU L 15 15 30 45 NO 0 0 0 0 3 3 3 3 E E E E
'27 6456 38 M T 36 PU L 10 10 35 45 NO 0 0 0 1 3 3 3 3 E E E E
28 6460 35 F B 48 PU R 30 45 50 60 NO 0 0 0 0 2 2 2 2 P G G E
29 6463 18 M T 18 PU L 10 15 20 35 NO 3 0 0 0 3 3 3 3 E E E E
30 6468 15 F T 36 PU L 30 30 35 45 NO 0 0 0 0 3 3 3 3 E E E E
31 6470 20 M T 48 DU L 25 25 30 25 No 0 0 3 0 3 3 3 3 E E E E
32 6476 23 M B 36 PU/DM R 10 10 20 50 NO 0 0 0 0 2 2 2 2 E G E G
33 6527 14 M P 24 PU L 25 30 60 70 NO 0 0 0 0 3 3 3 3 E E E E
34 6542 13 F T 24 PU R 20 20 55 65 NO 0 0 1 1 3 3 3 3 G E G G
35 6548 30 F B 60 PU/DM L 40 30 45 60 YES 0 0 0 0 3 3 3 3 E E E E
36 6554 24 M B 48 PU L 20 30 100 100 NO 3 0 4 4 3 3 3 1 E F G G
37 6606 40 M B 24 PU/DM R 50 45 50 60 YES 0 0 0 0 3 3 3 3 G E E G
38 6632 23 M B 24 PU L 25 25 45 35 NO 0 0 0 0 3 3 3 3 E E E E
39 6648 30 M T 28 PU R 15 20 50 50 NO 0 0 0 0 3 3 3 3 E E E E
40 6717 40 M P 12 PU L 10 10 10 65 NO 0 0 0 0 3 3 3 2 E E E G

M:Male,F:Female,T:Tuberculoid HD,B:Borderline HD,
P:Primary Neuritic HD,L:Lepromatous HD, PU:Proximal Ulnar
palsy,DU:Distal Ulnar Palsy,Excellent,G:Good,F-.Fair,P:Poor,W:Worse

Refer text for M.C.P. joint, finger 
closure and follow-up unassisted angle 
. grading.



ANNEXURE III

DATA SUMMARY SHEET

Modified Lasso Procedure for Claw Hands 
with Adaptive Shortening of Extrinsic 

Group III Flexors.
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41 6356 22 M T 60 PU L 30 30 85 85 YES 4 4 4 4 3 3 3 3 E E E E
42 6398 23 M B 36 PU/DM R 75 60 105 85 NO 4 4 4 4 2 3 2 2 F G G G
43 6449 23 M P 24 PU R 20 20 80 60 NO 0 0 0 0 3 3 3 3 E E E E
44 6485 20 F B 24 PU L 60 50 30 30 NO 4 4 4 4 3 3 3 3 E F G r\

45 6492 18 F B 48 PU/DM R 20 25 40 50 NO 4 4 4 4 3 3 3 3 E G E E
46 6517 13 M P 60 PU L 40 45 95 90 NO 0 4 4 4 3 3 3 3 E E E E
47 6535 23 M B 18 PU/DM R 20 30 60 50 YES 0 0 3 0 3 3 3 3 E E E E
48 6542 24 F B 32 PU/DM R 30 25 40 40 YES 4 4 0 0 3 3 3 3 G G E E
49 6562 40 M B 24 PU/DM L 15 30 45 65 NO 0 0 0 0 3 3 3 3 E E E E
50 6567 17 M T 24 PU/DM R 40 30 90 85 YES 4 4 3 4 3 3 3 3 E E E E
51 6586 36 M P 18 DU/DM R 60 60 25 30 YES 0 0 0 0 3 3 3 3 E E E E
52 6589 55 M B 72 PU/DM L 35 55 75 60 YES 4 4 4 4 3 3 3 3 E E E E
53 6599 23 M T 15 PU R 30 10 50 60 NO 4 4 3 4 3 3 3 3 G E E E
54 6603 25 M B 72 PU L 10 10 45 30 YES 3 3 3 3 0 0 0 1 E E E E
55 6609 29 M P 20 PU/DM L 60 30 90 90 YES 4 4' 4 4 3 3 2 2 G F G G
56 6643 34 M B 108 PU/DM L 45 40 75 75 YES 4 4 4 4 3 3 3 3 E E E E
57 6712 35 M B 24 PU/DM R 45 40 50 70 YES 4 4 4 4 3 3 3 3 F F E G
58 6713 16 F T 24 PU R 25 25 90 90 NO 4 4 4 4 3 3 3 3 E E E E
59 6743 20 F T 36 PU L 30 80 85 60 YES 4 4 4 4 3 3 3 3 E E E G
60 6677 30 M B 24 PU R 30 30 40 50 YES 4 0 0 0 3 3 3 3 F E E E

M:Male,F:Female,T:Tuberculoid HD,Borderline HD,P:Primary E;Excellent,G:Good,F:Fair,P:Poor,W:Worse, Refer
Neurltic HD,L:Lepromatous HD,PU:Proximal ulnar Palsy, text f°r M.C.P. joint, Finger Closure and follow
DU:Distal Ulnar Palsy, DM:Distal Median Palsy. up unassisted angle grading.



ANNEXURE IV
DATA SUMMARY SHEET Group IV

EF4T(Brand II) for hypermobile 
Claw Hands.
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61 4762 25 M B 60 PU/DM L 50 50 55 50 NO 2 1 1 0 2 2 2 2 F F G E
62 4800 25 M T 60 PU/DM R 38 37 50 40 NO 0 0 3 3 3 3 3 G E E E
63 4893 19 M T 120 PU R 30 30 55 65 NO 0 0 0 2 3 3 3 2 E E G G
64 5005 15 M B 24 PU/DM L 70 60 65 65 YES 0 0 0 0 2 2 2 3 E G E E
65 5112 19 M T 12 PU L 10 10 66 70 NO 0 0 0 0 2 3 3 3 E E E G
66 5115 27 M B 120 PU/DM R 40 38 42 30 YES 0 0 3 3 2 3 3 3 G F E E
67 5122 13 M T 8 PU/DM R 60 50 65 50 YES 0 0 0 0 3 3 3 3 G E G E
68 5138 30 M B 36 PU/DM R 30 20 50 60 NO 1 0 0 1 2 2 2 1 F P F F
69 5139 22 M B 12 PU R 20 25 45 45 NO 0 0 2 2 1 3 3 3 E P F P
70 5147 25 M T 84 PU/DM R 15 20 40 52 YES 0 0 3 3 3 2 2 2 E E E E
71 5156 19 M B 72 PU/DM L 55 55 55 50 YES 0 0 3 3 3 3 3 3 E E E E
72 5193 29 M T 16 PU R 55 70 70 65 NO 1 0 0 1 2 2 1 1 G G G G
73 5246 30 M B 96 PU/DM L 50 38 70 58 NO 0 0 0 0 3 3 3 3 E G E E
74 5269 24 M B 84 PU/DM L 10 56 70 60 YES 0 0 1 3 3 3 3 3 W G G E
75 5450 35 M L 240 PU/DM L 40 40 60 65 YES 0 0 2 2 3 3 2 2 P P G G
76 5490 26 M L 72 PU L 20 10 35 60 YES 0 0 3 3 3 3 2 3 E E E E
77 5500 32 M B 168 PU/DM R 57 66 65 52 YES 1 1 0 0 3 3 3 3 F G G G
78 5525 60 M B 84 PU/DM L 30 35 45 55 NO 0 0 0 0 3 3 2 2 E E E G
79 5559 25 F L 240 PU/DM L 40 60 70 60 NO 0 1 0 0 3 3 3 3 F F G F
80 5559 25 F L 240 PU/DM R 57 66 65 52 NO 0 0 0 0 3 3 3 3 G E G G

M:Male,F: Female ,T: Tuberculoid HD, B: Border line HD,P:Primary Refer test for M.C.P. joint, Finger Closure
Neuritic HD,L:Lepromatous HD,PU:Proximal Ulnar Palsy,DU: and follow up unassisted angle grading.
Distal Ulnar Palsy,E:Excellent,G:Good,F:Fair,P:Poor,W:Worse.



ANNEXURE V
DATA SUMMARY SHEET

EF4T(Brand II) for Claw Hands with 
Group V adaptive shortening of extrinsic flexors.
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81 4836 36 M L 84 PU/DM R 60 60 60 77 YES 0 0 1 0 1 3 2 1 G E G G
82 4836 36 M L 84 PU/DM L 55 45 70 60 N0 0 2 0 0 3 3 3 3 F r E E
83 4888 20 M L 144 PU/DM R 55 85 95 85 YES 1 1 1 1 3 2 0 0 E E G F
84 4929 30 F B 240 PU/DM R 80 85 95 86 YES 1 1 0 2 3 2 2 2 E G E F
85 5032 29 M T . 96 PU/DM R 45 40 60 90 YES 1 0 0 2 3 3 3 2 P E E F
86 5041 25 M B 15 PU/DM R 70 70 75 45 NO 1 2 2 2 1 1 3 2 G G G P
87 5121 37 M T 8 PU/DM R 50 55 90 74 NO 2 1 3 3 3 3 3 3 F F E E
88 5185 20 M T 24 PU/DM L 65 67 90 87 N0 0 1 1 1 3 3 3 3 G G G E
89 5188 21 M B 24 PU/DM L 85 90 80 60 YES 0 1 1 1 3 2 3 3 E E E G
90 5199 28 F B 240 PU/DM R 70 70 75 80 YES 1 0 0 0 3 3 3 3 G E G G
91 5221 13 M T 6 PU/DM L 37 40 88 90 YES 0 1 1 0 2 2 2 3 G G G G
92 5223 23 M T 6 PU/DM L 75 40 90 90 YES 0 0 0 0 3 3 3 3 E E E E
93 5228 23 M L 84 PU/DM L 10 45 90 75 YES 0 0 3 3 3 3 3 3 E E E E
94 5233 23 M B 96 PU/DM L 10 43 90 73 N0 0 0 0 0 3 3 3 3 E E E E
95 5413 33 M B 240 PU/DM L 55 65 89 88 NO 1 0 0 0 3 3 3 3 P E G G
96 5439 13 M B. 12 PU/DM R 74 76 90 85 YES 0 0 0 0 3 3 3 3 E E E E
97 5510 28 M B 60 PU/DM R 60 40 105 95 NO 0 0 0 0 2 3 1 3 E E E E
98 5531 28 M B 96 PU R 40 68 84 85 NO 0 0 3 0 3 3 3 3 E E E E
99 5552 37 M B 60 PU L 85 100 .60 48 N0 0 0 0 3 3 3 3 3 E E E E

100 5539 37 M B 60 PU R 48 60 100 85 N0 1 1 2 1 3 3 3 2 G E E F

E:Excellent,G:Good,F:Fair,P:Poor,W:Worse,
Refer text for M.C.P. joint, Finger Closure 
and follow-up unassisted angle grading.

M : Male ,F: Female ,T: Tuberculoid, B: Borderline, P: Primary 
Neuritic HD,PU:Proximal Ulnar Palsy,DU:Distal Ulnar Palsy, 
DM:Distal Median Palsy.



ANNEXURE VI
DATA SUMMARY SHEET Group VI

EF4T(Brand II) for Claw Hands 
with confactures.
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101 4434 23 M T 18 PU/DM L 66 85 110 80 YES 2 0 0 0 2 2 3 3 G G G F
102 4493 35 M B 276 PU/DM L 70 85 ■100 90 NO 0 1 1 2 3 3 3 3 E E E E
103 4493 35 M B 276 PU/DM R 85 100 105 90 YES 1 2 1 1 0 0 0 0 G F G G
104 4495 25 M L 120 PU/DM L 49 65 70 70 NO 0 0 2 2 3 3 3 3 E E G G
105 4543 25 M L 108 PU/DM L 100 95 105 70 YES 2 1 1 0 2 2 2 2 G G E E
106 4544 41 M B 180 PU/DM L 65 75 90 105 YES 2 2 2 2 3 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 3 G G G G
108 4669 35 M T 144 PU/DM R 90 95 85 90 YES 2 2 2 2 3 3 3 3 G G F F
109 4705 29 M B 216 PU/DM R 75 75 85 80 YES 2 2 2 2 0 0 0 0 G F G G
110 4765 34 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 0 0 0 3 3 3 3 E G E E
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 96 PU R 106 45 50 30 YES 0 1 1 1 1 3 3 3 E E F P
114 4979 15 M B 60 PU L 40 50 110 100 NO 0 0 0 0 3 3 3 3 E E E E
115 5006 22 M P 36 PU/DM L 46 50 55 25 YES 0 0 0 0 3 3 3 3 F F F F
116 5053 27 M P 48 PU/DM L 70 95 110 75 NO 0 0 2 2 3 3 3 3 G G G G
117 5133 22 M B 48 PU/DM R 90 86 90 80 YES 0 1 1 1 3 3 3 3 E G G G
118 5253 20 F T 144 PU/DM L 10 10 100 90 YES 0 0 0 2 2 2 2 2 P W E G
119 5446 21 M B 36 PU L 90 90 110 115 NO 0 0 2 2 3 3 3 3 E E G G
120 5446 21 M B 36 PU R 100 100 100 110 YES 0 0 1 1 3 3 3 3 G E E G

M: Male, F: Female ,T: Tuberculoid HD, B: Border line HD,
P:Primary Neuri tic HD,L:Lepromatous HD,PU:Proximal Ulnar 
Palsy,DU:Distal Ulnar Palsy,DM:Distal Median Palsy.

E:Excellent,G:Good,F:Fair,P:Poor,W:Worse 
Refer text for M.C.P. joint, Finger Closure 
and follow-up unassisted angle grading.



ANNEXURE 7

GRADING OF CORRECTION OF FOLLOW-UP UNASSISTED ANGLES

Grades

Study Groups Control Groups

I II III IV V VI

Good
(o-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%)



ANNEXURE 8

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

Grades
Study Groups Control Groups

I II III IV 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%) 10(12.5%) 23(28.75%) 20(25%)

2 4(5%) -(0%) -(0%) 6(7.5%) 8(10%) 30(37.5%)

3 2(2.5%) 5(6.25%) 7(8.75%) 11(13.75%) 6(7.5%) -(o%)

4 -(0%) 2(2.5%) 52(65%) -(0%) -(0%) -(o%)

(For grades 0 to 4, refer to text)



ANNEXURE 9

GRADING OF FINGER CLOSURE AT FOLLOW-UP PERIOD

Grades
Study Groups Control Groups

I II III IV V VI

3 52(65%) 62(77.5%) 71(88.75%) 53(66.25%) 60(75%) 53(66.25%)

2 10(12.5%) 17(21.25%) 5(6.25%) 22(27.5%) 12(15%) 16(20%)

1 14(17.5%) 1(1.25%) 1(1.25%) 5(6.25%) 6(7.5%) 2(2.5%)

0 4(5%; H07.) 3(3.75%) -(0%) 2(2.5%) 9(11.25%)

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