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Abstract
Objective: In this study, we aimed to evaluate the results of our preferred tendon
transfer methods for deformities in 14 patients with high and low ulnar nerve palsy.

Methods: Between 2012 and 2018, 14 patients, 3 female and 11 male, with average
follow-up of 5 (min: 2 max: 8) years, 6 low and 8 high level, average of 6.2 (min: 2
max: 20) years from injury to surgery were evaluated in the study. The last
examinations and tests of the patients were performed in our clinic after their
consent was obtained. The claw hand presence, Froment sign, Wartenberg sign, key
pinch test, strong grip measurement, Quick Dash (QD) test, satisfaction questioning
and complications were evaluated in the examinations of the patients.

Results: For claw hand; Zancolli lasso procedure was underwent using splits of FDS-3

in 11 patients, FDS-4 and FDS-5 in 2 patients. For the Wartenberg sign; the EDM
tendon was passed through the extensor hood and A2 pulley tenodesis was
performed in 13 patients. Tenodesis was performed in 12 patients using ECRB
tendon for thumb adductorplasty. The EIP tendon was transferred to the Ist
interosseous in 12 patients for 2nd finger abduction and improve key pinch.
Tenodesis was underwent to 2nd-5th FDP’s at the wrist level for the patients with
high ulnar palsy. Complications such as claw hand recurrance in one, flexion
contracture of the 5th finger in 1, and hyperabduction of the index finger in 2
patients were found. The strong grip and key pinch measurements were evaluated as
% 62.7(max: 85 min: 22) and %63.4(max: 90 min: 33) on average compared to the
opposite hand. Postop QD mean scores of the patients were evaluated as 36.8 (max:
45 min: 9.5).

Conclusion: When dealing with the sequelae of late ulnar nerve palsy, each patient's
needs should be carefully evaluated and choosing suggested transfer methods.
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introduction: Ulnar nerve injury impairs extrinsic and

intrinsic hand movements with loss of sensation on the
little finger and ulnar side of ring finger and the ulnar
border of the hand. The loss of intrinsic muscles in the
hand causes severe impairment of fine motor movements,
including key pinch grip. The loss of flexion of small and
ring finger distal interphalangeal joints (DIP) combined
loss of ulnar wrist flexor impairs hand grip strength[1].
The weak key pinch caused by the loss of the first dorsal
interosseous and thumb adductor is compensated by
interphalangeal(IP) joint flexion (flexor pollicis longus
[FPL]) and adduction (extensor pollicis longus [EPL])
which is called the Froment's sign [2]. The claw hand
causes hyperextension of these joints and flexion of the IP
joints by long flexors due to the unregulated movement of
the extensor digitorum communis (EDC) on the
metacarpophalangeal(MCP)  joints. Normally, the
intrinsic muscles will cross the MCP joint and lengthen
the IP joints[3]. Musculotendinous units affected by low
ulnar nerve palsy are: adductor pollicis, deep head of
flexor pollicis brevis (FPB), dorsal and palmar
interosseous, abductor digiti minimi (ADM), opponens
digiti minimi, flexor digiti minimi, lumbricals to the ring,
and little fingers. In addition to low level palsy, the
following units are affected in high level ulnar palsy:
Flexor digitorum profundus (FDP) to the little and ring
finger, flexor carpi ulnaris. Some improvement in hand
function, fine finger movements and hand appearance can
be achieved by performing tendon transfers to ulnar palsy
disease, which is not suitable for repair. The claw hand
deformity is corrected by blocking the MCP
hyperextension, which allows EDC extensor forces to be
transmitted distally to the PIP and DIP via the extensor
hood. The flexor digitorum superficialis (FDS) slips of
the affected finger can be transected 2 cm proximal to
their insertion and sutured to them proximally, creating a
lasso around the Al pulley [4]. We mostly use this
procedure which is named Zancolli Lasso. Alternatively,
the FDS of the long finger can be transected 2 cm
proximal to its insertion and retracted proximally from the
tendon sheath, and then redirected distally towards the
intermetacarpal ligament and inserted into the radial
lateral bands of the little and ring fingers (Stiles-Bunnell)
[5]. Claw of all four digits (as seen in combined ulnar and
low median nerve palsy) can be treated using flexor
carpiradialis (FCR), or the extansor carpiradialis
brevis(ECRB) tendon can be splited into two to four tails
depending on the number of fingers handled. The tails are
then extended using free tendon grafts and attached to the
radial lateral bands of the small, ring and long fingers and
to the ulnar lateral band of the index finger (Brand) [6].

The power pinching (normally achieved by the ulnar
innervated adductor pollicis, the 1* dorsal interosseous
and the deep head of the FPB can be addressed using the
ECRB or FDS for an adductorplasty [7]. ECRB adductor-
plasty is performed by removing the ECRB from its
insertion at the base of the second metacarpal and
retrieving the proximal extensor retinaculum. A free
tendon graft is then used as an extension at the end of the
ECRB tendon and is directed distally between the third
and fourth metacarpals and attached to the adductor
pollicis insertion on the first metacarpal [8]. We have
always used this technique for the thumb adduktorplasty.
Alternatively, FDS adductor-plasty can be done using the
long finger FDS. The index finger is abducted by
transferring extansor indicis proprius (EIP) to the first
interosseous unit that does not work due to ulnar
paralysis. In this way, it contributes to the key pinch. Deep
flexor tendons of ring and little fingers, which contribute
to strong grip, are strengthened by tenodesis at wrist
level.> Wartenberg's sign is generally present in ulnar
palsy and has been associated with paralysis of the 3™
palmar interoosseous. As a result of the unrivaled
operation of the extensor digiti minimi (EDM), inaccurate
abduction of the little finger occurs. If the Wartenberg
finding is not accompanied by claw hand deformity, the
EDM tendon can be prevented by doing tenodesis to the
radial side of the little finger or the edm tendon EDC. If
the Wartenberg sign accompanies the claw hand
deformity, the ulnar side of the EDM tendon is separated
from the retinaculum level. Then, it is passed between the
4th and 5th metacarpals and transferred from the palmar
to A2 pulley. In this way, both MP flexion and little finger
adduction are provided [9].

Materials and Methods: All patients, who

underwent tendon transfers for unrepairable ulnar nerve
palsy by highly experienced (level 5) same hand surgeon
(KE) between 2012 and 2018, were retrospectively
analyzed [10]. The patients have been given detailed in-
formation about the study, the written informed consent
was obtained from all participants. This study was
approved by the local ethics committee (Date:
07.05.2019, approval no: 2019/9-13). Our criteria for
inclusion in the study: ulnar palsy high or low, no other
nerve injuries and no fractures. The average age of 14
patients, 3 female and 11 male, was 35 (min: 22 max: 59)
years. While the average time from injury to tendon
transfer was 6.7 (min: 2 max: 20) years, our postop
follow-up period was 5 (min:2 max: 8) years on average.
Ten patients with penetrating injuries, 3 patients had
trauma and 1 patient had gunshot injury etiology. Five of
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the patients were operated from the left hand and 9 from
the right side. While 6 of the patients had low level palsy,
8 had high level ulnar nerve palsy. The preoperative hand
deformities of the patients and the tendon transfer
methods performed were retrospectively obtained from
the patients' files and evaluated. The last examinations
and tests of the patients were performed in our clinic after
their consent was obtained. Claw hand presence, Froment
sign, Wartenberg sign, key pinch test, strong grip strength
measurement, hand Quick Dash (QD) test, satisfaction
guestioning, paper squezzing and complications were
evaluated in the examinations of the patients. Patients’s
strong grip test compared to healthy hand were evaluated.
Grip strength was measured using a dynamometer. The
key pinch test was also measured by comparing it to the
healthy side with a special dynamometer device. Claw
hand presence was clinically observed. Complications
assessed during follow-up were swan neck deformity,
contracture of the PIP joint, undercorrection resulting in
recurrent clawing and joint stiffness.

Results: For claw hand deformity, 11 patients
underwent Zancolli lasso procedure using FDS-3 split. In

Table 1: Surgical tecniques according to deformities

2 patients, the FDS-4 and FDS-5 splits for the claw hand
were underwent tenodesis on Al pulley (Figure 1). In one
patient, palmar 3" interosseous tenodesis was performed
as EDC-2 split in order to correct the 5" finger
adductorplasty and claw hand deformity. The EDM
tendon was directed to the palmar side and transferred to
the A2 pulley for the Wartenberg sign in all patients
except one patient (Figure 2). For that one patient's claw
hand deformity and wartenberg sign, the EDC-2 tendon
was split transferred to the 3" palmar interosseous. In 8
patients with high-level ulnar palsy, tenodesis was
underwent with the other 2" and 3 FDP to strengthen the
4™ and 5" FDP at the wrist level (Figure 3). Tenodesis was
performed in 12 patients using ECRB tendons for thumb
adductorplasty. After the ECRB tendon was lengthened
with PL autograft, it was passed between the 3 and 4"
metacarpals to the volar of the hand and which was
transferred to thumb adductor tubercle (Figure 4,5). The
EIP tendon was transferred to the 1% interosseous in 12
patients for 2" finger abduction (Figure 6). Transfer
methods and some of the demographic data are given in
the table (Table 1).

PN A/G Palsy Key pinch Wartenberg Claw hand Strengthening
level  Thumb Index finger sign the grip
adductorplasty | abduction
1 22/IM L ECRB* - EDM>little FDS-3 -
finger A2 pulley splits>4" 5" A1
pulley
2 31M H ECRB* EiP>1*t EDM>little FDS-3 2m-5th FDP
interosseous finger A2 pulley splits>4™ 5™ A1 tenodesis zone 6
pulley
3 34/F H ECRB* EIP>1% EDM>little FDS-3 2nd_gth FDP
interosseous  finger A2 pulley  splits>4™ 5" A1  tenodesis zone 6
pulley
4 37F L - - EDM>little FDS-3 -
finger A2 pulley splits>4™ 5" A1
pulley
5 59/M H ECRB* EipP>1% EDM>little FDS-3 2nd_gth FDP
interosseous finger A2 pulley  splits>4™ 5™ A1 tenodesis zone 6
pulley
6 20/ H ECRB* EiP>1* EDM>little FDS-3 P FDP
M interosseous finger A2 pulley splits>4™ 5™ A1 tenodesis zone 6
pulley
7 21IM H ECRB* Eip>1° EDM>little FDS-3 2m-5th FDP
interosseous finger A2 pulley splits>4™ 5™ A1 tenodesis zone 6

pulley
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12

13

14

25/
M

50/

45/

49/M

38/F

42/
M
24/
M

H

ECRB*

ECRB*

ECRB*

ECRB*

ECRB*

ECRB*

EiP>1%
interosseous

EiP>1%
interosseous

EIP>1*
interosseous
EIP>1*
interosseous

EiP>1%
interosseous

EIP>1%
interosseous
EIP>1%
interosseous

EDM>little
finger A2 pulley

EDM>little
finger A2 pulley

EDC-2 split>3™"
interosseous
EDM>little
finger A2 pulley

EDM>little
finger A2 pulley

EDM>little
finger A2 pulley
EDM>little
finger A2 pulley

FDS-3
splits>4™ 5" A1
pulley

FDS-3
splits>4™ 5™ A1
pulley

EDC-2 split>3"
interosseous
FDS-3
splits>4" 5 A1
pulley

FDS-3
splits>4™ 5" A1
pulley

FDS-4, 5 >4"
5™ A1 pulley
FDS-4, 5 >4"
5™ A1 pulley

2nd_gth FDP
tenodesis zone 6

2n-5" FDP
tenodesis zone 6

2n-5" FDP
tenodesis zone 6

Patient number (PN), Age(A), gender(G), male(M), female(F),high(H), low(L), extansor carpi radialis brevis(ECRB),
PL tendon was used for autografi(*), extansor indicis proprius(EIP), brachioradialis(BR), extansor digiti
minimi(EDM), extansor digitorum communis(EDC).

Figure 2: The EDM tendon transfer to A2 Pulley for small finger abduction and MCP flexion. (PN: 6)
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Figure 3 : The 2nd -5th FDP tendons tenodesis at wrist level (PN: 2)
- 5 7 et ——

Figure 4 : for thumb adduktorplasty, the ECRB tendon is passed through the intermetacarpal space between the third and fourth metacarpals
(PN: 8)

Figure 6: The EIP tendon transferred to the 1st interosseous. (PN: 3)
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No claw hand deformity was found in any of our patients, except the patient who was injured with a gunshot.
The Zancolli lasso procedure was underwent to this patient who had the worst adherence to postoperative rehabilitation.
One of these patients had flexion contracture in the 5™ finger PIP joint. The Wartenberg sign and swan neck deformity
were not found in any of the patients at their last examination (Figure 7,8).

Figure 8: Postop figures of patients who has low ulnar palsy. (PN: 9) (White arrow: affected side)

The strong grip measurement was evaluated as %62.7 (max: 85 min: 22) on average compared to the opposite
hand. Postop Quick-DASH mean scores of the patients were evaluated as 36.8 (max: 45 min: 9.5). Postop Key-Pinch
test mean scores of the patients were evaluated as % 63.4 (max: 90 min: 33) on average compared to the opposite hand
(Table 2). Two of the patients who underwent the first interosseous transfer using only the EIP tendon had
hyperabduction in the second finger (Figure 9.). All of our patients had surgical scarring, it was remarkable because the
hands had atrophy and they were not satisfied with this situation. Satisfied, moderately satisfied and dissatisfied were
asked three parameters in the satisfaction evaluation of the patients. Seven (%50) of the patients were satisfied, 5 (%36)
patients were moderately satisfied and two (%14) patients were not.

- - T (A

Figure 9: Postop figure of patients who has hiperabduction of index finger. (White arrow: affected side and hiperabduction of finger) (PN: 5)
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Table 2: Postop functional tests and scoring

PN  Strength grip test (% opposite hand)

Pinch test (% opposite hand)

Quick Dash score

1 %75 %80
2 %22 %45
3 %45 %65
4 %80 %90
5 %50 %40
6 %66 %70
7 %65 %65
8 %40 %65
9 %65 %70
10 %65 %33
11 %70 %50
12 %70 %65
13 %80 %70
14 %85 %80

11,5
45
40
11,5
36,4
9,5
9,5
52,3
45
45
36,4
11,5
9,5
9,5

Discussion: Many dynamic and static methods have

been described for the correction of claw hand deformity.
Brand's technigque using ECRL, Bunnel's technique and
the Modified Zancolli Lasso technique using FDS tendon
are among the most used and known methods [4, 5, 6].
Brand's technique, in which the ECRL tendon is used, is
a very good motor for MCP flexion. However, it requires
a free tendon graft like PL for its application and it is a
difficult tendon to isolate [4]. In these techniques where
wrist extensors are used and extended with free grafts, the
carpal tunnel is passed. Therefore, it may lead to the risk
of median nerve damage and increased pressure in the
tunnel [11]. The FDS tendon used in the Bunnel and
Zancolli technique is sufficient for MCP flexion and may
be thicker than the PL graft even if it is divided into 4
parts. In addition, when FDS is used as a motor, the
collection of the graft is prevented and tendon excursion
is better. The zancolli lasso technique was used in most of
the patients in the study and it was successful. The splits
of FDS-4 and FDS-5 used in 2 patients were successful in
claw hand correction. This new lasso technique, in which
the 4th and 5th tendons were used separately, was not
encountered in the literature and it was found to be
successful in this technique [7, 12, 13].

Small finger abduction is caused by the paralysis
of the third palmar interosseous, which subsequently
causes the EDM to be retracted unrequited. The authors'
preferred method to correct little finger abduction
involves transferring the EDM to the radial direction of
the small finger [14, 15]. In the Blacker's study; the
tendon was passed to the palmar side of the MCP joint, if
the joint could be hyperextended (claw hand); if not, a
simple transfer to the radial collateral ligament was
performed. Since there was claw hand in all our cases, the
EDM tendon was directed to the palmar side and
transferred to the A2 pulley. We found that this technique
was successful in thirteen patients.

Many methods have been described for thumb
adductorplasty. These methods include using FDS, BR,
EDC and ECRB tendons [8, 16, 17]. But it is most
advantageous to use ECRB. Using as the second
metacarpal pulley, the transfer is oriented according to the
original pulling direction of the adductor pollicis [8]. The
Smith's technique has been modified by Omer in two
ways: the tendon graft is passed through the
intermetacarpal space between the third and fourth
metacarpals; and the graft is guided on the back of the
thumb and sutured to the fascia over the abductor tubercle
of the thumb metacarpal for better pinching [18]. We used
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this method, which proved to provide more options for
thumb adductoplasty. For thumb adductor plasty, ECRB
was transferred using the Omer technique in all patients.
The contribution of index finger abduction to pinch is
important, and it is provided again by the transfer of the
first interosseous EiP tendon [8]. It was observed that the
average key pinch (percentage of the opposite hand) was
% 63.4 in patients. In ulnar nerve palsy, grip weakness is

one of the most important diseases and can be reduced by
%60 to %80 in high ulnar nerve palsy at 8 and %38 in low
ulnar nerve palsy [19]. The average strong grip of the
patients (relative to the opposite hand) was measured at %
62.7. Many methods of tendon transfer are recommended
in non-repairable ulnar palsy. The method we prefer is as
in the table (Table 3).

Table 3: Preferred tendon transfer method in ulnar palsy

Deformity Claw hand Key pinch Small  finger Strength grip (high level
Thumb Index  finger abduction palsy)
adduktorplasty abduction
Surgical FDS-3 splits> 4™ ECRB> abductor EIP>I* dorsal EDM>A2 2" 5" FDP tenodesis at
Technique |,5™ A1l pulley tubercule of 1% interosseous pulley wrist level
tenodesis metacarpal

The low number of patients and the fact that they were not
compared with other transfer techniques were the
limitations of our study. Peripheral nerve injuries; it is
repaired in the early period due to the developing
healthcare system and increasing hand surgeons.
Therefore, the number of patients with ulnar nerve
injuries that cannot be repaired has gradually decreased.
In addition, infectious diseases causing neuropathy such
as leprosy are now rare. Case series of ulnar palsy with
the highest number of patients in the literature are caused
by leprosy [20, 21].
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Highlights:

Tenodesis of FDS-4 and FDS-5 to Al pulley was successful for the claw hand in low level ulnar palsy.

We believe that the EDM tendon both prevents little finger abduction (Wartenberg sign) and contributes to the
little finger MCP flexion with A2 pulley tenodesis.

It was found that tenodesis of the 2"%-5" FDP tendons at the wrist level significantly increased the grip strength
of the patients in high-level ulnar palsy.
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