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ORIGINAL ARTICLE

Distal Nerve Transfers in Restoration of Elbow Flexion and Hand
Functions in Brachial Plexus and Peripheral Nerve Injuries

Sanjay Maurya!, G Vishwanath?, PS Bhandari?

Abstract

Background: Surgical management of brachial plexus
and peripheral nerve injuries remain a challenging
problem. The focus of peripheral nerve surgery is
gradually shifting form nerve graft recon-struction to
distal nerve transfers. Distal nerve transfers have
become the standard of care in brachial plexus and high
peripheral nerve injuries in many centres. The authors
describe their experience in distal nerve transfers for
restoration of elbow flexion and hand functions in
brachial plexus and high peripheral nerve injuries.

Material & Methods: 14 patients with brachial
plexus injuries and high peripheral nerve injuries
underwent reconstruction to restore elbow flexion and
hand functions. The mean age was 31 years (range
22-43) and mean time to surgery after injury was 7.7
months. Follow up averaged 18 months.

Results: Good to excellent recovery (more than M4
power) was seen in 5 of 7 patients in bifasicular nerve
transfers for elbow flexion and in 2 patients with high
radial nerve injury. Of 3 cases with ulnar nerve injury
nerve transfers resulted in good key pinch function in
two patients and satisfactory pinch function in one.
Both patients with high median nerve injury and lower
brachial plexus injury had post operative poor finger
flexion.

Conclusion: Distal nerve transfers must be
considered for useful restoration of elbow flexion in
upper brachial injuries as also in patients with high
peripheral nerve and lower brachial plexus injuries for
improving hand function.

X Sanjay Maurya

+91 9622311177

drsanjaymaurya@hotmail.com
' Associate Prof Plastic Surgery, Command Hospital (SC) &
Armed Forces Medical College Pune
Associate Prof Plastic Surgery, Command Hospital (SC) &
Armed Forces Medical College Pune
Senior Consultant Plastic Surgery, Brijlal Superspeciality
Hospital, Haldwani, Nanital

Introduction

Brachial plexus and peripheral nerve injuries are
challenging problems requiring comprehensive care.
Nerve graft reconstruction was considered the
procedure of choice until late 1990’s in cases where
primary repair of injured nerve was not feasible.
Reconstruction with nerve grafts is time consuming
and associated with poor to fair recovery after long
term follow up.' Currently, distal nerve transfers form
a viable option in reconstruction of brachial plexus and
upper limb peripheral nerve injuries. The aim of this
article is to share the experiences gained in nerve
transfers for restoration of elbow flexion and hand
function in high peripheral nerve injuries of upper limb.

Materials & Methods

14 patients with brachial plexus and upper extremity
nerve injuries were included to restore elbow flexion
and hand function. Loss of elbow flexion was due to
upper brachial plexus injury while loss of wrist and
hand functions were due to lower brachial plexus,
proximal radial, median and ulnar nerve injuries. Loss
of elbow extension was not targeted as we believe
that elbow extension is achieved with the aid of gravity.
Therefore all patients were sub grouped as (i) loss of
elbow flexion due to upper brachial plexus injury, (ii)
high median nerve injury, (iii) high ulnar nerve injury,
(iv) high radial nerve injury and (v) lower brachial
plexus injury (C8-T1 lesions). Combined lesions with
multiple nerve involvement were excluded from the
study. Distal nerve transfers to restore elbow flexion
were done using double fascicular nerve transfer
described by Oberlin, Tung and Ray in which a fascicle
of ulnar nerve was transferred to biceps branch of
musculocutaneous nerve and fascicle of median nerve
was transferred to brachialis branch (Fig 1-3).23# In
high median nerve injury, and lower brachial plexus
injury, the brachialis branch of musculocutaneous
nerve was used to target the anterior interroseous
nerve (AIN). The technique described by Ray et al.
was used for this transfer.’ In high radial nerve injury
which was irreparable primarily, the flexor carpi radialis
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branch (FCR) of median nerve was transferred to
Posterior Interroseous nerve (PIN) and one fascicle
to flexor digitorum superficialis (FDS) was transferred
to Extensor carpi radialis brevis (ECRB) branch of
radial nerve (Fig 4-7).% In high ulnar nerve injury
Pronatus quadratus branch of AIN was transferred to
motor branch of ulnar nerve in distal forearm’
(Fig 8-11). A nerve stimulator was used to locate the
donor nerves in all cases. In the post operative period
the upper limb and hand were immobilised for 3 weeks.
Joint mobilization and muscle strengthening exercises
were begun after 3 weeks and all patients were followed
up for 18 months and the recovery of muscle power
recorded as per Medical Research Council (MRC) Scale Fig. 3 Good elbow flexion
of muscle strength. At the end of 18 months the outcome
was graded as poor (M < 2or 2); satisfactory (M3),
good (M3+ and M4) and excellent (M4+ and 5).

Fig. 2 Bifasicular nerve transfer Fig 5 High radial nerve injury
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Fig. 10 Pronator quadratus branch transfer to motor branch
of ulnar nerve

Fig. 8 Missile injury of elbow with soft tissue defect and
ulnar nerve injury

Fig. 11 Good lateral key pinch grip.

Fig. 9 Soft tissue reconstruction with thoracoumbilical flap.
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Results

A total of 14 patients were included in the study and all
were males. The results are summarized in Table 1.
The most common mode of injury was two wheeler
road traffic accidents. (Table 2) Mean age of patients
with injuries was 31 years (Range 22-43 years). Mean
time for surgery was 7.7 months after the injury. Five
of seven patients with upper brachial plexus injuries

who underwent bifasicular nerve transfers had good
to excellent recovery and both the patients with high
radial nerve injury had similar outcomes. Both patients
with high median nerve injury and lower Brachial
Plexus Injuries had poor finger flexion. With ulnar nerve
injury nerve transfer resulted on good key pinch
function in two patients and satisfactory pinch function
in one patients.

Table 1 (Summary)
S.No | Age | Mode of Injury Motor deficit Neurological Operative Timing of | Functional Other ancillary
involvement procedure surgery outcomes procedure
(months)
1 24 | Road Traffic Shoulder abduction MO C5-C6 injury Bifasicular nerve 06 Elbow flexion | Spinal Asscessory
Accident(RTA) Elbow flexion MO transfer M4+ (SA) to
Suprascapular
nerve (SSN)
transfer and Long
head triceps
(LHT) branch to
Axillary (Ax)
nerve
2 28 | RTA Shoulder abduction MO C5-C6 injury Bifasicular nerve 10 Elbow flexion SA to SSN
Elbow flexion MO transfer M4 LHT to Ax
3 32 | Fall from height Shoulder abduction MO C5-C6 injury Bifasicular nerve 08 Elbow flexion | SA to SSN
Elbow flexion MO transfer M3+ LHT to Ax
4 34 | Penetrating injury arm | Index finger flexion MO HMNI Brachialis nerve to | 11 Finger flexion | Nerve grafts 4.0
Thumb pinch M0 AIN transfer M2 cms to repair
Opposition Kapandji Scale 5 Thumb pinch median N
M3
5 23 | RTA Shoulder abduction M0 C5-C6 injury Bifasicular nerve 10 Elbow flexion | SA to SSN
Elbow flexion MO transfer M4 LHT to Ax
6 31 | Missile injury elbow Weak hand intrinsic muscle High ulnar nerve| AIN pronator 05 Key pinch M4 | Soft tissue
ulnar nerve Key pinch MO injury branch to motor reconstruction of
branch of ulnar elbow defect
nerve
7 30 | RTA Shoulder abduction MO C5-C6 injury Bifasicular nerve 06 Elbow flexion | SA to SSN
Elbow flexion MO transfer M4 LHT to Ax
8 43 | Penetrating injury arm | Weak hand intrinsic muscle High ulnar nerve| AIN pronator 7 Key pinch M3 | Nil
ulnar nerve Key pinch M0 injury branch to motor
branch of ulnar
nerve
9 30 | Gunshot wound arm Wrist extension M0, Finger High radial FCR br to PIN, 6 Wrist extension| Skeletal
extension MO, Thumb nerve injury FDS br to ECRB M4+, Finger stabilisation and
extension MO extension M4 soft tissue
Thumb reocnstruction of
extension M4 arm defect
10 24 | RTA Shoulder abduction MO C5-C6 injury Bifasicular nerve 7 Elbow flexion | SA to SSN
Elbow flexion M0 transfer M4 LHT to Ax
11 34 | Fall from height Long flexors of finger MO C8-T1 Brachialis nerve to | 9 Finger flexion | Nil
AIN transfer M2
Thumb pinch
M2
12 36 | RTA Shoulder abduction MO C5-C6 injury Bifasicular nerve 10 Elbow flexion | SA to SSN
Elbow flexion MO transfer M3+ LHT to Ax
13 43 | RTA Wrist extension M0, Finger High radial FCR br to PIN, 8 Wrist extension| Skeletal
extension M0, Thumb nerve injury FDS br to ECRB M4, Finger stabilisation of
extension MO extension M4 humeral fracture,
Thumb Exploration of
extension M4 radial nerve with
long segment
involvement
14 22 | Penetrating injury arm | Weak hand intrinsic muscle High ulnar nerve| AIN pronator 6 Key pinch M3 | Nil
ulnar nerve Key pinch MO injury branch to motor
branch of ulnar
nerve
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Table 2: Mode of injury

Mode of injury Number

Road traffic accidents 7

Gunshot or missile injury 2

Penetrating sharp injury 3

Fall from height 2
Discussion

The concept of nerve transfers has evolved from the
experience gained by nerve repairs and grafting
procedures in brachial plexus and peripheral nerve
injuries. Unpredictable results of long nerve grafts and
proximal nerve repair lead to the abstraction of nerve
transfers which is gradually being accepted as a new
emerging modality in brachial plexus and peripheral
nerve surgery of upper extremity. Poor outcomes of
nerve repair have been attributed to proximal lesions,
tension at the repair site, delayed repair, long nerve
grafts and inappropriate internal nerve topography.!
Nerve transfers address these drawbacks and are now
being increasingly used for restoring upper limb
function. Nerve transfers involve coapting a healthy
functional dispensable donor nerve or fascicle to a
denervated nerve to restore the desired function. The
advantages of nerve transfers are that the coaptation
of donor to the recipient nerve is close to the target
muscles or sensory territory. The donor can be selected
as pure motor or sensory and nerve grafts avoided.®’

In restoring function of the paralysed upper
extremity, elbow flexion is the most important of all
the functions to be restored as it allows the hand to be
in position for daily activities. Transfer of an ulnar nerve
radicle to the biceps branch of musculocutaneous nerve
and median nerve fascicle to brachialis branch have
resulted in achieving good elbow flexion.>* Double
fascicular nerve transfers are suitable for upper
brachial plexus lesions involving C5-6 roots with
preserved hand function. This combined procedure is
helpful in achieving good to excellent elbow flexion
power in patients with upper Brachial Plexus Injuries.
(BPD)'*'12Of the 7 patients with upper Brachial plexus
injury who underwent bifasicular nerve transfers 4 had
excellent results with more than M4 muscle power.
We therefore consider this to the procedure of choice
in achieving elbow flexion in C5-C6 injuries.

In lower Brachial plexus injuries involving C8-T1
roots and high median nerve injuries (HMNI), restoring
hand function remains a challenge to peripheral nerve

surgeons. C8-T1 injuries produce variable ulnar and
median nerve deficit. Therefore achieving grasp and
pinch functions of the hand becomes important in
restoring upper extremity function. In preserved elbow
flexion, brachialis branch to AIN has been used to
restore these functions.’ HMNI has similar functional
deficit but with intact ulnar nerve functions. However,
HMNI are uncommon injuries accounting for less than
0.1% of upper extremity nerve injuries. They involve
the median nerve proximal to the origin of AIN.!3!
HMNI produces significant sensory and motor deficits.
The most common motor deficits involve loss of
opposition in about 30% of patients, no index finger
flexion, a weak grasp with absent thumb interphalangeal
joint flexion. Forearm pronation is weak but with
preserved middle finger flexion. Sensory deficits
include loss of protective sensation form the pulp of
thumb, index and middle fingers." In restoring the
thumb and index finger flexion along with grasp and
pinch strength, the brachialis to AIN transfer has shown
satisfactory results.>!® Of the 3 patients with C8-T1
injury and HMNI, only one patient had satisfactory
outcomes in terms of hand grasp function and thumb
pinch function. This can be attributed to delayed
presentation and late surgery. In one patient with
HMNI the median nerve was also reconstructed with
4 cms cable graft in order to give a fair chance of
sensory recovery. Nevertheless this transfer does
provide a viable option in otherwise a less favourable
situation. Another transfer that has recently been
reported and considered superior to these transfers
are nerve to ECRB to AIN, in which the authors
reported a grasp strength and pinch strength of Skg
and 2 kg respectively.!”

High radial nerve injury occurs at the level of
humeral shaft and is characterised by wrist, finger and
thumb drop resulting in inability to open the palm fully
and compromised hand function.'® When primary repair
of radial nerve is not feasible, reconstruction of radial
nerve using cable grafts remains the mainstay of
management. However the results of long gap nerve
reconstruction are unpredictable with high failure rates
to an extent of 42%, more so in untidy wounds and
late repair.!” Tendon transfers for radial nerve injuries
have been the mainstay for improving the hand
functions in unrecovered injuries and with delayed
presentation. However the disadvantages associated
with tendon transfers prompted the peripheral nerve
surgeons to explore the alternatives in form of nerve
transfers. Susan Mackinnon described the transfers
of median nerve branches to radial nerve to achieve
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the desired functions.”® The motor donor which can
be used for transfers are FDS branch to ECRB, flexor
carpi radialis branch to posterior interroseous nerve
and pronator teres to extensor carpi radialis longus
(ECRL).2"2 Qur experience in high radial nerve injury
was limited to two cases who had undergone FDS to
ECRB and FCR to PIN transfer with resultant M4
wrist, fingers and thumb extension. One patient was
of gunshot wound arm with an open fracture humerus
and soft tissue loss . The second patient had a closed
humerus fracture but a large segment of fibrosed radial
nerve precluded nerve repair. The results are
encouraging and we hope to study more such cases
before drawing conclusions.

Repair of proximal ulnar nerve injuries are
associated with poor recovery of hand intrinsic
functions.” Selective distal nerve transfer to restore
intrinsic function and sensory deficit have been reported
from 1997 onwards.?** The simplest technique to
restore motor functions of hand in high ulnar nerve
injury is achieved by transfer of AIN branch supplying
pronator quadratus to motor branch of ulnar nerve at
the level of wrist along with decompression of Guyon’s
canal.?® We used this transfer in 3 patients and we
were able to achieve M3 key pinch power in 2 patients
and M4 key pinch power in one patient. Though this
number is far too small to arrive at definite conclusions,
itis in keeping with the current literature which favours
this transfer for high ulnar nerve injury. Various authors
have reported good recovery of hand intrinsics and 6
fold increase in lateral key pinch strength and grip
strength.””-*® Flores compared the outcomes of nerve
grafting vs distal motor and sensory nerve transfers in
high ulnar nerve injuries. The nerve transfer group had
higher recovery (M3/M4 grip strength). Both groups
however had similar sensory recovery.?”’ Sensory nerve
transfers at our centre are still under evaluation and we
hope to publish combined results of these transfers.

Conclusion

Distal nerve transfers are being increasingly used in
proximal nerve injuries of upper extremity and Brachial
Plexus Injuries. The results have been encouraging
and therefore their role has been expanding to address
the deficits in spinal injuries as well. With the available
set of nerve transfers in upper extremity, a reasonable
functional outcome can be expected in proximal nerve
injuries and Brachial plexus injuries.
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