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Abstract

Nerve transfers were used, originally, to restore shoulder and elbow function in brachial plexus lesions. This
concept has been developed over the years and applied to distal nerve injuries in which lower functionality was
expected because of the gap between the injury site and the target muscle. The aim of this review is to describe
nerve transfers in the distal forearm and hand for isolated lesions of the median, ulnar and radial nerves. The
different advantages achieved by transposition of a functional nerve stump near the effector muscle have opened
up new options for the management of nerve lesions. Some of these alternatives have only been recently reported
and a few are exclusively case reports.
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INTRODUCTION

Nerve transfers were originally adopted for brachial plexus lesions to restore shoulder and elbow
function"™. This concept has been developed over the years and now, applied to distal nerve injuriesm
in which poor functional outcomes were anticipated because of the gap between the injury site and the
innervated muscle. The aim of this review is to describe nerve transfers in the distal forearm and hand for
isolated lesions of the median, ulnar and radial nerves.
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Figure 1. Anterior interosseous nerve (AIN) for thumb opposition. The axons of AIN at the level of pronator quadratus are coapted to
the thenar branch of median nerve, through a nerve graft. Yellow: functional nerve; pink: nonfunctional nerves

MOTORY NERVE TRANSFERS

Median nerve

The median nerve provides a large part of sensitivity to the palmar side of the hand, which is critical for
fine manipulation. It innervates and enables forearm pronation, has the most important role in wrist and
finger flexion, especially the thumb and index fingers, and plays a significant part in thumb opposition.

Depending on the location and severity of nerve injury, different interventions are possible”””.

In the distal forearm and in the hand, thumb opposition and restoration of sensibility of the thumb and
index finger are the main objectives of reconstruction.

Motor nerve transfers in the distal forearm and hand

Median nerve injuries, at all levels, are associated with atrophy of the thenar eminence and loss of thumb
opposition. Infrequently, atypical innervation patterns from the ulnar nerve can preserve opposition, and
these have to be evaluated closely™.

In lesions of the motor fascicles of the median nerve, direct repair or interposition of a graft remains the
treatment of choice.

When the anatomy is significantly altered however, direct repair can lead to suboptimal results as the
nerve at this level is mainly sensory and, proximally, the scheme of the motor neurons is undefined*"”. An
interpositional nerve graft could result in abnormal regeneration in which sensory fibers branch out into
the motor fibers, and consequently without thenar function.

To obtain opposition of the thumb, tendon transfers are very effective, but it should be emphasized that
these procedures require long periods of reeducation and lead to abnormal ergonomics.

If available, the anterior interosseous nerve (AIN) is dissected at the level of the branch to the pronator
quadratus and coapted [Figure 1] to the thenar branch of the median nerve (TBMN). The AIN, at this
level, is composed mainly of motor fibers with only sensory branches for proprioception of the wrist™,
with a congruous number of axons (distal AIN ~ 900; thenar motor branch ~1,050"***). It should also be
mentioned that this technique requires the use of a nerve graft, which inevitably leads to a loss of the total
number of fibers.
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Figure 2. Transfer between the motor branch of the abductor digiti quinti (ADQMB) and the thenar branch of the median nerve. This
branch is released proximally for 2/3 cm and coapted end to end towards the ADQMB branch

Reinnervation of the muscles of the thenar eminence by direct nerve repair is impossible in high median
nerve injuries, due to the long distance that the nerves have to traverse for regeneration. Nerve transfers

0] and radial nerve (motor branch to the extensor

involving the ulnar (third lumbrical motor branch)
digiti minimi and extensor carpi ulnaris) have been proposed, but until a few years ago, results were still
ambiguous and consequently, classical tendon transfers were preferred”. Bertelli et al."* recently described
promising results after nerve transfer between the motor branch of the abductor digiti quinti (ADQMB)
and the TBMN in which the ADQMB is dissected as distally as achievable, and then coapted to the TBMN

without nerve grafting[“] [Figure 2].

Anterior interosseous nerve to median recurrent motor branch transfer: technique

The surgeon opens the carpal tunnel to identify the median nerve and follows it to the origin of the TBMN,
close to the thenar eminence. In the distal forearm, the flexor digitorum superficialis and profundus are
retracted to expose the pronator quadratus and the median nerve. The AIN and the nerve branch to the
pronator quadratus are identified. The pronator quadratus is then dissected superior to the median nerve
with intramuscular dissection to obtain the maximum length.

An interpositional nerve graft (frequently the sural nerve or medial antebrachial cutaneous) is usually
necessary for tensionless suture. Range of motion of the wrist should be assessed before utilizing the graft
to ensure that hand movement will not generate excessive stress on the coaptation.

Abductor digiti quinti motor branch to the recurrent motor branch transfer: technique

A lazy S incision is made on the lateral margin of the hypothenar region, Guyon’s canal is opened, and
the motor branch of the ulnar nerve is identified and followed distally. The branch for the abductor digiti
minimi is dissected and its function assessed with an electrical stimulator. After that, the surgeon opens the
carpal tunnel to visualize the median nerve. In the median nerve, the origin of the TBMN is identified near
the thenar eminence. This branch is divided proximally for 2/3 cm and coapted end-to-end towards the
ADQMB branch.

Ulnar nerve

As a result of injury to the ulnar nerve, grip and pinch weakness, and sometimes, clawing of the last two
ulnar digits occurs"*'®. For proximal injuries, direct coaptation should reestablish sensation to the ulnar
digits[”’m]. However, after an immediate direct ulnar nerve repair, it is not possible to achieve recovery of
the innervation of the intrinsic musculature due to the long distance that the neurons must traverse for
nerve regeneration"”. Classical tendon transfers prevent deformities such as clawing, but they are often
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Figure 3. Anterior interosseous nerve (AIN) to ulnar deep motor transfer. The AIN is followed into the pronator quadratus. Proximal
neurolysis of the motor fascicle of the ulnar nerve enables tensionless coaptation. Yellow: functional nerves; pink: nonfunctional nerves

associated with a loss of strength and fluidity of movement. In isolated lesions of the ulnar nerve, various
techniques reported in the literature involve the median nerve as a donor of motor and/or sensitive fibers in
the distal forearm and in the hand”"*". The preferred motor donor is the distal AIN to restore functionality
of the intrinsic musculature. It is possible to achieve neurolysis of the motor branch of the ulnar nerve
for up to 14 centimeters proximally to the radial styloid, allowing adequate length to achieve tensionless
coaptation with the AIN donor branch [Figure 3]. In cases of injury to both the ulnar and median nerves,
the radial nerve can act as a fiber donor.

Motor nerve transfers in forearm

When there are no median nerve injuries, the anterior interosseous nerve in its distal portion directed to
the pronator quadratus muscle can be used as a fiber donor for the motor component of the ulnar nerve.
Brown et al.”” performed the first such case in 1991 and several authors have since successfully reported
this technique.

This technique is frequently executed end-to-end, and proximal neurolysis of the ulnar nerve avoids

the need for a nerve graft. Battiston and Lanzetta showed good results in seven patients who underwent

terminal anterior interosseous nerve-to-ulnar motor nerve transfer in distal forearm, proximal to Guyon’s
[22]

canal .

Brown and Mackinnon"! have shown that neurolysis up to 14 cm proximal to the radial styloid can be
performed for the ulnar nerve.

The reverse end-to-side or “supercharge” nerve transfer”**’
the ulnar nerve to regenerate spontaneously””.

can also improve intrinsic function and allow

Barbour et al.”” also suggested through their experience in nerve transfers to the ulnar nerve that
supercharged coaptations can keep the motor end plates good, as well as serve as a “babysitter”, until “native
parent” axons return.

With validation of the idea that axons can regenerate if a nerve is sutured in end-to-side fashion,
supercharged end-to-side (SETS) nerve transfers began to be used"””.

In a retrospective matched-cohort study, Baltzer et al™ compared the outcomes of supercharged end-to-
side procedures with the conventional technique in patients with a high ulnar nerve injury. As a result,
the group in which the AIN SETS was implemented had better results and recovery of the intrinsic
functionality of the hand.
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Koriem et al.”" directed a prospective study in 21 patients with a high ulnar nerve injury. In 10 patients,
the lesion was managed through direct and isolated repair of the ulnar nerve (UR) while in the remaining
11 patients, the repair was associated with a supercharged end to side (SETS) nerve transfer. In the latter
group, the patients showed improvement at six months’ follow-up, which is a shorter time than necessary
to regenerate ulnar nerve fibers from the lesion.

In 2010, Sherif and Amr'™” demonstrated that a double bridging nerve graft between the motor components
of the ulnar and median nerve in the distal forearm could prevent atrophy of the intrinsic muscle until
proximal nerve regeneration can arrive at these effectors.

These authors reported the best results in median nerve effector protection, and a good result regarding
the ulnar nerve with the creation of an artificial Martin-Gruber connection through a double end-to-side
bridge graft. In the same way, Colonna et al.”” reported a double end-to-side coaptation via a nerve graft
enabled fibers from the donor median nerve to regenerate the injured ulnar nerve

Anterior interosseous nerve to ulnar motor branch transfer technique

A lazy S incision at the level of Guyon’s canal and dissection of the pronator quadratus muscle allows
exposure of the ulnar and median nerves at the level of the distal forearm. At the level of Guyon’s canal,
it is possible to identify sensory and motor branches of the ulnar nerve; internal neurolysis of the motor
fibers of the ulnar nerve proceeds as proximally as possible and finally these are divided. The anterior
interosseous nerve is followed as it enters the pronator quadratus muscle and divided as distally as possible.
The proximal stump of the anterior interosseous nerve is then coapted end-to-end to the distal stump of
the motor branch of the previously dissected ulnar nerve.

Motor nerve transfer in the distal palm
Barbour et al.®" reported transfers from the branch of the posterior interosseous nerve (specifically,
branches from the extensor digiti minimi and extensor carpi ulnaris) with sub-optimal results.

This demonstrates the inconsistent pattern of reinnervation seen when reinnervating numerous motor
functions with an inadequate number of donor nerves.

The TBMN has been used in recent years as a fiber donor in the palm to restore function of the deep motor
branch of the ulnar nerve. Aszmann and Gesselbauer™ built on Riche-Cannieu’s ulnar-to-median nerve
communication in the palm and proposed a distal babysitting technique via a nerve graft between the
thenar branch of the median nerve (donor) and the ulnar nerve “just distal to Guyon’s canal”. At long-term
follow-up at 6 years, they presented very promising results with intrinsic motor function after distal ulnar
lesions in three patients.

In 2017, Colonna et al.”* suggested using the branch for the first lumbrical as a babysitter for the deep
motor branch of the ulnar nerve to avoid intrinsic atrophy. This hypothesis was based on anatomical
studies and qualitative and quantitative analysis of nerve fibers.

In 2018, Bertelli et al.”” described nerve transfer from the motor branch of the opponens pollicis (OPB) to
the deep branch of the ulnar nerve in the terminal division (TDDBUN) to increase pinch strength. With
promising results, they suggested combining transfers from the OPB to the TDDBUN and distal AIN to the
motor branch of the ulnar nerve for reconstruction.

Median nerve

In sensory nerve transfers for the median nerve, the fundamental aim is to restore sensitivity of the thumb
and index finger to ensure pinch and grip functions, which are essential for fine motor tasks""
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Figure 4. The fourth digital nerve is transferred end-to-end to the first digital nerve. The remaining median-dependent distal stumps are
coapted end-to-side. Yellow: functional nerves; lighter yellow: sensitive areas; pink: nonfunctional nerves

Figure 5. Very distal sensory nerve transfer described by Bertelli: sensory dorsal radial nerve branches coapted to the palmar nerves at
the level of the metacarpal-phalangeal joint

The recovery of sensory function is not influenced by timing as motor function is. However, it must be
remembered that a classic nerve graft in a high median lesion translates into recovery times for sensation of

[39,40]

more than a year; this also results in long recovery times without protective sensitivity

For these reasons, different fiber donors have been considered to restore sensation to the critical median
nerve, depending on availability.

In isolated lesions of the median nerve, one possibility is to sacrifice the digital nerve directed to the fourth
interdigital space and innervated by the ulnar nerve, to re-innervate the first interdigital space, in particular
the ulnar margin of the first finger and the radial margin of the second finger. This nerve transfer is done
end-to-end"’. To ensure proprioception in non-critical areas, end-to-side coaptations are performed
between the distal stumps of these areas and a functioning sensory branch [Figure 4].

Another option in high median nerve injuries is to use the dorsal sensory branch from the radial nerve'"*”.

Bertelli et al."*” described promising results with a “very distal nerve transfer” from dorsal branches of the
radial nerve to palmar nerves at the level of the proximal phalanx [Figure 5].
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Figure 6. Transfer of sensation with transposition of fascicles for the third to the first web space. Yellow: functional nerves; lighter
yellow: sensitive areas; pink: nonfunctional nerves; lighter pink: non sensitive areas

)" the sensory

In incomplete lesions of the median nerve or high lesions of the brachial plexus (C5-Ce
component for the third interdigital space can be preserved since it originates from a distinct fascicle. This
fascicle can be dissected up to the distal forearm and coapted to the distal portion of the fascicle for the
first web space in order to restore critical sensitivity between the thumb and index finger [Figure 6]. It is
possible to access both the recipient and donor nerves nearby through a single incision. This technique also
avoids performing a sensory nerve transfer in the hand, thereby avoiding scarring on the palmar surface of
the hand itself. In addition, the repair is quick and easy to achieve™. The distal stumps of the donor fascicle

are also coapted end-to-side to the functional fascicles to maintain protective sensation in the donor site.

Fourth web space digital nerve to first web space digital nerve transfer: technique

A classic incision is made over the carpal tunnel and extended to the first and fourth web spaces with
zigzag Bruner-Type incisions. Under the superficial arterial arch, the branches of the median and ulnar
nerves are identified. The branch to the fourth web space is followed and divided as distally as possible,
which corresponds to the heads of the metacarpals. The nerve to the first web space is dissected proximally
in order to achieve a length that allows tensionless coaptation. When an adequate length is obtained, the
median-dependent branch is cut proximally and transferred to the proximal stump of the fourth digital
nerve, which is dependent on the ulnar nerve. All other remaining sensory nerves are coapted end-to-side,
as in Figure 4, to restore protective sensation.

Very distal sensory nerve transfers in high median nerve lesions: technique

The surgeon makes a V incision on the radial side of the metacarpophalangeal joint of the second finger.
This incision exposes the dorsal sensory branch of the radial nerve and the radial collateral of the digital
nerve of the second finger from the median nerve. These are divided in such a way that the proximal stump
of the dorsal sensory branch for the second finger can be sutured end-to-end to the distal stump of the
radial collateral of the proper digital nerve. Another V-shaped skin incision is performed, centered on the
ulnar side of the metacarpophalangeal joint of the first finger, and the dorsal sensory branch and the digital
collateral nerve are identified. These are subsequently divided and coapted as previously described for the
second finger.

Radial nerve

The sensibility of the dorsum of the hand can be re-established via the lateral antebrachial cutaneous nerve
(LACN) due to its characteristics. The LACN runs near the sensory radial branch of the distal forearm. Its
dimensions are suitable for end-to-end coaptation, which can restore a large area of sensation to the back
of the hand, by sacrificing a critical distal distribution. The LACN is also expendable and its use does not
create significant morbidity along its supplied territory[“].
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Figure 7. Nerve transfers in an end-to-end strategy to restore ulnar sensation. Protective sensation of the third web space is maintained
through end-to-side coaptation of the distal stump on the sensitive portion of the median nerve itself

The back of the hand supplied by the radial nerve is not critical. This has prompted some authors to suggest

end-to-side coaptation on the functioning median nerve and indeed, this has been performed in many

te®l Experimental data have also shown that the axons transmitted in these end-to-side

50,51]

clinical scenarios
. . . . . [
strategies provide maximum protective sensation

Recently, Somsak suggested an end-to-side transfer as a treatment for C5-Ceé root avulsions. In addition
to the loss of sensation, such patients may experience pain on the dorsoradial aspect of the hand. An end-
to-side transfer between the superficial branch of the radial nerve to the ulnovolar portion of the median
nerve has shown promise in relieving pain and providing protective sensation'””

Ulnar nerve

Sensory nerve transfers for isolated ulnar nerve injuries aim to reestablish protective sensation to the ulnar
border of the hand™. In the literature, several methods have been proposed by different authors to utilize
the functioning median nerve in order to provide sensation to the distribution of the ulnar nerve.

In the event of a brachial plexus or high ulnar nerve injury, the nerve directed to the third web space can be
used to restore sensation to the ulnar border of the hand, which is more critical™.

Brown et al.*” described end-to-end coaptation between the proximal stump of the nerve of the third web
space and the distal stump of the nerve for the fourth web space in the distal forearm.

Furthermore, the dorsal sensory branch of the ulnar nerve is coapted end-to-side to the sensory part of the
median nerve after making an epineural opening [Figure 7].

Flores reported an analogous approach, with the use of an end-to-side technique'™”.

The sensitivity of the ulnar side of the hand can, in fact, be restored with end-to-side nerve transfers.
This can be done using the median branch to the third web space as a donor. Another possible technique
involves coaptation of the sensitive branches of the ulnar nerve with the functional median nerve at the
level of the forearm"®'. These techniques allow restoration of the sensitivity of the ulnar border of the hand
without denervation of the territories supplied by the median nerve.

Oberlin ef al.” described coaptation in the distal forearm with an interpositional nerve graft between the
LACN and the dorsal branch of the ulnar nerve. Ruchelsman et al.””” described a revised technique, which
avoids the use of an interpositional graft through dissection for a longer LACN.
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Table 1. Motory nerve transfers in distal forearm and in the hand

Recipient  Donor Modality Advantage Disvantage Ref.
Median  TBMN AIN End-to-End  Congruous number of Axon Not available in high median nerve [10-12]
N. Lesion (Pronator) lesion

Interpositional nerve graft needed

TBMN EDMNB  End-to-End Unclear results [4]
TBMN ECUMB End-to-End Unclear results [4]
TBMN TLMB End-to-End Unclear results [13]
TBMN ADQMB  End-to-End No need of interpositional nerve graft [14]
Ulnar N.  MBUN AIN End-to-End  No need of interpositional nerve graft Dispersion of axons to the hypotenar [4,22,25]
Lesion (Pronator) Reliable technique musculature
MBUN AIN SETS Allow the ulnar nerve to regenerate  Unclear results [30,31]
(Pronator) spontaneously
MBUN MBMN DBNG Allow the ulnar nerve to regenerate  Interpositional nerve graft needed [32]
spontaneously Unclear results
MBUN EDMNB  End-to-End Low morbidity Interpositional nerve graft needed [34]
Suboptimal results
MBUN ECUMB End-to-End  Low morbidity Interpositional nerve graft needed [34]
Suboptimal results
DMBUN TBMN DBNG Allow the ulnar nerve to regenerate  Interpositional nerve graft needed [35]
spontaneously
TDDBUN OPB End-to-End  Very distal transfer [37]

Can restore pinch strength
Could be combined with the AIN
nerve transfer

TBMN: Thenar branch of median nerve; AIN: anterior interosseous nerve; EDMNB: extensor digiti minimi motor branch; ECUMB:
extensor carpi ulnaris motor branch; TLMB: third lumbrical motor branch; ADQMB: abductor digiti quinti motor branch; MBUN: motor
branch of ulnar nerve; SETS: supercharged end to side; MBMN: motor branch of median nerve; DBNG: double bridging nerve graft;
DMBUN: deep motor branch of ulnar nerve; TDDBUN: terminal division deep branch of the ulnar nerve; OPB: opponens pollicis branch

Other strategies involve direct end-to-end coaptation including between the palmar cutaneous branch of

. [22,56,58]
the median nerve as donors and the ulnar dorsal nerve .

Nerve transfers to restore ulnar sensation: technique

Nerve transfers to restore sensation of the ulnar nerve are generally performed simultaneously with motor
transfers. Sensory fascicles of the ulnar nerve are dissected proximally. Distal to the carpal tunnel, it is
possible to recognize the fascicles directed to the third interdigital space. These are dissected proximally
to the distal forearm. Here the sensory fascicles of the ulnar nerve and the fascicles directed to the third
web space are coapted end-to-end as illustrated in Figure 7. The dorsal cutaneous ulnar branch is divided
proximally and transferred, tension free, to the median nerve. Protective sensation of the third web space
is maintained through end-to-side coaptation between the distal stump of the fascicle and the sensitive
portion of the median nerve itself.

CONCLUSION

Nerve transfers in the distal forearm and hand appear to be a viable and promising option in patients with
peripheral nerve injuries. The numerous advantages offered by transposition of a functional nerve stump
near the effector muscle have opened up new alternatives to nerve grafts and tendon transfers, for the
treatment of nerve injuries. The surgeon who performs brachial plexus surgery must be able to provide the
best treatment for the patient and his needs. The complexity of the anatomical components and the density
of the nerve structures in the distal forearm and hand give rise to various reconstructive possibilities. The
main nerve transfers of the distal forearm and in the hand have been summarized in Tables 1 and 2. The
addition of new concepts such as very distal nerve transfers and end-to-side coaptations have led to new
solutions for previous problems in which solutions were more complex and are sometimes associated with
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Table 2. Sensory Nerve Transfers in distal forearm and in the hand
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Recipient Donor Modality Advantage Disvantage Ref.
Median N. 1 Digital Branch IV Digital End-to-End Restore sensitivity of the thumb Loss of sensitivity of the IV web [4]
Lesion + Branch End-to-Side and index finger space
Il and III Ulnar Sensory Proprioceptive sensitivity in non-
Digital Branch Branch critical areas
Collateral Sensory Dorsal End-to-End  Restore sensitivity of the thumb Provide just protective [41-43]
Digital Nerve  Branch of and index finger sensitivity
inthe I Web  Radial Nerve Maintain proprioceptive
space sensitivity in donor areas due to
an end-to-side coaptation for
the distal dorsal stumps
Component for Component for End-to-End  Useful in cases of C5-C6 lesions Loss of sensitivity of the IV web [44]
I digital nerve III digital nerve space
Radial N.  Radial Sensory LACN End-to-End Dimensions comparable for the [4]
Lesion Branch coapation
Donor runs near the recipient
Radial Sensory Median Nerve End-to-Side No loss of sensitivity Provide just protective [52]
Branch Useful in cases of C5-C6 lesions sensitivity
Ulnar N.  Ulnar Sensory 1II Digital End-to-End Restore sensitivity of the ulnar ~ Proprioceptive sensitivity in [54]
Lesion Branch Branch border of the hand donor areas due to an end-to-
side coaptation for the distal
stumps
Ulnar Sensory 111 Digital End-to-Side No loss of sensitivity Provide just protective sensitivity [55]
Branch Branch of the ulnar border of the hand
Ulnar Sensory Median nerve End-to-End No scar in the hand Protective sensitivity for the [16]
Branch branch in Restore sensitivity of the ulnar  third web space through an end-
forearm border of the hand to-side strategy
Ulnar Sensory Median nerve End-to-Side No scar in the hand Provide just protective sensitivity [16]
Branch branch in lloss of sensitivity of the ulnar border of the hand
forearm
Dorsal Ulnar ~ LACN End-to-Side No loss of sensitivity Provide just protective [56,57]
Sensory sensitivity
Branch
Ulnar Sensory PCBMN End-to-End  Restore sensitivity of the ulnar ~ Proprioceptive sensitivity in [22,56,58]
Branch border of the hand donor areas due to an end-to-

side coaptation for the distal
stumps

LACN: lateral antebrachial cutaneous nerve; PCBMN: palmar cutaneous branch of median nerve

greater morbidity. Such techniques can be found in the recent literature but require further study because
some of them remain isolated case reports.
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