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Introduction

Nerve transfers involve the division of an expend-
able motor or sensory nerve and anastomosing it
to the distal intact portion of an injured nerve.
Nerve coaptation can be performed in an end to
end (ETE), or end to side (ETS) fashion beyond
the zone of injury. The nerve transfer is ideally
performed close to the end organ (muscle or skin);
thus minimizing the time required for innervation
from the donor transferred nerve. Historically,
nerve transfers have been utilized for the treat-
ment of traumatic proximal motor nerve injuries,
particularly those involving the brachial plexus.
Nerve transfers are most commonly used as an
alternative to direct nerve repair and nerve graft-
ing when the site of nerve damage is very proxi-
mal, precluding re-innervation of distal target
muscles or when the area of injury is extensive,
necessitating long intercalated nerve grafts with
low potentials for meaningful recovery [1].

The use of nerve transfers, while rare in the
majority of compressive neuropathies, can be
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considered in cases of severe proximal compres-
sion leading to axonal loss or in cases of iatro-
genic injury following surgery. While most nerve
transfers have classically been performed as ETE
repairs, in this chapter we will advocate for the
use of ETS transfers. ETS transfer allows for the
preservation of recovering native nerve fibers
while also allowing for the benefits of a distal
ETS transfer. Recent data suggests that the bene-
fits of ETS transfers can include preservation of
motor end plates, improved native nerve recovery
and additional axonal fiber ingrowth from the
donor nerve [2, 3]. Such ETS transfers have been
referred to as “supercharged” end to side trans-
fers (SETS) and can help to preserve muscle
function, restore protective sensation and poten-
tially accelerate the recovery of native ingrowing
nerve fibers [2, 4, 5]. Here we describe the prin-
ciples and strategies for nerve transfers to restore
sensation and muscle function in cases of severe
median and ulnar compressive neuropathies.

Nerve Transfer Principles

Nerve transfers are performed as an alternative to
direct nerve repair and nerve grafting. The proce-
dure involves transfer a local, uninjured and
expendable nerve or fascicle to the injured nerve
close to the recipient end organ (muscle or skin).
It effectively converts a proximal nerve injury into
a distal injury. The classic example is that of the

169

D. G. Sotereanos, L. K. Papatheodorou (eds.), Compressive Neuropathies of the Upper Extremity,

https://doi.org/10.1007/978-3-030-37289-7_18


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-37289-7_18&domain=pdf
https://doi.org/10.1007/978-3-030-37289-7_18
mailto:moran.steven@mayo.edu

170

J.A.Gillisand S. L. Moran

Oberlin transfer where a motor fascicle of the
ulnar nerve is transferred to the biceps for restora-
tion of elbow flexion following an upper trunk
brachial plexus injury [6, 7]. The Oberlin proce-
dure is illustrative of the potential advantages of
nerve transfer procedures as the donor nerve is
attached close to the biceps muscle, thus minimiz-
ing the time for innervation. Decreasing the time
to innervation will theoretically decreasing the
loss of motor end plates and fatty replacement of
the denervated muscle [8]. The second major ben-
efit is that the transfer can be performed out of the
zone of injury. Theoretically one transferred nerve
can innervate multiple muscle groups, such as the
anterior interosseous nerve transferred to the
motor branch of the ulnar nerve. Finally, nerve
transfers, (if successful), can reestablish the native
tendon muscle interaction which can restore inde-
pendent finger motion, in comparison to tendon
transfers which link muscle groups together.
More recent evidence has suggested that end
to side motor transfers provide the added benefit
of releasing neurotropic factors to the proximal
and distal ends of the injured nerve which can
stimulate the recovery of proximal native nerve
fibers [2]. MacKinnon and colleagues have devel-
oped the term supercharging or SETS transfer, as
a way to describe an ETS nerve transfers, which
augment native nerve healing. The SETS transfer
has been shown to add regenerating motor axons
across the ETS coaptation to reinnervate the neu-
romuscular junction. Farber and colleagues
looked at nerve recovery in an incomplete sciatic
nerve injury model in mice, in which the tibial
nerve was cut and a nerve allograft was inter-
posed [2]. This was compared to those mice
where the peroneal nerve was sutured in a SETS
fashion in addition to the tibial nerve isograft.
During nerve regeneration, they found axonal
contribution from both the partially injured tibial
nerve and axonal sprouting from the SETS pero-
neal nerve [2]. This correlated to increased func-
tion and a higher muscle specific force during
sciatic nerve stimulation of the gastrocnemius
muscle compared to the mice without the SETS
transfer. When the peroneal nerve contribution
was removed by cutting the coaptation, the
increased force was no longer significant [2]. The
authors believe that the SETS transfer acts to

“babysit” the muscle and protect it from atrophy
by providing axons at an earlier time point in
addition to donating additional motoneurons to
achieve target muscle reinnervation [2].

Nerve transfers are contraindicated when there
is end-organ unresponsiveness, motor denervation
for greater than 12 months, or loss of the muscu-
lotendinous unit due to trauma or fibrosis. A
healthy donor nerve, as evident by a strong donor
muscle, is required for a successful nerve transfer,
typically greater than a Modified British Medical
Research Council (BMRC) graded 4. In addition,
there should be a large proportion of the type of
axons required for the function you wish to restore
(i.e.: large number of purely motor axons for
motor reconstruction). Thus, one should strive for
a pure motor or sensory nerve with greater than
M4 or S4 at the time of transfer.

Joint releases, if necessary, should be performed
prior to nerve transfer and passive motion of all
effected joints maximized. If tendon transfers have
been performed in addition to nerve transfers, then
the tendon transfer rehabilitation will dictate the
post-operative protocol [9]. The time required for
functional recovery following nerve transfer can
vary from 6 to 12 months or longer [6, 10].

Diagnosis

Nerve transfer for median or ulnar nerve com-
pression should be reserved for cases exhibiting
signs of pre-operative axonal injury. Compressive
neuropathies progress in severity and early cases
will present with intermittent symptoms and this
is often a sign of dynamic reversible nerve isch-
emia. If compression is persistent, nerve isch-
emia can progress to demyelination; in these
cases, the nerve conduction studies will show
slowing conduction velocities. If compression is
severe or long standing, nerve injury progresses
from demyelination to axonal injury. These
patients classically have signs of motor weakness
on physical exam and evidence of muscle atrophy.
For cases of severe ulnar nerve compression, we
would expect to see intrinsic wasting, inability to
cross the fingers, a positive Froment sign and
clawing. For cases of severe median nerve com-
pression at the level of the wrist one should see
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thenar atrophy and loss of palmar abduction of
the thumb. These physical findings can be coop-
erated with the use of nerve conduction studies
where one will see decrease amplitude. The EMG
will show signs of fibrillations during the resting
phase which is a definitive sign for denervation.
If motor unit action potentials are seen during the
recruitment phase of the EMG, this indicates col-
lateral sprouting and evidence of attempted
recovery.

In regard to chronic ulnar neuropathy, recent
findings from Power and colleagues show that a
reduction in compound muscle action potentials
(CMAP) in the first dorsal interosseous muscle is
a reliable indicator of axonal loss and substantial
nerve compression [11]. In these cases, the nerve
will recover at 1 mm per day in an ideal environ-
ment. This means that if the compression has
occurred at the level of the elbow it may be over
a year until the intrinsic muscles in the hand will
receive re-innervation. Based on the time line of
injury this may result in poor recovery of motor
function without the aid of a SETS transfer.

SETS transfer should be reserved for patients
with electro diagnostic evidence of denervation.
Fibrillation in the intrinsic muscles in the hand
points to recent denervation and the potential for
re-innervation. CMAPs should be of low ampli-
tude reflecting the severity of axonal involve-
ment; however absence of CMAPs suggests that
the amount of nerve injury has been present too
long to allow for meaningful recovery [11].
Davidge and colleagues have shown that patients
who showed little improvement following SETS
transfer had absence of fibrillation and CMAPs
preoperatively [12]. As a corollary, CMAPs of
good amplitude suggest that recovery of function
may occur with simple decompression and SETS
may not be required. To summarize, the best
patients for transfer will:

1. Have signs of ulnar atrophy/ or median nerve
atrophy.

2. Have evidence of fibrillations on EMG.

3. Decreased, but not absent, CMAPs.

We will now examine the details of specific
transfers for both ulnar and median nerve
compression.

Ulnar Nerve Compression

Ulnar Nerve Compression Below

the Elbow

In a low ulnar nerve palsy, the flexor carpi ulnaris
(FCU) and flexor digitorum profundus (FDP) to
the ring and little finger are spared. Thus, the
deep motor branch to the intrinsic hand muscles
is affected, in addition to the volar sensation to
the little finger, half of the ring finger and the
palm. Intrinsic motor loss can lead to a claw
deformity. Coordinated flexion is lost as the lum-
brical muscles first flex the metacarpophalangeal
joints (MCPJ) when making a fist, followed by
activation of the extrinsic flexor tendons. With
intrinsic loss, the extrinsic flexors will initiate
movement and finger flexion will begin at the
interphalangeal joints (IPJs), which results in a
rolling motion where the fingers prematurely
close before they reach the palm [13].
Additionally, with the loss of the adductor polli-
cus, Ist dorsal interosseous, and deep head of the
flexor pollicis brevis (FPB) key pinch is weak-
ened. Due to loss of finger adduction from the
interossei muscles, the little finger can develop an
abducted posture due to the unopposed pull of the
extensor  digiti minimi, producing the
Wartenberg’s sign [13]. While most cases of
compression do not display all of these signs we
would advocate for SETS transfers for those with
evidence of 1st dorsal interosseous atrophy and
decreased CMAPs.

Motor SETS Transfer in Cases of Severe
Lower Ulnar Compression
The target nerve for motor reconstruction of low
ulnar nerve palsy is the deep motor branch of the
ulnar nerve. This is usually found between the
dorsal cutaneous branch of the ulnar nerve
(DCBUN) and the sensory branch of the ulnar
nerve [14]. The common donor nerve transfers
are the anterior interosseous nerve (AIN) from
the median nerve [4, 12, 15], and end to side from
the thenar motor branch using a bridging nerve
graft [16] (See Table 18.1 for list of possible
nerve donors and recipients).

The AIN transfer can be done as ETE transfer
or an end-to-side SETS “supercharge” transfer
into the ulnar motor branch. The ETE transfer is
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typically performed if there is no chance of recov-
ery of the ulnar nerve from a proximal injury. If
there is an incomplete or mixed injury, as in the
case of severe compression, where some motor
recovery is expected, then a SETS transfer may be
beneficial. This can help to reinnervate the distal
targets quicker and preserve motor plate function
while the native ulnar nerve recovers [2, 12, 14].
The SETS AIN to deep motor transfer has been
shown to improve recovery of intrinsic function

with complete ulnar nerve injury. Davidge and
colleagues in 2015, reported the outcomes of their
SETS AIN to ulnar motor transfer in a mixed
group of patients with severe motor and sensory
ulnar nerve dysfunction [12]. At an average of
8 months following SETS transfer, 70% of
patients had BMRC >M3, as opposed to 15% pre-
operatively. Motor improvement was seen in 50%
of patients between 3 and 12 months, which was
attributed to the SETS transfer [12]. Those with

Table 18.1 Nerve transfers for ulnar and median neuropathies

Nerve deficit Donor nerves Recipient nerves Function restored
Ulnar nerve
Motor 1. AIN (median) Deep motor branch Intrinsic hand
2. Bridging graft to median nerve function
Sensory 1. 3rd webspace (median) 1. 4th webspace Ulnar hand
2. DCBUN (ulnar)(not available in a high injury) 2. Ulnar sensory sensation
3. Median nerve (end-to-side) 3. Ulnar digital nerve of
4. LABC/MABC little finger
5. PCB of median or ulnar (not available in a high 4. Dorsal cutaneous branch

injury)
6. Bridging graft to median
. RDN long or ring finger (median)
. Radial sensory (radial)

[c BN

Median nerve
Low motor 1. AIN (median)
2. FDS/FCR/PL (median)
3. Abductor digiti minimi (ulnar)
4. 3rd lumbrical (ulnar)
High motor 1. Brachialis (MCN)
2. Supinator (radial)
3. ECRB (radial)
4. FDS/FCR/PL (median) — if available
5. Bridging graft to ulnar
1. ECRB (radial)
2. Brachioradialis (radial)
3. Supinator (radial)
4. FCU (ulnar)
5. FDS (median) — if available
1. Abductor digiti minimi (ulnar)
2. 3rd lumbrical (ulnar)
1. 4th webspace (ulnar)
2. DCBUN (ulnar)
3. Radial sensory (radial)
4. LABC
5. Ulnar nerve (end-to-side)
Combined palsy
Motor 1. EDM/ECU (radial)
2. EIP/EPB/APL (radial)
Sensory 1. Radial sensory (radial)
2. LABC

Sensory

(in high injuries and
possibly low)

Recurrent motor branch Thumb opposition

AIN Wrist finger and

thumb flexion

Pronator teres Forearm pronation

Recurrent motor branch Thumb opposition

1. Sensation to
thumb and index

2. Sensation to
2nd/3rd webspace
(non-critical)

1. Ist webspace
2. 2nd/3rd webspace

Deep motor branch of ulnar Intrinsic hand

nerve function
First webspace of median ~ Sensation to thumb
nerve and index

AIN anterior interosseous nerve, FDS flexor digitorum profundus, EDM extensor digiti minimi, ECU extensor carpi
ulnaris, EIP extensor indicis proprius, EPB extensor pollicis brevis, APL abductor pollicis longus, DCBUN dorsal cuta-
neous branch of ulnar nerve, LABC lateral antebrachial cutaneous, MABC medial antebrachial cutaneous, PCB palmar
cutaneous branch, RDN radial digital nerve, FCR flexor carpi radialis, PL palmaris longus, MCN musculocutaneous
nerve, ECRB extensor carpi radialis brevis, FCU flexor carpi ulnaris
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evidence of AIN injury or absent motor unit
potentials on pre-operative EMG had worse
recovery. Following sacrifice of the AIN they did
not report any limitations in forearm pronation.
While the use of SETS transfers in chronic
ulnar nerve compression is still controversial
several studies have noted promising results.
Barbour and colleagues suggest that the use of
the SETS AIN transfer is an important adjunct in
those patients with severe or failed cubital tunnel
surgery [14]. In Davidge’s study, there were 15
patients with a compression neuropathy at the
elbow who underwent both SETS AIN to ulnar
motor transfer in conjunction with an anterior
transposition and Guyon’s release; seven of
these patients had a rapid recovery [12].
Unfortunately, they did not perform any sub-
group analysis separating the compressive group
from the other traumatic injuries. Baltzer and
colleagues evaluated the use of the SETS AIN
transfer in a matched cohort study comparing
ulnar nerve repair alone with ulnar nerve repair

and SETS AIN transfer, in addition to ulnar
nerve release alone with ulnar nerve release and
SETS AIN transfer. They found that the SETS
AIN transfer improved intrinsic recovery, with
84% recovery with the transfer compared to 38%
without. In this study, recovery of motor func-
tion was more rapid with SETS transfer occur-
ring at an average of 3.4 months versus
12.0 months in those without the transfer [4]. It
is important to note that the conventional group
that received a cubital tunnel and Guyon’s canal
release and those with an added SETS transfer
had a 67% chance long term of recovering intrin-
sic function [4]. While results with traumatic
injuries are encouraging, more study will be
needed to determine which patients with com-
pressive neuropathies are the best candidates for
SETS AIN transfer. Since the donor site morbid-
ity is so low, we still recommend this procedure
for patients with evidence of atrophy and low
amplitude CMAP response in the first dorsal
interosseous muscle (Fig. 18.1).

Fig.18.1 A case of a 61 year old man with signs of severe
ulnar nerve compression on EMG and nerve conduction
studies. The site of compression is localized to the cubital
tunnel. CMAPs were reduced in the ADM muscle and 1st
dorsal interosseous muscle. (a) The patient’s hand shows
signs of clawing pre-operatively. (b) Incisions are planned
for full ulnar nerve release with submuscular transposition,

AIN distal SETS transfer, and cross bridging sensory graft
from median to ulnar sensory nerve at the level of the
wrist. (¢) AIN transfer completed in an ETS fashion to
ulnar motor branch. (d) Bridging allografts or “cross-cross
grafts” were used to go from median sensory nerve to 3rd
web space and long finger to both sensory fascicles of the
ulnar nerve going to ring and small finger
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As an alternative to the AIN SETS transfer,
Sherif and Amr looked at using a nerve graft
“bridge” sutured end to side into both the median
and ulnar nerve in four patients with either a high
median or ulnar nerve injury [16]. All cases were
combined with grafting of the proximal injured
nerve. The authors found early intrinsic hand mus-
cle reinnervation with these high injuries, suggest-
ing that reinnervation occurred through the bridge
graft. In all patients, EMG studies had activation
of the recipient nerve’s intrinsic muscles through
the donor nerve and bridge graft and not from the
repaired ulnar nerve [16]. We find this a good
option when severe compression has occurred at
the level of Guyon’s canal or in cases of severe
proximal median nerve compression (Fig. 18.2).

Surgical Technique: AIN to Deep
Ulnar Motor Branch SETS Technique

The ulnar nerve is exposed in the distal forearm
through either a curvilinear or Bruner-style inci-
sion (Fig. 18.3). The flexor carpi ulnaris (FCU)
tendon and muscle belly is retracted ulnarly to
identify the ulnar artery and nerve. The branch
point of the DCBUN is identified. The most ulnar
fascicle distal to this level will represent the deep
motor branch, while the radial fascicle is the sen-
sory nerve. If needed, the ulnar nerve and deep
motor branch can be identified distally with a
Guyon’s canal release and traced proximally to
determine the correct ulnar nerve topography.
The ulnar motor branch can be stimulated to

Fig.18.2 An alternative to AIN SETS transfer in patients
with pre-existing injury to AIN or injury distal to Guyon’s
canal is a bridge graft performed from in an ETS fashion
from the median motor branch to the deep motor branch
of the ulnar nerve. (a—f) A case of a 12 year old boy with
an injury to the ulnar nerve at the level of Guyon’s canal
and inadequate motor recover despite nerve grafting at the
site of injury. Image (a) shows scar over Guyon’s canal

and (b) shows persistent evidence of clawing and intrinsic
weakness. Images (¢, d) show palmar incision with isola-
tion of recurrent thenar motor branch beneath superior
blue vessel loop. Lower vessel loop surrounds ulnar motor
branch. Image (e) shows nerve graft sew ETS into thenar
motor branch. Image (f) shows completed graft going
from median motor to ulnar motor branch. Figure (g)
shows another case utilizing allograft for bridge grafting
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Fig. 18.2 (continued)

Fig. 18.3 Technique for AIN transfer. Isolation of ulnar
motor branch in forearm should be performed distal to
dorsal sensory branch take off. (a) Intraoperative case
showing red vessel loop around more radial sensory com-
ponent while arrow points to motor branch. If there is any
question of orientation, dissection can be performed retro-
grade after release of Guyon’s canal. (b, ¢) A spate case

showing isolation and dissection of AIN through the cut
portion of the pronator quadratus muscle. The nerve
should be dissected terminally to obtain longus possible
graft length. (d) An End to side neuroraphy is performed
with aid of operating room microscope. Figure (e) shows
AIN transfer (small arrow) and deep course of motor
branch as it enters Guyon’s canal
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Fig. 18.3 (continued)

ensure there is no recovery or function prior to
transfer. A formal internal neurolysis is not typi-
cally necessary or recommended. The point of
the coaptation is typically just distal to the
DCBUN branch point.

The finger flexor muscle bellies are retracted
radially to expose the pronator quadratus (PQ)
and the AIN motor branch and anterior interosse-
ous artery as they enter the proximal aspect of the
pronator (Fig. 18.3). The AIN is dissected distally
by using bipolar cautery to release the muscle as it
lies on top of the AIN. The AIN is dissected until
it begins branching, ensuring to maximize the
diameter of the nerve for coaptation. The AIN is
then divided at this point and dissected proximally
until it is able to transpose ulnarly to the ulnar
motor nerve area. A distal portion of the insertion
of the flexor digitorum profundus can be released
to improve the reach of the AIN. The area of coap-
tation is identified and an epineurial and perineu-
rial window is made on the ulnar aspect of the
ulnar motor branch. This will avoid the need for
internal neurolysis and potential coaptation into
the sensory branch of the ulnar nerve. The AIN is
sutured end to side to the deep ulnar motor branch
using 9-0 nylon sutures and is then bathed in

fibrin glue (Fig. 18.3). Fibrin glue should be
placed along the margins of the PQ dissection to
prevent bleeding. The tension on the coaptation
should be checked with range of motion of the
wrist and elbow.

Sensory Reconstruction
The target nerves for reconstruction of the low
ulnar nerve palsy sensory deficits are the branch
to the 4th webspace [6], the ulnar digital nerve to
the little finger [17] or the ulnar sensory nerve
proper [6]. The common donor are the 3rd
webspace nerve from the median nerve [6, 18,
19], the radial digital nerve of the middle or ring
finger [20], the lateral antebrachial cutaneous
nerve (LABC) [17, 18, 21], the DCBUN (in low
palsies), the palmar cutaneous branch of the
median or ulnar nerve [17] and end to side into
the median nerve [6]. In addition, Mackinnon has
recently reported a side to side bridging nerve
graft, similar to that described Sherif and Amr, to
restore sensation in the ulnar digits [5] (Fig. 18.1).
A commonly described transfer combination
to restore full ulnar sensation is as follows: (1)
median nerve branch to the 3rd webspace end-to-
end to the ulnar sensory branch (2) DCBUN end-
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to-side to the median nerve (3) distal stump of the
3rd webspace donor nerve placed end-to-side
back to the median nerve to minimize the donor
deficit [6, 19, 22, 23]. This is typically performed
in conjunction with an AIN transfer to the deep
motor branch and can be performed at the wrist
level to avoid painful scars in the palm or injury
to the palmar arches. The third webspace branch
can be readily identified and neurolysed from the
median nerve to provide length for transfer,
ensuring to preserve interfascicular branches [22]
(Fig. 18.4). Another option to restore sensation to
the volar aspect of the ulnar nerve would be to cut
the ulnar sensory nerve and take the distal stump
end-to-side to the 3rd webspace median nerve
fascicle, which would be the most ulnar aspect of
the median nerve. Few studies report on the out-
comes of these transfers. It is felt that they pro-
vide protective sensation and may take up to
2 years to reach maximal benefit [19].

The use of the radial digital nerve of the middle
or ring finger to the ulnar digital nerve was studied
by Brunelli, who achieved S2+ (tactile sensation
with associated allodynia) in two patients and S1
(protective sensation) in a third patient. Bertelli
described the transfer of the palmar cutaneous
branch of the median nerve to the ulnar digital
nerve of the little finger in patients with lower bra-
chial plexus injuries to restore sensation [17]. Two
patients had an additional transfer from the ulnar
digital nerve of the index. They achieved recovery
of two-point discrimination <10 mm in three of
eight patients (S3+), five had >S3 recovery (per-
ceived contact from a 33.1-g/mm? monofilament)
[17]. Oberlin described the LABC transfer to the
DCBUN with an interpositional graft to restore
protective sensation in patients with a lower bra-
chial plexus injury [24]. Felder et al. have intro-
duced the idea of the bridging nerve graft for
recovery of sensation, which they term a “cross-

Fig. 18.4 Figure (a) shows a case of distal transfer of
median nerve branch to 3rd web space to common digital
nerve of ring and small finger for improvement in sensory

recovery. (b) Arrow points to nerve branch of 3rd web
space following coaptation to common digital nerve to
ulnar ring and small finger
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cross graft” [5]. In their series, 48 patients had one
or more bridging nerve grafts, consisting of both
allograft and autograft, placed between the ulnar
and median sensory components in the palm. In
this study 20 of these patients had severe cubital
tunnel syndrome, 60% of which were revision

cases. Of the 24 patients with complete data, 21
(87%) recovered protective sensation within 1 year
[5]. Due to the limited donor site morbidity of this
procedure, this is our transfer of choice in patients
with severe ulnar nerve compression and severe
sensory loss (Figs. 18.1 and 18.5).

Fig. 18.5 Examples of cross-cross grafts for restoration
of ulnar nerve function. Image (a) shows a case of severe
ulnar nerve compression occurring at the elbow in a
58 year old man with >12 mm pre-operative 2 point sensa-
tion in small and ring finger. (a) Arrow points to visible
compression of nerve following nerve release at cubital
tunnel. (b, ¢) Show image of cross-cross graft with arrow
pointing to proximal allograft running from median sen-
sory of 3rd web to the ulnar aspect of the ulnar sensory
nerve and the distal graft (arrowhead) running to radial
component of ulnar sensory nerve. (d) Severe damage to

the ulnar nerve may necessitate the use of an ETE nerve
transfer of the 3rd web space branch of the median nerve
to the sensory branch to the small and ring finger. Image
(d) shows such a transfer. The sensory component of the
median nerve has been isolated with a green micro back-
ground from larger median nerve (Solid arrow head). 3rd
web space branch is sewn end to end into the sensory
component of ulnar nerve (black arrow), while the distal
sensory stump of the median nerve sensory branch with be
sewn ETS into the main sensory branch of the median
nerve (Clear arrowhead)
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High Ulnar Neuropathy

In high ulnar nerve injuries, in addition to the defi-
cits of a low injury, there is a loss of FCU and FDP
function. There is loss of sensation of the dorsal
hand and digits from the DCBUN. This sensation
can be lost in a low ulnar nerve palsy, as well, if the
injury is proximal to the takeoff of the DCBUN. The
claw deformity is less severe as there is reduced
pull from the ulnar FDP muscle belly [13].

Motor Reconstruction

The same options are present as for a low ulnar
nerve palsy, and the SETS AIN to deep motor
branch transfer is still considered the gold standard.
Additional reconstruction of the FCU or FDP
branches of the ulnar nerve are not typically
attempted, as the FCR tendon can adequately power
wrist flexion, and a side-to-side tenorrhaphy of the
ring and little finger FDP tendons to the long finger
FDP tendon (excluding the index to preserve inde-
pendent function) produces adequate function.

Sallam et al. performed an AIN to ulnar motor
branch in conjunction with sensory transfers from
the 3rd webspace branch of the median nerve to
the ulnar sensory branch with an end-to-side
transfer of the DCBUN and the donor nerve stump
to the median nerve in patients with high ulnar
nerve injuries [23]. This group was compared to a
group where nerve grafting of the nerve injury
was performed without transfers. They had 83%
M3 or greater recovery of intrinsic function in the
nerve transfer group versus 57% in those with
only nerve grafts. There was no difference in sen-
sory recovery, with 58% and 54% of patients
achieving S3 or greater sensation in the transfer
and graft group, respectively [23]. In terms of sen-
sory donor morbidity, two patients were aware of
the loss of sensation and all patients regained at
least protective sensation (S1).

Sensory Reconstruction
The same options would be available for a high

ulnar nerve lesion, as described previously. A
high ulnar nerve injury would definitively affect

the DCBUN, which may or may not be affected
in a low palsy. The reconstruction of the
DCBUN is not considered a critical sensory
area, but can be important as the ulnar side of
the hand acts as a support while the radial side
performs manipulation [17].

Median Nerve Compression
Low Median Neuropathy

A low median neuropathy produces a loss of motor
function distal to the branch point of the AIN; thus,
the motor function of the pronator teres, FCR,
FDS, palmaris longus (PL) are preserved. The pal-
mar cutaneous branch is also spared. Weakness of
loss of thumb thenar function results in limited
thumb opposition, palmar abduction and prona-
tion. Some function of the flexor pollicus brevis
may remain due to ulnar nerve innervation, but
pinch strength has been shown to be limited to
60% and 70% of the contralateral side [25]. The
sensory loss in these injuries is extremely dis-
abling due to the use of the radial digits for fine
manipulation. Sensory loss to the thumb can result
in a 20% global functional loss to the entire hand
[26]. There are few reports in the literature com-
menting on SETS transfers in cases of severe
median neuropathies, however in the section
below we present the nerve transfers which can be
used to resort both motor and sensory function.

Motor Reconstruction

The recipient nerve for reconstruction of intrinsic
hand function after a low median nerve injury is
the recurrent motor branch of the median nerve.
The typical donor nerves are the AIN [6], FDS,
FCR, PL, abductor digiti minimi (ADM) branch
of the ulnar nerve [25], or the 3rd lumbrical
branch from the ulnar nerve [27].

The AIN and recurrent motor branch have
comparable axon counts of 900 and 1050, respec-
tively, and given that it is predominately a motor
branch at this level, it is a good choice as a donor
nerve. However, it is necessary to perform an
interpositional graft. It is approached through an
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extended carpal tunnel release with neurolysis of
the recurrent motor branch as proximal as possi-
ble, after which the resulting gap is grafting with
an interpositional graft. Wang and Zhu transferred
the AIN to the recurrent motor branch in 14
patients with a low median nerve palsy at an aver-
age of 5 years and 8 months, with 3 patients

obtaining M5, 6 with M4, 3 with M3 and 2 with
M2 [28]. The transfer from ulnar nerve branches
of the ADM or 3rd lumbrical can allow direct
coaptation due to their proximity and are benefi-
cial in high median nerve injuries when the AIN is
not a usable donor and nerve recovery may be
prolonged with nerve repair or grafting (Fig. 18.6).

Fig. 18.6 A case of an ADM SETS transfer to median
nerve motor branch in 15 year old who suffered supracon-
dylar fracture with no thenar function at 4 months and
evidence of decreased CMAPs to that muscle. (a) The
median nerve was explored at the elbow. (b) Exploration
of nerve and intraoperative nerve stimulation revealed
intact nerve with evidence of partial axonal injury (arrow
points to area of severe nerve contusion). (¢) ADM motor

branch transfer was performed to help preserve thenar
function. (d) ADM was isolated and motor branch dis-
sected back to the deep motor branch of the ulnar nerve.
Arrow points to ADM motor branch. The median nerve
motor branch was identified after carpal tunnel release (e)
(arrow points to motor branch). And SETS transfer was
then performed as close to thenar muscle as possible (f)
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This transfer will be discussed further as a SETS
transfer in the high median nerve injury section.

Sensory Reconstruction

To restore critical median nerve sensation, the
radial digital nerve of the index and ulnar digital
nerve of the thumb should be restored [6].
Common donor nerves are the 4th webspace
branches of the ulnar nerve (ulnar digital nerve of
the ring and radial digital nerve of the little finger)
[6, 26], the DCBUN [22], and the superficial
branch of the radial nerve [26, 29-31], which are
less critical sensory areas. The 4th webspace
branch is identified in the palm around the meta-
carpal head and transferred end-to-end to the 1st
webspace branches of the median nerve, while the
distal stump of the 4th webspace branch of the
ulnar nerve is transferred end-to-side back to
intact sensory branches to attempt to preserve
donor site sensation [6]. A similar technique can
be performed with the DCBUN by tracing it as
distal as possible, transferring it to the thumb and
radial aspect of the index sensory branches, and
transferring the distal stump end to side to intact
ulnar nerve fascicles [22]. To restore sensation to
the second and third webspace, these can be trans-
ferred end-to-side to the ulnar digital nerve of the
little finger. Brunelli performed a transfer of the
DCBUN to the 1st webspace in two patients with
a brachial plexus injury, however, both did not
regain any sensation (SO) [20]. When he used the
4th webspace nerve to the 1st webspace in two
patients, they regained tactile sensation (S2) [20].

The use of the radial nerve was first reported
by Harris in 1921 to restore median nerve sensa-
tion in with a low median nerve injury with
recovery beginning around 3 months post-
operative [31]. Brunelli performed 12 cases of
transfer from the radial sensory branches of the
Ist webspace to the thumb and index finger at the
Ist webspace and 2 similar transfers in the wrist
in patients with a brachial plexus injury [20]. He
had 6 patients with S2+, 6 with S2, 1 with S1
(protective sensation) and 1 patient with SO (no
sensation). Additionally, he had three patients
where he transferred digital nerves from the ring

and little to the thumb and index, in which they
achieved S2 function [20]. Ozkan et al. per-
formed various digital nerve transfers for both
median and ulnar nerve injuries. They were able
to achieve two-point discrimination of less than
10 mm in 15 of their 25 patients [26]. Of these
patients, 7 had a median nerve injury of which all
recovered >S3 sensation after a transfer to either
an index or thumb digital nerve from the digital
nerves of the ring or long finger [26].

High Median Neuropathy

In addition to the motor deficits of a low median
neuropathy of the thenar musculature, a high
median neuropathy also affects pronator teres,
FCR, FDS, PL and AIN (FDP, pronator quadratus
and flexor pollicis longus) function. The AIN and
the branches to pronator teres now become a pri-
ority to provide proper hand function as tendon
transfers to restore thumb opposition are well
described and successful, while there are few
successful tendon transfers to restore pronation
[32]. The sensory deficit of a high median neu-
ropathy includes the palmar cutaneous branch of
the median nerve. It can be more difficult to
regain sensation in a high median nerve injury
versus a low injury. In a low injury, the sensation
can be restored more predictably through direct
suturing or repair with nerve grafting. With a
high injury, there is a longer distance to reinner-
vate the target area and thus less chance of recov-
ering protective sensation or motor function [29].
It can also be more difficult to line up the proper
fascicular pattern to reinnervate distal targets
when the injury is more proximal.

Motor Reconstruction

In addition to reinnervating the recurrent motor
branch, the AIN and pronator teres branch are
additional targets in a high median nerve injury
and are no longer available donors. The common
transfers are as follows: (1) ECRB, brachioradia-
lis, supinator or FCU transferred to the pronator
teres branch (2) Supinator, ECRB or brachialis
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branch of the musculocutaneous nerve to the AIN
[22]. The use of ECRB for pronator teres is a syn-
ergistic transfer typically performed end-to-end
and is preferred by some authors [6]. Hsiao et al.
described a case of a high median nerve injury
after a humeral fracture where a supinator to AIN
and ECRB to pronator teres was performed [32].
The patient progressed from MO AIN and pronator
function to M4+ pronator teres and flexor pollicis
longus and M4-FDP function at 18 months [32].

If the injury is not a complete high median
neuropathy, then FCR, FDS or PL branches can
be used to reconstruct the AIN, if available. As
stated previously reconstruction of high median
nerve injuries can be performed using a bridging
nerve graft sutured end to side into both the
median and ulnar nerve [16]. This allows axon
sprouting between the nerves and recovery of the
damaged recipient nerve function through the
donor nerve both clinically and on EMG studies
has been demonstrated.

Shultz and Aiache described the transfer of the
ulnar nerve fascicle to the 3rd lumbrical to the
recurrent motor branch in a patient with a high
median nerve laceration [6]. The ulnar nerve
branch was detached just proximal to the myo-
neural junction and the recurrent motor was neu-
rolysed to allow tension free coaptation as close
to the thenar musculature as possible. The patient
recovered thumb abduction at 11 weeks post-
operatively and regained pinch motion between
his thumb, index and small fingers. EMG studies
showed conduction from the ulnar nerve into the
abductor pollicis brevis [6]. Bertelli et al. per-
formed a cadaveric study and case series describ-
ing the transfer of the ADM branch of the ulnar
nerve, which is the first branch of the deep motor
branch of the ulnar nerve, to the recurrent motor
branch of the median nerve. This was performed
in five patients with a high median nerve injury,
three of which had a concomitant ECRB to AIN
transfer. All patients recovered M4 thumb and
index finger flexion and an average grasp and
pinch strength of 77% and 75% of the contralat-
eral hand, respectively. The ABP strength
improved from an average of M1.8 to M4 [25].
Our experience with this transfer has also been
favorable (Fig. 18.6).

Sensory Reconstruction

As with low median nerve palsies, the target for
reconstruction is the 1st webspace branches of the
median nerve. Typically, the additional deficit of
the palmar branch of the median nerve is not a pri-
ority for reconstruction as ulcers and injuries occur
usually at the fingertips and not on the palm [29].
It has been reported that protective sensation to the
palm and proximal aspects of the thumb and long
finger are typically preserved by the palmar
branches of the radial nerve after a median nerve
injury and reconstruction should be focused on the
tips of the thumb and index [20]. The options exist
as per a low median nerve palsy, using the radial
sensory nerve, the 4th webspace, DCBUN or
LABC. Bertelli and Ghizoni performed transfer of
the dorsal branches of the radial sensory nerve to
the proper digital nerves of the index and thumb at
the digital level in eight patients with a high
median nerve injury [29]. Within 3—4 months, all
thumbs recovered protective sensation and at
6 months, the index fingers recovered protective
sensation in seven of eight patients (ability to feel
a 2.0 g Semmes-Weinstein monofilament). At
12 months, three of eight patients had normal sen-
sation in the thumb (ability to feel a 0.05 g fila-
ment) with no donor site deficit [29].

Summary

The indications for nerve transfers in cases of
severe nerve compression are evolving. The use
of SETS transfers may offer the benefit of more
rapid motor recovery and improved sensory
recovery long term. While not all patients with
compressive neuropathies are candidates, we
would recommend considering SETS transfers
for patients with ulnar nerve compression at the
elbow with evidence of decreased CMAP to the
hand intrinsic muscles. Crossing bridge grafts
may also be a means of improving sensation with
little donor site morbidity. The use of nerve trans-
fers in median nerve compression requires addi-
tional study; however, transfers can be considered
in cases of high median nerve compression where
critical sensation and thenar function are signifi-
cantly affected (Fig. 18.7).
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Fig. 18.7 (a) A case of a 63 year old woman with history
of rheumatoid arthritis and previous total elbow replace-
ment with recurrent ulnar nerve compression following
release done elsewhere. (b, ¢) Pre-operatively the hand
had evidence of intrinsic atrophy and decreased CMAPs
within the ulnar intrinsic muscles to the hand. (d) At time

of cubital tunnel release the patient was found to have sig-
nificant scaring and fibrosis around the nerve. (e) AIN
SETS transfer was performed in conjunction with a proxi-
mal neurolysis. Good intrinsic function was obtained at
5 months following the surgery and continued to improve
for 12 months (f-h)
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