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Abstract

Background: Intrinsic atrophy and debilitating sensory loss are prominent features of severe ulnar neuropathy with
limited surgical options to reliably improve recovery. Restoration of sensation is important to provide protection for
the vulnerable ulnar border of the hand. Here, we report our experience with side-to-side sensory nerve grafting
from the median to ulnar nerve in the palm to enhance ulnar sensory recovery. Methods: A retrospective chart
review identified patients with severe ulnar neuropathy who underwent cross-palm nerve grafting. Included patients
had objective loss of protective sensation in the ulnar distribution with 2-point discrimination >8 mm, Semmes-
Weinstein monofilament testing (SWMT) >4.56, or no sensory response on nerve conduction testing. Cross-palm
side-to-side tension-free grafting from median to ulnar sensory components was performed using short-segment
allograft or autografts. Analysis included patient etiology, procedures, nerve conduction studies, objective sensory
testing, and Disabilities of the Arm, Shoulder, and Hand Disability score. Results: Forty-eight patients with severe
ulnar neuropathy underwent cross-palm nerve grafting between 2014 and 2017. Twenty-four patients had adequate
follow-up for inclusion. Of the 24 patients, 21 (87%) had return of protective sensation, 16 (66.7%) had return of
diminished light touch sensation, and 6 (25%) had return to normal range sensation within | year as assessed by
SWMT and/or 2-point discrimination. Patients treated with autograft demonstrated referred sensation to the median
nerve distribution. Conclusions: Cross-palm nerve grafting may be a useful adjunct to enhance sensory recovery
in severe ulnar neuropathy. Further study to quantify differences in sensory recovery between traditional operative
techniques and cross-palm nerve grafting is required.

Keywords: nerve reconstruction, nerve graft, side-to-side nerve graft, nerve regeneration, outcomes, research and health
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Introduction scenarios such as severe cubital tunnel syndrome, high
ulnar nerve laceration, and brachial plexopathy may
require adjunctive reconstructive techniques such as
nerve grafting, nerve transfers (eg, anterior interosseous
nerve [AIN] to deep motor branch of the ulnar nerve,
either end-to-end or supercharge end-to-side), tenodesis,
and/or tendon transfers.”'" Sensory restoration to the

Cubital tunnel syndrome is the second most common com-
pression neuropathy, with approximately 75 000 cases in
the United States per year.' Pain and paresthesias involving
the ring and small finger are the most prominent symptoms,
with more severe cases progressing to atrophy and weak-
ness of the ulnar-innervated intrinsic hand muscles.>* Ulnar
neuropathy less commonly results from laceration of the
nerve, brachial plexopathy, and cervical radiculopathy.
Regardless of the etiology, severe cases can have a devastat-
ing impact on hand function. Corresponding Author:
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ulnar side of the hand is rarely a specific goal of current
adjunctive reconstructive techniques.

Sensation to the ulnar side of the hand can be restored
using sensory nerve transfers from the third webspace com-
ponent of the median nerve, the palmar cutaneous of the
median, or the lateral antebrachial cutaneous nerve.'"'? These
transfers are commonly performed in an end-to-end manner,
which leaves a sensory deficit at the donor site.

In clinical scenarios where there is a possibility for
recovery from the proximal nerve, a low morbidity proce-
dure to augment sensory function is desirable. Side-
to-side nerve grafting involves creating an epineural and
perineurial window on the sides of donor and recipient
nerves and placement of a bridge graft between the two, "
with a significant differential in between the number of
axons in donor and recipient nerves to create a gradient for
collateral sprouting. Preoperatively, this can be deter-
mined via electrodiagnostic testing to ensure there is a sig-
nificant sensory nerve action potential (SNAP) gradient
between the median and ulnar nerves.

Several animal studies have confirmed the efficacy of
side-to-side grafting."*'* Yiiksel et al'® reported a case of
high ulnar nerve laceration that was repaired end-to-end
and supported distally by side-to-side grafting from the
median to ulnar nerves. The patient recovered protective
sensation by 9 months after surgery.

Here, we present our experience with side-to-side sen-
sory nerve grafting, termed “cross-palm grafting,” from the
sensory component of the median to the sensory ulnar nerve
in patients with severe ulnar neuropathy.

Materials and Methods

Institutional review board approval was obtained prior to
commencing this study. The study hypothesized that cross-
palm grafting would augment sensory recovery in patients
with severe ulnar neuropathy; a retrospective review of
patients treated surgically for ulnar neuropathy between
2014 and 2016 was performed to identify patients who had
undergone cross-palm grafting and had regular clinical fol-
low-up. Preoperative demographics, history, nerve conduc-
tion velocity (NCV) reports, physical examination data,
Semmes-Weinstein monofilament testing (SWMT) results,
and Disabilities of the Arm, Shoulder, and Hand (DASH)
scores were reviewed. Intraoperative factors including con-
comitant procedures and type of graft used were reviewed
(Table 1). Patients with preoperatively documented loss of
protective sensation and at least 1-year follow-up were
included in the study. “Loss of protective sensation” was
defined as either SWMT >4.56 or moving 2-point discrim-
ination (2PD) >8 mm in the ulnar-innervated digits.
Postoperative SWMT, physical examination, DASH
scores, and complications were reviewed at follow-up inter-
vals up to 1 year. Semmes-Weinstein monofilament testing
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Table |I. Patient Characteristics and Causes of Ulnar
Neuropathy.
Total patients 24
Average age 518y
Female 8 (33%)
Hypertension 7 (29%)
Hypercholesterolemia 5(21%)
Anxiety 5(21%)
Depression 5(21%)
Obesity 4 (17%)
Diabetes 2 (8%)
Hypothyroidism | (4%)
Disabilities of the Arm, Shoulder, and 60.1
Hand score preoperatively (average)
Causes of ulnar neuropathy
Cubital tunnel 14 (58%)
Trauma
Laceration 3 (13%)
Other trauma 7 (29%)

was completed by hand therapists, independent of follow-
up in our clinic. The primary outcome measure determined
was return of protective sensation within 1-year time as
documented by SWMT.

Surgical Technique

All cases were performed by the senior author under tourni-
quet control and loupe magnification. Cross-palm grafting
was frequently combined with other procedures for the
treatment of severe ulnar neuropathy, including ulnar nerve
transposition, supercharged end-to-side (SETS) transfer of
the pronator quadratus branch of AIN to the ulnar motor
nerve, profundus tenodesis, and others.

Access to the median and ulnar nerves for cross-palm
grafting was by open release of the carpal tunnel and the
Guyon canal via a palmar curved incision as previously
described.'® Using 4.0 magnification or greater loupes, or an
operating microscope, epi/perineural windows were created
in 2 locations along the third webspace fascicle of the median
nerve within the carpal tunnel, and 2 reciprocal epi/perineu-
ral windows were created in the ulnar nerve sensory fasci-
cles within the Guyon canal (Figure 1). A marking pen was
used to “dot” the location of the epi/perineural window and
then micro scissors were used to cut the center of the inked
dot to create an inked border of epi/perineurium for easier
suturing. The exact location on the ulnar sensory fascicles to
receive the grafts was fashioned to deliver sensation to the
small finger rather than the ring or hypothenar. Two nerve
grafts were sewn in a side-to-side fashion between the epi/
perineural windows of the median and ulnar nerves using
9-0 nylon suture, fibrin glue, and the operating microscope.
A small amount of redundancy was maintained to prevent
tension on the coaptations. If autograft was already available
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Figure |. Perineural windows are created in 2 locations along
the third webspace fascicle of the median nerve within the carpal
tunnel, and 2 reciprocal perineural windows are created in the

ulnar nerve sensory fascicles within the Guyon canal.

Note. One graft is anastomosed to the common digital nerve to the
fourth webspace and the second to the small finger ulnar digital nerve.
Acellular nerve allografts are pictured in this case; when available,
autograft is preferentially used.

from another portion of the surgical procedure (eg, via
medial antebrachial cutaneous nerve [MABC] neuromas
being treated at the elbow), then this was preferentially used.
Otherwise, a 2-3 mm X 50 mm acellular nerve allograft
(Avance(R), Axogen, Inc, Alachua, Florida) was utilized,
divided sharply into 2 approximately 25 mm segments (sur-
gical video 1'7). The ends of the graft were trimmed, yield-
ing a typical graft length of 22 mm.

Results

Forty-eight consecutive patients underwent cross-palm
nerve grafting at our institution between 2014 and 2017. Of
these, 24 patients had documented loss of ulnar protective
sensation (SWMT >4.56) or moving 2PD >8 mm preopera-
tively and had adequate follow-up for inclusion (Table 1).
Preoperative ulnar SNAP amplitude was available for 23 of
24 patients; 16 of 24 had no response, and of the remaining
patients, the average recorded was 14.6 pV with a range
from 3 to 47 uV. Causes of ulnar neuropathy included cubital
tunnel syndrome (58%), ulnar nerve laceration (13%), trac-
tion injury (8%), iatrogenic from other surgery (8%), blunt
trauma (8%), and multilevel nerve injury (4%) (Table 1).

All patients underwent release of the carpal tunnel
and the Guyon canal as a requisite part of the surgical
technique. Twenty-one (87.5%) of 24 patients underwent
concomitant ulnar nerve transmuscular transposition
(UNT). Of these, 10 of 21 were referred for revision
UNT, with 4 of 21 being tertiary or quaternary revision
cases. Twenty (83%) of 24 patients also had an SETS
AIN to ulnar motor nerve transfer.” Other concomitant
procedures are listed in Table 2.

Table 2. Concomitant Procedures in Patients Undergoing Cross-
Palm Sensory Nerve Grafting for Severe Ulnar Neuropathy.

Procedure No. (%)
UNT 21 (87.5)
Revision UNT 10 (41.7)
Tertiary revision UNT 3
Quaternary revision UNT |
Release of median nerve in forearm 4
Profundus tenodesis® 18
SETS AIN to ulnar nerve transfer 20
MABC neuroma resection

PIN decompression

Radial nerve tendon transfers
Revision carpal tunnel release

- — N w

Note. UNT = ulnar nerve intramuscular transposition;

SETS = supercharged end-to-side; AIN = anterior interosseous nerve;
MABC = medial antebrachial cutaneous; PIN = posterior interosseous
nerve.

*Tenodesis of the ring and small finger profundus tendons to the middle
and index profundus tendons at the level of the distal forearm.

The primary outcome examined was ulnar nerve sen-
sory function in the hand, specifically, return of sensation
as measured by SWMT. Twenty-one (87.5%) of 24 patients
had return of at least protective sensation within 1 year as
assessed by SWMT (<4.31). Sixteen (66.7%) of 24
patients had at least return of diminished light touch sen-
sation (SWMT <3.61). Six (25%) of 24 patients had
return of sensation within the normal range (SWMT
<2.83). Three (12.5%) of 24 patients did not recover pro-
tective sensation within | year.

When patients were grouped by SWMT range at final
follow-up, 6 (25%) of 24 patients had return of normal light
touch sensation at an average of 7 months of follow-up, 10
(41.2%) of 24 patients had return of diminished light touch
sensation at an average of 8.1 months of follow-up, 5
(20.8%) of 24 patients had return of diminished protective
sensation at an average of 6.8 months of follow-up, and 3
(12.5%) of 24 patients had continued absence of protective
sensation at an average of 13.3 months of follow-up (Figure
2). Of the group who regained normal sensation, etiology
was cubital tunnel in 4 patients and blunt trauma in 2
patients. Of the group who regained only diminished light
touch sensation, etiology was cubital tunnel in 6 patients,
brachial plexus traction injury in 2 patients, postoperative
from other surgery in | patient, and complete transection in
1 patient. Of the group who regained only diminished pro-
tective sensation, etiology was cubital tunnel in 2 patients
(one of which had superimposed cervical radiculopathy),
ulnar nerve transection in 1 patient, postoperative from
other surgery in 1 patient, and multilevel injury of the ulnar
nerve in 1 patient. Of the group who failed to regain protec-
tive sensation, 2 patients had ulnar neuropathy resulting
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Figure 2. Distribution of sensory outcomes among the study group at final follow-up, as measured by Semmes-Weinstein

monofilament testing.

Table 3. Etiology of Ulnar Neuropathy in Patients Grouped by Final Sensory Outcome.

Final sensory outcome (SWMT) No. (%)

Average final

follow-up, mo Etiology of ulnar neuropathy

Normal light touch (SWMT: 2.36-2.83) 6 (25)

Diminished light touch (SWMT: 3.22-3.61) 10 (41.2)

Diminished protective (SWMT: 3.84-4.31) 5 (20.8%)

Loss of protective (SWMT: 4.56-6.65) 3 (12.5)

7 Cubital tunnel: 4
Blunt trauma: 2
8.1 Cubital tunnel: 6
Traction injury: 2
Other surgery: |
Ulnar transection: |
6.8 Cubital tunnel: |
Cubital tunnel + cervical radiculopathy: |
Ulnar transection: |
Other surgery: |
Multilevel injury: |
Cubital tunnel: 2
Ulnar transection: |

13.3

Note. SWMT = Semmes-Weinstein monofilament testing.

from cubital tunnel syndrome, and 1 had sustained a com-
plete laceration of the ulnar nerve (Table 3).

In 2 patients who underwent cross-palm grafting with
autograft (derived from the MABC nerve), postoperative

SWMT demonstrated evidence of referred sensation to
the median-innervated third webspace, in addition to
recovery of sensation in ulnar-innervated digits (Figures
3 and 4). No similar pattern of referred sensation was
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Figure 3. This figure demonstrates postoperative progressive improvement in Semmes-Weinstein monofilament testing during the
follow-up period, in a patient with uncomplicated severe cubital tunnel syndrome who underwent cross-cross grafting with acellular

allograft along with ulnar nerve transposition.

noted among patients who underwent cross-palm grafting
with allograft.

The DASH disability scores improved from a preopera-
tive average of 60.1 to a postoperative average of 30.1. No
surgical complications were observed relating to cross-
palm grafting; specifically, no patient was noted to have
downgraded median or ulnar sensory function.

Discussion

This report provides an initial description of technique
and outcomes for side-to-side nerve grafting in the
palm from the median to ulnar nerve in patients with
severe ulnar neuropathy of varying etiology. The sig-
nificance of this preliminary report should be viewed in
the context of limited alternative proposed measures to
improve sensory outcomes for severe ulnar neuropathy,
beyond traditional decompression or transposition pro-
cedures. While outcomes of cubital tunnel surgery in
general have been extensively reported,"'*?' many
studies report outcomes in grading scales that consider
sensory recovery in combination with motor recovery.

Relatively few studies specifically examine discrete,
objective sensory outcome measures.’’** Among those
that do, there is evidence that long-term sensory recov-
ery in patients undergoing decompression surgeries for
severe cubital tunnel syndrome does not uniformly
reach the normal range,”**' suggesting a potential clini-
cal need for adjunctive, sensory-specific reconstruc-
tion. Furthermore, surgeons may encounter severe ulnar
neuropathy resulting from causes other than cubital
tunnel syndrome, where treatment options and out-
comes are less standardized, and additional tools to
improve sensory recovery may be desirable. In contrast
to ulnar intrinsic motor recovery, for which novel pro-
cedures have been advanced,”?* few adjunct proce-
dures are available that may either augment the ultimate
quality of sensory recovery or hasten the time to sen-
Sory recovery.

Laboratory research supports the clinical premise of
side-to-side nerve grafting via several mechanisms. Regen-
erative and collateral sprouting into nerve grafts attached to
the side of a nerve via an epi/perineural window has been
extensively confirmed in rodent studies,”?’ where there is
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Figure 4. This figure demonstrates results from 2 patients who underwent cross-palm grafting with medial antebrachial cutaneous
autograft. Semmes-Weinstein monofilament testing results show referred sensation to the (donor) median third webspace

distribution.

suggestion that creation of a epi/perineural window alone is
adequate for sensory nerve sprouting, while nerve injury by
crush or axotomy may be required for meaningful motor
sprouting. 2% It has been shown that creation of a peri-
neural window does not cause nerve fiber damage, with just
a temporary break in blood-nerve barrier function of a few
days described, and that the larger the window, the greater
the sprouting. Hendry et al*’ have vividly documented axo-
nal sprouting from one nerve, across side-to-side nerve
grafts, into another target denervated nerve using a green
fluorescent protein transgenic animal. In this model, the
number of crossing axons was greater with 3 side-to-side
bridges than with a single bridge. Both Hendry et al and
Ladak et al have provided evidence that side-to-side nerve
grafts provide “pathway protection” for the chronically
denervated distal portions of in-continuity nerves regenerat-
ing from a proximal injury. This pathway protection occurs

via beneficial effects from both axonal contact (from axons
crossing the side-to-side graft into the chronically dener-
vated environment) and dedifferentiation and migration of
Schwann cells into the denervated distal nerve, promoting a
trophic environment for later regeneration in-continuity.'*’
Prior clinical case reports have also suggested effectiveness
of side-to-side nerve grafting using autograft in isolated
cases of traumatic reconstruction.'

It is difficult to draw strong conclusions from this study;
however, preliminary outcomes are encouraging compared
with previously published results of long-term sensory
recovery. Matsuzaki et al*' report that 9 (60%) of 15 patients
studied continued to have diminished or absent protective
sensation postoperatively (SWMT purple or red), despite
their overall good functional outcomes, median follow-up
of 4.5 years, and less severe preoperative SWMT scores. In
contrast, in our group, only 8 (33.3%) of 24 patients retained
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diminished or absent sensation, and 16 (66.7%) of 24 dis-
played return of at least diminished light touch sensation
(SWMT green or blue) within 1 year from surgery, and no
complications or downgrading of function was observed.
Other strengths of the study are that outcome measures of
sensory function were drawn from SWMT performed by
hand therapists outside the study team and provide objec-
tive documentation of sensory improvement after cross-
palm grafting. Independent SWMT in this study has also
provided documentation of referred sensation to the
median-innervated third webspace in patients treated with
autograft, a novel finding in the literature. Morbidity to the
patient is minimized in the presented technique by use of
allograft or by redundant nerve autograft in cases where a
preexisting injury to the MABC nerve is found. The perfor-
mance of cross-palm grafting keeps the distance from donor
nerve to recipient nerve minimal and also close to sensory
end organ, thus improving the likelihood of earlier recovery
through collateral sprouting and protecting the most distal
and vulnerable portion of the ulnar nerve pathway for an
anticipated slow in-continuity recovery.

Limitations of this study include a small, retrospective
data set, with a heterogenecous group of patients. In addi-
tion, most of the included patients underwent multiple con-
comitant procedures as part of reconstructive approach to
severe ulnar neuropathy; this, along with the lack of a com-
parison group, creates difficulty in determining the degree
to which cross-palm grafting may have contributed to the
overall sensory recovery. As with any end-to-side or side-
to-side transfer, there is difficulty differentiating between
sensory recovery from cross-palm sensory nerve grafting
and from proximal ulnar regeneration secondary to decom-
pression. However, our cohort is objectively shown to have
significantly improved sensory outcomes when compared
with other published series in the literature,”’** and in a
much earlier time frame. Furthermore, nerve autograft
patient’s SWMT demonstrated referred sensation from
median to ulnar, going some way to solidifying the source
of the recovered sensation. Due to the out-of-state and inter-
national referral basis of our patients, follow-up was limited
and irregular. We acknowledge that had they been followed
longer, they may have shown further improvement in their
sensory recovery. Finally, this procedure adds significant
time and dissection, as well as potentially the expense of a
commercial allograft product, when compared with stan-
dard ulnar nerve decompression surgeries. Again, it should
be emphasized that this procedure is not advocated for sim-
ple compression neuropathy, but rather for severe cases,
such as those with advanced or long-standing loss of func-
tion, secondary or tertiary revision cases, or cases of ulnar
nerve injury from various causes.

Future research into this technique may be improved by
a prospective study, on a single indication, in demographic-
matched patients, with a control group. Regular follow-up

intervals with a greater maximum length of follow-up
would also improve the quality of data for analysis. Poten-
tially, examining sensation in fully recovered patients after
administration of an ulnar nerve block may add information
as to the contribution of median nerve sprouting to ultimate
sensory recovery. Further comparative research into the
outcomes of autograft versus allograft in cross-palm graft-
ing would be useful, given the findings of referred sensation
noted in the autograft group in this study.

In summary, cross-palm nerve grafting will not be a use-
ful technique for every patient with ulnar neuropathy. How-
ever, given the clear proof-of-concept that has been
presented in animal studies and the encouraging early
results of this limited case series, further investigation into
this technique is warranted. With refined indications and
improved outcomes research, cross-palm grafting may offer
an adjunctive technique for improved sensory outcomes in
difficult cases of severe ulnar neuropathy, where there is so
far no other alternative available.
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