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Background: Perineural scarring of the ulnar nerve is a predominant cause of symptom recurrence after
surgical treatment for primary cubital tunnel syndrome (CuTS). We report our preliminary experience in
revision ulnar nerve decompression and nerve wrapping with an amniotic membrane allograft adhesion
barrier for treatment of recurrent CuTS.

Methods: We performed a retrospective review with prospective follow-up of patients with recurrent CuTS
who were treated with revision neurolysis with amniotic membrane nerve wrapping. Preoperative elbow
motion, grip and pinch strengths, pain level on the visual analog scale level, and the 11-item version of
the Disabilities of the Arm, Shoulder and Hand functional outcome score were compared with postoper-
ative values using paired 7 testing. Symptom characteristics, physical examination findings, complications,
and level of satisfaction were also obtained.

Results: Eight patients (mean age, 47.5 years) who had undergone at least 2 prior ulnar nerve operations
satisfied study inclusion. At mean postoperative follow-up of 30 months, significant improvements were
noted across all patients in visual analog scale pain levels (=3.5 vs. preoperatively; P < .0001), 11-item
version of the Disabilities of the Arm, Shoulder and Hand scores (=30 vs. preoperatively; P < .0001), and
grip strength (+25 pounds vs. preoperatively; P < .0001). Pinch strength and elbow motion were also sig-
nificantly improved for those patients with comparative preoperative data available. All patients expressed
subjective satisfaction with their results. No adverse reactions or complications occurred in any patients.
Conclusions: Ulnar nerve wrapping with amniotic membrane allograft, when combined with revision neu-
rolysis, was a safe and subjectively effective treatment for patients with debilitating recurrent CuTS.
Level of evidence: Level IV; Case Series; Treatment Study
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Cubital tunnel syndrome (CuTS) trails only carpal tunnel
syndrome in incidence among entrapment neuropathies of the
upper extremity.>® Surgical intervention is often required to
provide adequate relief for CuTS symptoms, with a range of
surgical options available, including in situ ulnar nerve de-
compression, medial epicondylectomy, and anterior
transposition of the ulnar nerve.®** Although surgical inter-
vention is generally associated with favorable outcomes, a
notable number of patients will require additional surgery
because of persistent, recurrent, or new-onset neuritic
symptoms. > 121621

Although not necessarily exclusive of one another, eluci-
dating which of these categories represents the primary
mechanism of failed CuTS surgery is important because the
optimal treatment depends heavily on this pathophysiology.
For example, in patients with persistent ulnar neuropathy who
do not experience full symptom resolution postoperatively,
an inadequate decompression during the index procedure is
likely the cause'”'®*” and should be alleviated by a more thor-
ough revision decompression alone.'® Contrarily, new-onset
neuritic symptoms, which represent a more common cause
of failed CuTS surgery, are typically the result of iatrogenic
injury to the posterior branches of the medial antebrachial
cutaneous nerve, and require a different treatment algo-
rithm altogether. '8

The third category of patients in whom primary CuTS
surgery fails are those who develop recurrent symptoms after
some period of symptom resolution. Although symptom re-
currence may be caused by factors such as kinking or
instability of the ulnar nerve, recurrent ulnar neuropathy is
predominantly attributed to local inflammatory processes that
trigger a cascade of events leading to perineural fibrosis, scar-
ring, and ultimately, the development of adhesions."”'7*® These
processes in turn lead to restricted nerve gliding, impaired
blood supply, and altered nerve function.'”*” Optimal surgi-
cal treatment of recurrent neuropathy should thus include
revision decompression combined with methods to prevent
recurrent scarring. One evolving technique for the preven-
tion of recurrent perineural scarring is nerve wrapping, which
has been described using a wide range of adhesion barriers
from a variety of autogenous, allogeneic, and xenographic
SourceS'Z,S,l54,24,26,32.39,40

A promising allograft option in this setting is human am-
niotic membrane, which has been successfully used for scar
prevention in other fields of medicine and surgery.*'?20232*30.3541
Although its use in the upper extremity, particularly for the
prevention of perineural scarring, has not yet been reported,
animal models have demonstrated profound success for use
in this manner.”'%*!1°22 Given its apparent safety and effica-
cy in previous studies, we felt that its use as adhesion barrier
in the particularly difficult setting of patients with recurrent
CuTS warranted investigation. This study describes our pre-
liminary results with the use of an amniotic membrane-
based adhesion barrier adjunctively in patients undergoing
revision neurolysis for CuTS, particularly with regards to its
safety and efficacy.

Materials and methods

Using our departmental electronic billing database search for
Current Procedural Terminology (American Medical Association,
Chicago, IL, USA) code 64718 (surgery on ulnar nerve at elbow),
we identified all patients with recurrent CuTS who had undergone
ulnar nerve neurolysis with placement of the XWrap Dry amniotic
membrane barrier (Applied Biologics, Scottsdale, AZ, USA) from
December 2012 through March 2014. All operations were per-
formed by the senior author (M.S.R.), a fellowship-trained orthopedic
hand surgeon practicing at an academic medical center. Similarly,
all diagnoses of recurrent CuTS were made by the senior author
from the clinical history, physical examination findings, and
electrodiagnostic testing.

Surgical technique and postoperative protocol

With the patient under general or regional anesthesia with tourni-
quet control, the previous surgical scar is reincised and extended
proximally and distally for adequate exposure. Skin flaps are el-
evated, and branches of the medial antebrachial cutaneous nerve are
identified and protected as they are encountered. Once the ulnar nerve
has been identified, it is neurolysed from surrounding adhesions in
a proximal-to-distal fashion. After decompression, the mobility of
the ulnar nerve is assessed by passively moving the elbow through
a full arc of flexion and extension. If, when ranging the elbow, the
nerve is found to sublux over the medial epicondyle, it is trans-
posed anteriorly in a subcutaneous or submuscular plane.

At this point, the allograft is placed in the sterile field, where
Adson forceps are used to separate it from the accompanying semi-
rigid mesh scaffold (Fig. 1). The membrane should be of sufficient
size so that (1) its longest dimension covers the full length of scarred
nerve while also incorporating a 0.25 to 0.5 cm cuff of healthy nerve
both proximally and distally, and (2) ample circumferential cover-
age of the nerve can be achieved when placed in situ, as determined
by the smaller dimension. If the surgeon wishes to trim the al-
lograft, this should be done before removal of the mesh; we have
not found this to be necessary using our graft size of choice, which
measures 2 cm X 6 cm.

Once in place, the allograft is loosely secured to itself around
the nerve with interrupted 8-0 nylon sutures. This is done to

Figure 1  The allograft is placed into the sterile field where it is
separated from the attached mesh using forceps. Note that this image
shows a 4-cm X 4-cm graft rather than the 2-cm X 6-cm wrap the
authors prefer to use.
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Table I  Custom Likert-like items to assess patient satisfaction with treatment and likelihood of undergoing surgery again
At this time, how satisfied are you with you the results of your treatment? Numeric
score

Highest possible satisfaction; would definitely have this surgery again

Satisfied; would likely have this surgery again

Neither satisfied nor dissatisfied; unsure if would have surgery again

Dissatisfied; unlikely to have this surgery again

Lowest possible satisfaction; would definitely not have this surgery again

L S N R

maintain circumferential coverage of the nerve more so than to main-
tain the membrane’s position along the length of the nerve; thus,
the surgeon should err toward a looser circumferential coverage to
avoid strangulation of the nerve. Once the location of the allograft
is secured in a satisfactory position along the nerve, the graft is re-
hydrated by pouring 3 to 4 mL of sterile saline along the length of
the wrap and facilitating the rehydration process by using the flat
side of the forceps (or other instrument) to gently squeegee the fluid
through the wrap, which causes the wrap to adhere to the underly-
ing nerve. We prefer to use the XWrap Dry allograft instead of its
analogous prehydrated alternative because we find its handling char-
acteristics and suture-holding properties are superior in the dry state.

Once satisfactory nerve wrapping has been performed, the tour-
niquet is released. As a result of the extensive scarring that is often
present and the subsequent dissection thus necessary in these cases,
we take great care to obtain meticulous hemostasis using bipolar
electrocautery. We feel this is a critical step in the prevention of he-
matoma, and in our experience, has obviated the need for a surgical
drain. Once acceptable hemostasis is achieved, subcutaneous tissues
and skin are closed using 3-0 Vicryl sutures and 4-0 Prolene sutures
(both Ethicon, Somerville, NJ, USA), respectively.

A soft sterile dressing is applied, and the patient is permitted to
begin active range of motion (ROM) immediately postoperatively,
as tolerated. Sutures are removed 10 to 14 days postoperatively, with
a formal therapy protocol initiated at that time under the guidance
of an occupational therapist. This initially includes gentle ROM ex-
ercises, scar massage, and desensitization. Strengthening generally
ensues at the beginning of postoperative week 3.

Data collection and statistical analysis

Demographic, occupational, and medical and surgical histories were
collected for each patient identified. Particular attention was given
to the natural history of the underlying ulnar neuropathy, and the
details of any prior operations that were performed for ulnar neu-
ropathy at the elbow. Objective outcome data included pain levels
on a visual analog scale (VAS), the 11-item version of the Disabili-
ties of the Arm, Shoulder and Hand (QuickDASH) outcome measure
scores, elbow flexion-extension arc of motion (in degrees), grip
strength, and pinch strength.

Grip strength was obtained using the median number of 3 at-
tempts as measured by Jamar hand dynamometer (Sammons Preston,
Inc., Bolingbrook, IL, USA), on setting II for women and setting
III for men. Pinch strength was recorded in an analogous manner
using a mechanical pinch gauge (Pinsco Inc.-B&L Engineering, Santa
Ana, CA, USA). Both measures of strength were recorded as a raw
value (in pounds) and as a percentage relative to the contralateral
side.

Additional clinical examination data included provocative ma-
neuvers specific to ulnar neuropathy at the elbow, and sensory
examination threshold values obtained via Semmes-Weinstein mono-
filament (SWM) testing of the small finger and ulnar aspect of the
ring ringer. Finally, patient satisfaction was assessed using a single
custom Likert-like scale item, scored 1 to 5, to maintain consisten-
cy with the format of the QuickDASH (Table I).

Basic univariate and descriptive statistics were used to describe
the patient cohort and the treatment timeline relative to the index
surgery with amniotic membrane placement. Bivariate analysis was
performed using paired ¢ testing to compare preoperative and post-
operative elbow ROM, grip and pinch strengths, VAS pain levels,
and QuickDASH outcome scores.

Results
Demographics and treatment timeline

Eight patients (3 women, 5 men) satisfied inclusion in this study.
The patients were a mean age of 47.5 years (range, 39-57 years)
at the time of surgery. All patients had undergone at least 2
ulnar nerve operations before revision neurolysis with amnion
placement, including 7 in whom the senior author performed
at least 1 of the previous operations (Table II). The exception
was in patient 6, for whom the senior author assumed care after
the surgeon he was originally referred to left the practice.

The mean interval from the initial ulnar nerve surgery to
revision neurolysis with amnion membrane placement was
38 months (range, 20-113 months), and the mean interval from
the most recent prior ulnar nerve surgery to amnion mem-
brane placement was 16 months (range, 6-27 months). Average
follow-up duration for all patients was 30 months (range, 16-
41 months).

Before the operation, 4 patients were not working, 2 were
working in a light- or modified-duty capacity, and 2 were
working full-duty. Additional demographic information, oc-
cupational history factors, and prior surgical and disease
courses for each patient are detailed in Table II. Preopera-
tive ulnar nerve-related symptoms and physical examination
findings are presented in the left of Table III.

Quantitative outcomes

All patients demonstrated significant improvement in VAS
pain scores, QuickDASH outcome scores, and grip strength



Table II  Demographic data, disease history, and prior treatment course
Patient Age Sex Non-or  Trauma history Pertinent medical, surgical, and  Occupation, pre-op  Workers" Prior procedure(s) McGowan Time
dominant social history work status comp? grading interval to
before next surgery
procedure
v) (mo)
1 39 F ND None 1 PPD smoker, C5-C6 cervical Desk clerk, out of  Yes 1) Anterior subQ transposition 1) IIA 1)9
radiculopathy, on daily SA and work 2) Revision subQ transposition  2) IIB 2)9
LA opioids, amphetamine 3) Revision neurolysis 3) IIB 3) 11
abuse
2 57 F D None Anxiety, depression; C5-C6 Desk clerk, light Yes 1) Anterior subQ transposition” 1) UC 1) 107
cervical radiculopathy fusion duty 2) Revision subM transposition  2) IIA 2) 6

3t 54 F N Ground level fall, Hyperlipidemia, anxiety, Secretary, out of No 1) In situ decompression 1) IIA 1) 4
no bony injury depression work 2) Revision subQ transposition  2) IIA 2) 17

44 47 M D None 1.5 PPD smoker, C4-C5, C5-C6 Auto mechanic, out Yes 1) In situ decompression, pME 1) IIA 1)3

cervical radiculopathy, on of work 2) Revision subQ transposition, 2) IIB 2) 29
daily SA and LA opioids, elbow capsulectomy 3) IIB 3) 23
ipsilateral radiocapitellar 3) Revision neurolysis, HO
arthritis excision
5 49 M D None None Orthopaedic No 1) Anterior subQ transposition 1) IIB 1) 9
surgeon, full 2) Revision neurolysis 2) III 2) 6
duty

6 40 M ND Remote history of None Police officer, No 1) ORIF ME fx, prophylactic 1) UC 1) 258
ME fx as full duty anterior subQ transposition”  2) I 2) 25
teenager 2) ROH, revision neurolysis”

7 45 M D Remote history of None Shop manager, Yes 1) Anterior subQ transposition” 1) IIA 1) 10
radial head fx light duty 2) Revision neurolysis, 2) IIA 2) 27
with multiple epicondylar release, pME
subsequent
operations

8 49 M D None 1 PPD smoker Warehouse worker, ~ Yes 1) In situ decompression’ 1) ITIA 1) 8

out of work 2) Revision subQ transposition  2) IIB 2) 12

D, dominant; F, female; fx, fracture; HO, heterotopic ossification; LA, long-acting; M, male; ME, medial epicondyle; ND, nondominant; ORIF, open reduction internal fixation; pME, partial medial epicondylectomy;
PPD, pack(s) per day; ROH, removal of hardware; SA, short-acting; SubQ, subcutaneous; UC, unclear from records.
* Denotes prior operations not performed by the senior author.
t Patient 3 was involved in litigation against the store where she fell due to wet floors.
t Patient 4 had multiple lateral elbow operations for radiocapitellar arthritis including (1) capitellar hemiarthroplasty and (2) radial head replacement.
§ Patient 7 had a remote history of radial head fracture that was treated with 3 operations (1) radial head excision, (2) radial head replacement, and (3) removal of loose radial head prosthesis before

his first transposition
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Table ITI  Pertinent ulnar nerve-specific history and examination findings, operative details, and qualitative postoperative outcomes
Patient ~ Symptom(s) Preoperative nerve-specific exam Preoperative  Motor  Revision procedure Likert Postoperative outcomes and key
findings Semmes- NCv, satisfaction  exam findings
Weinstein m/s score
1 Numbness, burning, tingling, Positive Tinel's RF = 3.22 40 Revision neurolysis, amniotic membrane 2 Remains out of work
pain, weakness Positive Wartenberg’s SF=4.31 nerve wrapping Off LA opioid, remains on SA
Positive Froment’s Marked improvement in pain
Positive cross-finger test Burning sensation resolved
Intrinsic atrophy Mild residual numbness
Intrinsic weakness (3/5) Slightly improved sensory exam: RF = 3.22; SF = 3.22
Negative Tinel's
Improved intrinsic strength (4/5)
2 Numbness, tingling, nonradiating  Positive Tinel's RF =3.22 63 Revision anterior subQ ulnar nerve 1 Returned to full-duty work
pain SF=3.22 transposition and neurolysis, amniotic Near-full resolution of pain, tingling, numbness
membrane nerve wrapping Improved sensory exam: RF = 2.83; SF = 2.83
Negative Tinel's
3 Numbness, tingling, nonradiating  Positive Tinel's NR 42 Revision neurolysis, amniotic membrane 1 Returned to modified/light-duty work
pain Positive Wartenberg’s nerve wrapping Improvement in pain
Intrinsic weakness (4/5) Sensory exam: RF = 3.22; SF = 4.31
Positive but improved Tinel's
Improved intrinsic strength (4 + /5)
“Repeat NCV = 50 m/s
4 Numbness, tingling, nonradiating  Positive Tinel's NR 54 Revision neurolysis, HO excision, amniotic 2 Remains out of work
pain Positive Wartenberg’s membrane nerve wrapping Mild improvement in pain
Positive Froment's No change in sensory symptoms
Positive cross-finger test Sensory exam: RF = 3.22; SF = 4.31
Intrinsic weakness (4/5) Negative Tinel's
Improved intrinsic strength (4 + /5)
5 Weakness Positive Tinel's RF = 2.83 1 Revision neurolysis, amniotic membrane 1 Returned to full-duty work
Positive Wartenberg’s SF=2.83 nerve wrapping Stable atrophy
Positive Froment’s Positive but improved Tinel's
Positive cross-finger test marked intrinsic No change in sensory exam (normal)
atrophy Negative Tinel's
Intrinsic weakness (2/5) Improved intrinsic strength (3/5)
6 Stabbing, radiating pain Positive Tinel's RF = 2.83 44 Revision neurolysis, HO excision, amniotic 1 Returned to full-duty work
SF=2.83 membrane nerve wrapping Marked improvement in pain
No change in sensory exam (normal)
Negative Tinel's
7 Numbness, tingling, pain Positive Tinel's RF = 6.65 34 Revision neurolysis, amniotic membrane 2 Returned to work in same light-duty capacity
Positive Wartenberg’s SF=UR nerve wrapping, radial head Mild improvement in pain
Intrinsic weakness (4/5) replacement No change in sensory symptoms
Improved sensory exam: RF = 4.31; SF = 6.65
Negative Tinel's
Improved intrinsic strength (4 + /5)
8 Numbness, tingling, pain Positive Tinel's NR 41 Revision neurolysis, amniotic membrane 2 Remains out of work

Intrinsic weakness (4/5)

nerve wrapping

Marked improvement in pain

No change in sensory symptoms
Negative Tinel's

Stable motor exam

HO, heterotopic ossification; LA = long-acting; NCV, nerve conduction velocity; NR, not recorded; PPD, pack(s) per day; RF, ring finger; SA, short-acting; SF, small finger; SubQ, subcutaneous; UR, unresponsive to 6.65 monofilament.

* Patient 3 had repeat electrical studies for workup of new-onset carpal tunnel symptoms.
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(Supplementary Table I; available on the journal’s website at
www.jshoulderelbow.org). Mean VAS improved by 3.5 (95%
confidence interval [CI] for mean difference, 2.4-4.6), from
7.3 to 3.8 (P <.0001). Mean QuickDASH improved by 30
(95% CI, 23-37), from 80 to 50 (P < .0001). Grip strength
improved by 25 pounds on average (95% CI, 18-32;
P <.0001), a mean improvement of 38% relative to the con-
tralateral side compared with preoperative measurements. For
the 5 patients whose preoperative pinch strength was avail-
able for review, the average postoperative improvement was
4.2 pounds (95% CI, 1.4-7.0; P =.015), a mean improve-
ment of 27% with respect to the contralateral side compared
with preoperative measurements. Preoperative elbow ROM
measurements available for comparison in 6 patients and dem-
onstrated a mean increase of 16° in flexion-extension arc (95%
Cl, 4°-28°; P =.02).

Subjective outcomes

No patients experienced any progression or worsening of their
symptoms compared with preoperatively. Three patients re-
turned to their same preoperative work status, including both
patients who were working full duty up until the time of surgery.
Two patients increased their level of work duty; one previ-
ously out-of-work patient began a light-duty job, and one patient
working light duty preoperatively returned to full-duty work.
The remaining 3 patients were out of work preoperatively and
remained so after the operation. All patients reported satisfac-
tion with their outcomes, represented by a score of “1” or “2”
on the custom Likert-like item. No patients underwent addi-
tional surgery after amnion placement, and no patients developed
any clinical signs of infection, wound problems, or other com-
plications. No local or systemic reactions or other signs of
allogeneic tissue rejection were observed.

Discussion

Despite generally successful outcomes overall, surgical treat-
ment of CuTS results in symptom recurrence for a notable
number of patients, necessitating revision surgery.*!!1216:2!
These patients with secondary CuTS represent a challeng-
ing cohort, because inferior outcomes are expected in revision
cases compared with primary operations, with results further
diminished with each subsequent operation.**’ Although sec-
ondary CuTS patients include those with recurrent or persistent
CuTS, recognizing that their dissimilar etiologies require dif-
fering management strategies is important.'”-*

On the one hand, persistent neuropathy is most often the
result of an inadequate nerve decompression at the time of
the index surgery and is thus manifested clinically as
incomplete postoperative symptom resolution.'”*” When
these patients undergo revision surgery, the surgeon perform-
ing the second operation is often able to visualize discrete
areas of incomplete decompression about the nerve.'® There-
fore, symptoms associated with persistent neuropathy would

be expected to resolve with proper identification and release
of these offending structures.'® On the other hand, recurrent
neuropathy is generally the result of accumulated scar and
adhesion formation around the nerve. Because this is a
gradual process, the resulting clinical picture is defined by
a period of symptom relief before the scarring leads to
recurrent neuropathy symptoms."”'7* In this setting, revi-
sion decompression alone is unlikely to produce sustained
relief, and techniques aimed at scar prevention are critical
to avoid further recurrence.

An effective technique that has been described for the pre-
vention of perineural scarring is nerve wrapping, which has
been reported using an assortment of autogenous, allogeneic,
and xenographic sources.>!>20323%40 However, studies spe-
cifically investigating nerve wrapping in patients with recurrent
CuTS are limited (Supplementary Table II; available on the jour-
nal’s website at www.jshoulderelbow.org),'>+26:32:38

The most extensively studied graft used in this setting is
the saphenous vein autograft harvested from the lower leg.'>*
Although the authors report excellent outcomes with this tech-
nique, its widespread use is unlikely because of certain
limitations. Great saphenous vein harvest is not without its
own risks, most notably wound-healing issues.” This risk may
be increased even further in certain patient populations, in-
cluding those with diabetes and smokers, who represented
3 of 8 patients in our study.” It is likely, however, that this
risk has diminished its use because the harvest technique has
evolved from a large single incision® to the less invasive
2-incision technique using a vein stripper.*'

In addition to the potential for wound problems, the need
for 2 operative fields typically necessitates general anesthe-
sia, which may limit its use in those patients with severe airway
issues or other contraindications to general anesthesia.”’ Fur-
thermore, although the authors claim that this procedure is
not technically demanding, the process of graft harvest, graft
preparation, and nerve wrapping are likely to add signifi-
cant operative time compared with synthetic or allograft
alternatives, and some surgeons may not be as familiar or com-
fortable with the graft harvest process.

Another technique that uses an autogenous adhesion barrier
warranting discussion here is that of the pedicled adipose flap
performed in conjunction with anterior subcutaneous trans-
position of the nerve.® Although the authors originally described
the technique in the primary CuTS surgery, they propose a
similar utility in the revision setting.** This method could
provide a more optimal perineural environment analogous to
the hypothenar fat pad flap, whose success is well docu-
mented in recalcitrant carpal tunnel syndrome,* while
obviating the need for autogenous tissue harvest from a remote
location. Despite their inability to demonstrate a statistical-
ly significant superiority over the more standard fascial sling
technique in primary CuTS patients,” this technique certain-
ly warrants further investigation in the revision setting, where
scar prevention is a primary goal.

As alternatives to autograft, xenograft and allograft options,
including collagen-based wraps, porcine-derived extracellu-
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lar matrix, and processed human dermal matrix tissue, have
all been reported as potential nerve-wrapping substrates with
good outcomes while obviating the aforementioned risks and
morbidities associated with autograft harvest.”***? These grafts
are thought to prevent perineural scarring largely by serving
as a mechanical barrier isolating the injured nerve from the
local scar-promoting surroundings while providing a more hos-
pitable microenvironment by the retaining of growth
factors.”****> Amniotic membrane tissue is a novel allograft
option for use in this setting that would theoretically provide
a similar mechanical barrier. In addition, animal models suggest
that amniotic membrane tissue possess the added benefit of
its inherent anti-inflammatory and antifibrotic properties,
making it particularly well suited for use as a perineural ad-
hesion barrier.'*!*>3!

All patients in our series demonstrated some degree of
improvement in various subjective and quantifiable mea-
sures, but these improvements were not as pronounced as in
the 2 most comparable series of recurrent CuTS patients
treated with nerve wrapping”?® (Supplementary Table II).
Papatheodorou et al** recently reported their findings in 12
patients treated with ulnar nerve wrapping using porcine-
derived extracellular matrix xenograft, resulting in nearly a
7-point improvement in VAS pain levels and comparable
improvements in strength.?

Although comparing the severity of disease across studies
is difficult, we note that no patients in their study had more
than one previous surgery and that half the patients were aged
older than 50 years.”* In contrast, all patients in our series
had undergone at least 2 prior ulnar nerve operations, and all
but 1 were younger than 50 years at the time of their first ulnar
nerve surgery. This may be of importance for contextualizing
our results in light of recent findings that patients aged younger
than 50 years are more likely to require revision after de-
compression and that an increasing number of revision
operations are associated with poorer outcomes.>'""'>?!

Perhaps the most similar study to ours was that of Puckett
et al,”® who also used an allograft source (decellularized human
dermal tissue) as the substrate for nerve wrapping. The authors
reported an improvement of more than 5 points in mean VAS
pain levels, with similar improvements in grip strength as our
cohort, while also treating patients with multiple prior
operations.”® Importantly, as in our study, the 5 patients in
their cohort expressed satisfaction with their outcomes and
willingness to undergo surgery again.”

Despite our slightly less pronounced improvement in pain
levels than the aforementioned studies and a mean postop-
erative QuickDASH score that remained relatively high across
the cohort, we believe our preliminary results were encour-
aging. All of the patients in our study reported some degree
of symptomatic improvement vs. preoperatively, and objec-
tively measured parameters were improved significantly with
regards to elbow motion, strength, pain, and function. These
improvements, coupled with the consistently high level of sat-
isfaction scores, are likely indicative of a level of preoperative
disability of such severity that even modest improvements in

pain and function were sufficient for patient satisfaction. Future
studies aimed at comparing various nerve wraps in CuTS would
be well-served to use validated outcome scoring, such as the
QuickDASH, in addition to assessment of patient satisfaction.

The final important finding from our series was the lack
of adverse events or reactions associated with the implanta-
tion of the amniotic membrane, with no patients experiencing
wound issues, infections, or other complications. Although
further trial in a larger cohort of patients is necessary to fully
evaluate its safety, these preliminary findings may alleviate
some of the concerns harbored by surgeons considering use
of transplanted allogeneic tissue in a novel setting.

This study has some notable weaknesses, including the
small number of patients and the retrospective design, which
inherently introduces bias while also limiting the preopera-
tive data we are able to obtain. For example, preoperative pinch
strength and elbow ROM were not reliably documented for
all patients. Also, although our follow-up duration was com-
parable to similar studies, there is always the possibility that
the observed outcomes may be diminished with a greater
follow-up interval.

Of course, a major limitation, as with any case series, is
the lack of a comparison group. Thus, the degree to which
the observed outcomes were attributable to the use of the am-
niotic membrane, as opposed to the nerve decompression itself,
may be questioned. To better address such limitations, future
prospective studies are necessary to compare outcomes after
ulnar nerve wrapping with different graft sources, including
amniotic membrane.

Furthermore, analyses of the relative costs of each graft
would be of particular interest in today’s health care land-
scape. Although the 2-cm- X 6-cm-sized XWrap used in this
study is not inexpensive, at $1200.00, to our knowledge, this
is similar to the per-area cost of the dermal matrix allograft
used by Puckett et al.”® In addition to comparing the unit price
of various grafts, a thorough cost analysis should also account
for other subtle factors that may increase the costs associ-
ated with their use, such as lack of availability of longer grafts
necessitating multiple wraps for a single patient™ or the in-
creased operative time associated with autograft harvest.'>*

Conclusion

Ulnar nerve wrapping with an amniotic membrane adhe-
sion barrier is a viable treatment option when used in
conjunction with revision neurolysis for patients with re-
current CuTS. This series observed significant
improvements in pain, function, and strength compared
with preoperatively. In addition, no patients experienced
any complications, adverse reactions, or signs of rejec-
tion to the allogeneic tissue. Given its safety and subjective
efficacy, additional study in comparison with other nerve-
wrap graft options for treatment of recurrent CuTS would
be of value.
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