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Human Amniotic Membrane Wrapping of the Ulnar 
Nerve During Cubital Tunnel Surgery Reduces 

Recurrence of Symptoms

Abstract

Background: Compare the recurrence rate of paresthesias in patients undergoing primary cubital tunnel surgery in 
those with and without wrapping of the ulnar nerve with the human amniotic membrane (HAM). 

Methods: A retrospective investigation of patients undergoing primary cubital tunnel surgery with a minimum 90-
day follow-up was performed. Patients were excluded if the nerve was wrapped using another material, associated 
traumatic injury, simultaneous Guyon’s canal release, or revision procedures.  Failure was defined as those patients 
who experienced initial complete resolution of symptoms (paresthesias) but then developed recurrence of paresthesias.

Results: A total of 57 controls (CON) and 21 treated with HAM met our inclusion criteria. There was a difference in 
the mean age of CON (48.4 ± 13.5 years) and HAM (30.6 ± 15) (P< 0.0001). There was no difference in gender mix 
(P=0.4), the severity of symptoms (P=0.13), and length of follow-up (P=0.084). None of 21 (0%) treated with HAM 
developed recurrence of symptoms compared to 11 of 57 (19.3%) (P=0.03) (CON).  Using a multivariate regression 
model adjusted for age and procedure type, CON was 24.4 (95% CI=1.26-500, P=0.0348) times higher risk than HAM 
of developing a recurrence of symptoms.
 
Conclusion: The HAM wrapping used in primary cubital tunnel surgery significantly reduced recurrence rates of 
paresthesias.  Further prospective studies with randomization should be carried out to better understand the role HAM 
can play in cubital tunnel surgery. 

Level of evidence: III 
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Introduction

Cubital tunnel syndrome is the second most common 
compressive neuropathy of the upper extremity.1-3 

There are approximately 75,000 new cases each 
year in the United States.4-6 Surgical treatment is 
performed when nonoperative methods fail.  Several 
procedures have been described including anterior 
transposition (subcutaneous or submuscular), in-situ 
decompression, endoscopic release,and partial medial 
epicondylectomy.7-13

Four possible outcomes can be achieved following an 
ulnar nerve procedure. The first is when the patient 
gets complete relief from symptoms after surgery and 
symptoms do not recur.  In the second scenario, symptoms 
worsen after surgery and can be attributed to iatrogenic 
injury to the nerve. The third one, patients get no or 
partial relief from the surgery. This can be attributed 
to persistent compression from incomplete release of 
the nerve or due to failure of the nerve to recover in the 
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plan was also confirmed at that time.  If the patient was 
no longer a member, the chart review was documented 
from surgery to the last encounter with any healthcare 
provider in our system.   Patients in our integrated health 
care system are captured and are very unlikely to seek 
medical outside of our system (due to health insurance 
plans). Therefore, any medical care rendered to patients 
would be recorded in the electronic medical record and 
reviewed for analysis. Each surgeon assessed their 
patient postoperatively and documented it in the chart.  
Our only endpoint was the recurrence of symptoms.  
Patient-reported outcome scores were not recorded.  

Surgical Technique
An in situ decompression consisted of a 3-4 cm incision 

midway between the olecranon and medial epicondyle. 
The Osborne ligament and the superficial and deep 
fascia of the flexor carpi ulnaris (FCU) were released 
distally, while the fascia between the medial triceps and 
medial intermuscular septum was released proximally. 
The medial intermuscular septum was left intact. 
Circumferential dissection of the nerve was performed 
to release scar tissue and allow the wrapping of HAM.  
In our series, all the anterior transpositions were 
subcutaneous. The nerve was initially decompressed 
with circumferential dissection to allow for mobilization 
and transposition. The longitudinal vessels with the 
nerve were not cauterized. The medial intermuscular 
septum was excised, the Arcade of Struthers was 
released, and the nerve was transposed anteriorly and 
secured with subcutaneous tissue only.  A fascial sling 
was not created.  The choice of the procedure and 
use of HAM was left to the discretion of each surgeon.  
The choice of amnion use was by one physician (Raffy 
Mirzayan, MD) who used it on all consecutive patients 
without any selection criteria.  

A DryFlex amnion matrix (BioD, LLC, Memphis, TN) 
was used in the first 16 patients who underwent HAM 
wrapping, and Amnion Matrix (Arthrex, Naples, FL) 
was used in five patients.  [Figure 1 A; B] The HAM was 
dehydrated and had undergone aseptic processing.  It 
was stored at room temperature and did not require to 
be frozen. The size used was 8 cm x 3 cm.  The HAM was 
wrapped from just proximal to the first motor branch 
of the ulnar nerve and as proximally as it would extend 
(8cm).  The HAM did not require any special handling.  
It was stiff when initially opened from the packaging but 
became elastic and pliable with minimal saline or blood 
contact.  It was not secured with sutures.  

The patients were immobilized in a long arm 
posterior molded plaster splint, which was removed 
at the first post-operative visit between 7 and 14 days.  
The patients were referred to occupational therapy for 
rehabilitation.  

Statistical analysis
Sample characteristics were described as mean ± 

standard deviation for continuous variables and N 
(%) for categorical variables. The Wilcoxon rank-
sum test was used for continuous variables and the 
chi-square test for the categorical variable to detect 

setting of a complete release.  In the fourth scenario, 
the patient gets complete relief, but symptoms recur 
after some time. This recurrence has been attributed to 
perineural fibrosis and scarring those forms around the 
nerve thus causing compression of the nerve.14-16 The 
recurrence rate following cubital tunnel surgery has 
been reported between 3.2%-35%.2,7 

Amnion has been used for over a century for medical 
procedures. It has been used for corneal injuries and 
for burn wound coverage.17 It has been used in several 
orthopedic applications.18  One of the many properties of 
amnion is its ability to prevent scar tissue formation.19,20  

In a rabbit model, Kim et al demonstrated that human 
amniotic membrane (HAM) wrapping of the ulnar nerve 
following an ulnar neuropathy resulted in a significant 
reduction in perineural fibrosis and scarring. 21 One 
study has reported on 8 patients where HAM was used 
in revision cubital tunnel surgery with significant 
improvements in VAS, DASH, and grip strength.22    

The purpose of our study was to compare the 
recurrence of ulnar nerve paresthesias in patients who 
underwent cubital tunnel procedures with and without 
HAM.  

Materials and Methods
Patient Information	

After obtaining Institutional Review Board approval, 
patients who underwent an ulnar nerve procedure 
between January 1, 2012, and June 30, 2018, at a single 
facility were identified.  Our integrated health care 
system does not use CPT codes, but rather procedure 
codes.  All procedures with the following codes were 
identified and reviewed: 1. “Cubital tunnel release”; 2. 
“Ulnar nerve transposition”, 3. “Ulnar nerve at elbow 
decompression.”   Procedures were performed by three 
fellowship-trained hand surgeons with Certificates of 
Added Qualification in orthopedic hand surgery and 
one fellowship-trained shoulder and elbow surgeon 
with a Certificate of Added Qualification in orthopedic 
sports medicine.  Each surgeon had a minimum of 10 
years of experience in practice.  Our inclusion criteria 
included patients who underwent primary procedures 
for cubital tunnel syndrome with a minimum of 90 days 
follow-up. The exclusion criteria included: the wrong 
diagnosis, wrapped with another product, trauma 
cases where the nerve was transposed as a routine 
part of the procedure, planned revision surgery for 
ease of ulnar nerve exploration, simultaneous cubital 
and Guyon’s canal tunnel releases, and revision ulnar 
nerve procedures. Patient demographic information, 
prior surgery, concomitant procedures, smoking status, 
the severity of nerve involvement (based on McGowan 
classification), tourniquet time, and re-operations were 
recorded. 23 We defined failure as those patients who 
had initial resolution of symptoms following surgery 
but then developed a recurrence of symptoms after the 
procedure.5 We defined clinical follow-up as the time 
from surgery to the last clinic visit with an orthopedic 
provider. We defined chart review as the time from 
surgery to when the patient’s chart was reviewed for 
data collection. Patient enrollment status in our health 
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the difference between HAM and control groups.  
Logistic regression was applied to evaluate the risk 
ratio of having a recurrence. Logistic regression with 
penalized likelihood method was used to control for 
significant variables to determine odds ratios.  All 
analyses were analyzed using SAS version 9.4 (SAS 
Institute Inc, Cary, NC) and the statistical significance 
level was set as P < 0.05. 

Results
Our search identified 165 cases.  Of those, 58 were 

excluded for inadequate follow-up, 6 for wrong 
diagnosis/procedure, 2 were wrapped with another 
material, 12 trauma cases requiring transposition, 
and 9 planned revision surgery, leaving 78 patients 
who met our inclusion criteria.  Of those, 21 patients 
(26.9%) underwent HAM wrapping at the time of the 
index procedure while 57 (73.1%) did not.  The chart 
review was carried out on an average of 46 + 19 months 
(range 10 to 82 months) in the HAM group and 61 + 
27 months (range: 9 to 101 months) in the CON group 
(P=0.0112). 

There was a significant difference in the mean age of 
the HAM group 30.6 ± 15 years (range, 16-63 years) 
compared to 48.4 ± 13.5 years (range, 14-70 years) in 
the CON group (P<0.0001).  There was no difference 
noted in the ratio of women to men within the 
respective groups, with 14 of 21 (66.7%) being men in 
the HAM group, and 46 of 57 (59%) being men in CON 
(P=0.4). The average length of follow-up for all patients 
was 447.4 days (range, 91-1926 days). No significant 
difference in the length of follow-up between the two 
groups, with a mean of 346+243 days (range, 91-876 
days) in the HAM group versus 485+445 days (range, 
91-1926 days) in CON (P=0.084). 

Based on the McGowan Classification, 23 47 of 58 
(82.5%) in the HAM group had moderate to severe 
disease, as compared to 14 of 21 (66.7%) in the CON 
group (P=0.13). The average tourniquet time for all 
patients was 56.6+22 minutes (range, 24-121 minutes). 
No difference was found with respect to tourniquet time 
between the HAM group, with 66.7+3 minutes (range, 
32-121 minutes), compared to 52.3+2 minutes (range, 

24-115 minutes) in the CON group (P=0.076). 
Patients underwent one of two procedures, in situ 

ulnar nerve decompression (UND) or subcutaneous 
ulnar nerve transposition (UNT). There was a difference 
in procedure types between the two groups. In the CON 
group, 49 of 57 (86%) underwent UND compared to 13 
of 21 (62%) in the HAM group (P=0.02). 

A total of 11 of 57 (19.3%) patients in the CON group 
experienced a recurrence of symptoms following the 
index procedure compared to none of 21 (0%) in the 
HAM group (P=0.03). Using a multivariate regression 
model adjusted for age and procedure type, CON was 
24.4 (95% CI=1.26-500, P=0.0348) times higher risk 
than HAM of developing a recurrence of symptoms.  The 
mean time of recurrence was 10.4 + 4 months (range: 
4 - 18.4 months) 

Discussion
Our findings show that wrapping of the ulnar nerve 

with HAM following cubital tunnel surgery significantly 
reduces the recurrence of paresthesias. None of 
the patients treated with HAM developed recurrent 
symptoms and when controlled for age and procedure 
type, those not wrapped with HAM had a 24 times 
higher likelihood for recurrence.  

Cubital tunnel syndrome is the second most common 
compressive neuropathy of the upper extremity.1-3 The 
annual incidence has been reported to be 25 cases per 
100,000 person-years in men and 19 cases in 100,000 
person-years in women, translating to approximately 
75,000 new cases each year in the United States.4-6, 24 
Surgical treatment is performed when nonoperative 
methods fail. The rate of surgical treatment for cubital 
tunnel syndrome has increased over the last decade.8 
Several procedures have been described including 
anterior transposition (subcutaneous or submuscular), 
in-situ decompression, endoscopic release,and partial 
medial epicondylectomy.7-13 Each of these procedures 
has advantages and disadvantages.  Soltani et al. 8 
reported that over the course of 11 years, the rate 
of in situ decompression has increased while that of 
transposition has decreased.  This is in part due to 
several prospective studies and meta-analyses that 

Figure 1. A. Human amniotic membrane (HAM) is held next to a decompressed ulnar nerve (N), B. Ulnar nerve wrapped in HAM (N+HAM). 

M- medial epicondyle.
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have shown no difference in clinical outcomes between 
the two procedures. 6,25-31  However, revision rates 
between 3.2% to 25% have been reported with in situ 
decompression and as high as 12% in transposition.7,32  

Failure of cubital tunnel surgery can be divided 
into three categories.22 The first is that the patient’s 
symptoms worsen after surgery, which can be attributed 
to iatrogenic injury.33,34 The second scenario is one where 
the patient gets no or partial relief from the surgery.  
This can be attributed to incomplete decompression 
of the nerve.33,35,36 The third scenario is that the patient 
gets complete relief, but symptoms recur after some 
time.  This recurrence has been attributed to perineural 
fibrosis and scarring those forms around the nerve, 
thus causing recurrent compression of the nerve.14-16,37 

Therefore, various materials have been used to wrap 
the ulnar nerve to prevent scarring including saphenous 
nerve autograft, pedicled adipose autograft, substitutes 
dural flaps, decellularized human dermal tissue, porcine 
extracellular matrices, and collagen matrix wrap.38-43 

Amnion has been used for over a century for medical 
procedures.  It has been used for corneal injuries and 
for burn wound coverage.17,44,45 Amnion has anti-
inflammatory properties, including downregulation 
of TGF-β, which can reduce perineural fibrosis and 
scarring and recurrence of symptoms following cubital 
tunnel surgery. 19,21,46-49 Several animal models have used 
amniotic tissue to prevent scar formation. In a rabbit 
model, Kim et al.21 demonstrated that human amniotic 
membrane (HAM) wrapping of the ulnar nerve following 
a neuropathy resulted in a significant reduction in 
perineural fibrosis and scarring. This has also been 
demonstrated in human patients.20 Meng et al.50 using 
a rat model, transected and repaired sciatic nerves and 
found that those wrapped with processed HAM had 
significantly fewer adhesions and less scar formation 
than controls. In another rat model, Ozgenel et al.51 

investigated the extent of adhesions and perineurial scar 
thickness macroscopically and histologically at 4 and 
12 weeks following circumferential epineurectomies of 
sciatic nerves and found that nerves treated with HAM 
wrapping and hyaluronic acid injection had the least 
amount of adhesion and perineurial scar tissue. 

Application of HAM in human patients has been 
performed mostly to reduce postoperative scarring 
and adhesion formation prostate, spine, lung, vaginal 
reconstructions, and ocular surgery. 46, 52-57 HAM has been 
used in several orthopedic applications.18 Vines et al.58 

performed a six patient feasibility study using amnion 
injections to treat symptomatic knee osteoarthritis. 
Zelen et al.59 injected micronized dehydrated human 
amniotic/chorionic membrane (mDHACM) as an 
alternative to surgical intervention in the treatment 
of refractory plantar fasciitis. Hanselman et al. 60 
compared cryopreserved human amniotic membrane 
(c-hAM) injections to corticosteroid injections in 
plantar fasciitis patients.  It has also been used for 
tendon wrapping in foot and ankle surgery.61, 62

One other study has investigated the use of HAM 
in revision cubital tunnel surgery.22 The researchers 

reported on eight patients, with two failed prior ulnar 
nerve operations, who underwent revision neurolysis 
with HAM wrapping.  At a mean of 30 months follow-
up, the patients had significant improvement in VAS, 
DASH, and grip strength. We began using human 
amniotic membranes in 2011 at our institution. Initially, 
it was used in trauma and arthroplasty cases where 
the likelihood of revision surgery was high and ulnar 
nerve identification and dissection would be made 
easier during revision surgery.  On several occasions of 
revision surgery, it was noted that dissection of the ulnar 
nerve was simplified due to the lack of scar formation 
around the nerve.  Therefore, one of the authors (Raffy 
Mirzayan, MD) began using HAM routinely on all the 
cubital tunnel procedures to prevent the recurrence of 
symptoms of paresthesias.     

Our study is not without limitations.  It is retrospective 
with its inherent shortcomings. There were no 
standardized indications to perform the type of 
procedure, and occupational therapy protocols were 
carried out by various therapists. There were no patient-
reported outcomes or pain scores, nor the grip and pinch 
strength measurements. While these measurements are 
important to collect and report, several prospective 
studies and meta-analyses have shown no difference in 
clinical outcomes of cubital tunnel release and anterior 
transposition surgery with the only difference being 
in recurrence rates. 6, 25-31 Therefore, our study was 
specifically aimed to address recurrence rates and not 
functional outcomes.  In addition, although a minimum 
of 90 days may not be long enough, our patients are 
captured in our healthcare system, and if they did have 
a recurrence of symptoms, they would have sought 
medical intervention, which would have appeared in 
their chart at the time of review. Another limitation 
is that there was only one surgeon who used HAM 
which could have led to selection bias, other factors, 
and confounders, besides HAM that might explain 
the difference in recurrence such as patient selection, 
surgical technique, post-op protocol.

While our findings are promising, larger prospective, 
randomized controlled studies should be performed to 
better control for variables and better refine indications 
for use of HAM in cubital tunnel surgery.
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