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of the Ulnar Nerve
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C ompression of the ulnar nerve at the elbow, also re-
ferred to as cubital tunnel syndrome (CuTS), is the sec-
ond most common peripheral nerve compression 

syndrome in the upper extremity.1,2 Although the ulnar nerve 
can be compressed at 5 different sites, including arcade of 
Struthers, medial intermuscular septum, medial epicondyle, 
and deep flexor aponeurosis, the cubital tunnel is most com-
monly affected.3 Patients typically present with paresthesias in 
the fourth and fifth digits and weakness of hand muscle intrin-
sics. Activity-related pain or pain at the medial elbow can also 
occur in more advanced pathology.4 It is estimated that conser-
vative therapy fails and surgical intervention is required in up 
to 30% of patients with CuTS.1 Surgical approaches range from 
in situ decompression to transposition techniques, but there 
is no consensus in the orthopedic community as to which 
technique offers the best results. In a 2008 meta-analysis, 
Macadam and colleagues5 found no statistical differences in 
outcomes among the various surgical approaches. Neverthe-

less, subcutaneous transposition of the ulnar nerve at the elbow 
is a popular option.6

Despite the widespread success of surgical intervention for 
CuTS, persistent or recurrent pain occurs in 9.9% to 21.0% of 
cases.7-10 In addition, several investigators have cited perineural 
scarring as a major cause of recurrent symptoms after primary 
surgery.11-14 Filippi and colleagues11 noted that patients who 
required reoperation after primary anterior transposition had 
“serious epineural fibrosis and fibrosis around the transposed 
ulnar nerve.” At our institution, we have similarly found that 
scarring of the fascial sling around the ulnar nerve led to recur-
rence of CuTS within 4 months after initial surgery (Figure 1).

We therefore prefer to use a vascularized adipose flap to se-
cure the anteriorly transposed ulnar nerve. This flap provides a 
pliable, vascularized adipose environment for the nerve, which 
helps reduce nerve adherence and may enhance nerve recov-
ery.15 In the study reported here, we retrospectively reviewed 
the long-term outcomes of ulnar nerve anterior subcutaneous 
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Perineural scarring is a major cause of recurrent symptoms 
after anterior subcutaneous transposition secured with a 
fascial sling. Use of a vascularized adipose flap to secure 
the anteriorly transposed ulnar nerve can help reduce 
nerve adherence and may enhance nerve recovery.

In the study reported here, we retrospectively reviewed 
the long-term outcomes of ulnar nerve anterior subcuta-
neous transposition secured with either an adipose flap 
(16 patients) or a fascial sling (17 patients). The 33 pa-
tients underwent physical examinations and completed 
the DASH (Disabilities of the Arm, Shoulder, and Hand) 
questionnaire, visual analog scales (VASs), and the Modi-
fied Bishop Rating Scale (MBRS).

There were no significant differences in DASH (P = .673), 
VAS pain (P = .413), or VAS weakness (P = .362) scores 
between the adipose flap and fascial sling groups. Physi-
cal examinations revealed no significant differences in 
flexion–extension arc (P = .668) or supination–pronation 

arc (P = .226) between the operated and nonoperated 
extremities. Lateral pinch strength and grip strength were 
comparable. On the MBRS, excellent and good outcomes 
were reported by 62.5% and 37.5% of the adipose flap 
patients, respectively, and 59% and 41% of the fascial  
sling patients.

The contribution of perineural scarring to postoperative 
recurrent ulnar neuropathy is well documented. We think 
the pedicled adipofascial flap benefits the peripheral nerve 
by providing a scar tissue barrier and an optimal milieu for 
vascular regeneration. For all patients in the present study, 
symptoms improved, though the adipose flap and fascial 
sling groups were not significantly different in their objec-
tive outcomes. Subjective results were slightly better for 
the adipose flap patients but not significantly so.

These findings indicate that, compared with the current 
standard of care, adipose flaps are more efficacious in 
securing the anteriorly transposed nerve.
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transposition secured with either an adipose flap or a fascial 
sling. We hypothesized that patients in the 2 groups (adipose 
flap, fascial sling) would have equivalent outcomes.

Materials and Methods
After obtaining institutional review board approval, we re-
viewed the medical and surgical records of 104 patients (107 
limbs) who underwent transposition of the ulnar nerve se-
cured with either an adipose flap (27 limbs) or a fascial sling 
(80 limbs) over a 14-year period. The fascial sling cohort was 
used as a comparison group, matched to the adipose flap co-
hort by sex, age at time of surgery, hand dominance, symptom 
duration, and length of follow-up (Table 1). Patients were 
indicated for surgery and were included in the study if they 
had a history and physical examination consistent with pri-
mary CuTS, symptom duration longer than 1 year, and failed 
conservative management, including activity modification, 
night splinting, elbow pads, occupational therapy, and home 
exercise regimen. Electrodiagnostic testing was used at the 
discretion of the attending surgeon when the diagnosis was 
not clear from the history and physical examination. All fascial 
sling procedures were performed at our institution by 1 of 3 

fellowship-trained hand surgeons, including Dr. Rosenwass-
er. The adipose flap modification was performed only by Dr. 
Rosenwasser. Of the 27 patients in the adipose flap group, 
23 underwent surgery for primary CuTS and were included 
in the study; the other 4 (revision cases) were excluded; 1 
patient subsequently died of a cause unrelated to the surgical 
procedure, and 6 were lost to follow-up. Of the 80 patients 
in the fascial sling group, 30 underwent surgery for primary 
CuTS; 5 died before follow-up, and 8 declined to participate.

Thirty-three patients (16 adipose flap, 17 fascial sling) met 
the inclusion criteria. Of the 16 adipose flap patients, 15 under-
went the physical examination and completed the question-
naire, and 1 was interviewed by telephone. Similarly, of the 17 
fascial sling patients, 15 underwent the physical examination 
and completed the questionnaire, and 2 were interviewed by 
telephone. There were no bilateral cases. Conservative man-
agement (activity modification, night splinting, elbow pads, 
occupational therapy, home exercise) failed in all cases.

A trained study team member who was not part of the 
surgical team performed follow-up evaluations using objec-
tive outcome measures and subjective questionnaires. Patients 
were assessed at a mean follow-up of 5.6 years (range, 1.6- 
15.9 years). Patients completed the DASH (Disabilities of the 
Arm, Shoulder, and Hand) questionnaire16 and visual analog 
scales (VASs) for pain, numbness, tingling, and weakness in 
the ulnar nerve distribution. They also rated the presence of 
night symptoms that were interfering with sleep. The Modi-
fied Bishop Rating Scale (MBRS) was used to quantify patient 
self-reported data17,18 (Figure 2). The MBRS measures over-
all satisfaction, symptom improvement, presence of residual 
symptoms, ability to engage in activities, work capability, and 
subjective changes in strength and sensibility.

In the physical examinations, we tested for Tinel, Warten-
berg, and Froment signs; performed an elbow flexion test; and 
measured elbow range of motion for flexion and extension as 
well as forearm pronation and supination. We also evaluated 
lateral pinch strength and grip strength, using a Jamar hydrau-
lic pinch gauge and a Jamar dynamometer (Therapeutic Equip-
ment Corp) and taking the average of 3 assessments. Fifth-digit 
abduction strength was graded on a standard muscle strength 
scale. Two-point discrimination was measured at the middle, 
ring, and small digits of the operated and contralateral hands.19

Figure 1. Ulnar nerve (asterisk) constricted by scarred fascial sling 
4 months after primary procedure. Arrow indicates scarification 
around nerve.

Table 1. Patient Demographics

Demographic Adipose Flap Fascial Sling Total P

Patients, n 16 17 33 —

Mean age (range) at time of surgery, mo 55.7 (26-81) 57.5 (16-86) — .406

Sex
   Male
   Female

10
6

7
10

17
16

.303

Hand dominance, n 7 9 16 .732

Mean symptom duration (range), mo 27 (3-180) 33 (3-180) — .557

Mean length of follow-up (range), mo 53.9 (20-100) 87.7 (30-190) — .066
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Surgical Technique
Standard ulnar nerve decompression with anterior subcuta-
neous transposition and the following modifications were 
performed on all patients.20 A posteromedial incision parallel 
to the intermuscular septum was developed and the ulnar 
nerve identified. Minimizing stripping of the vascular mes-
entery, the dissection continued along the course of the nerve, 
and the medial intermuscular septum was excised to prevent 
secondary compression after transposition. The ulnar nerve 
was mobilized and transposed anterior to the medial epicon-
dyle (Figure 3). For patients who received the fascial sling, a 
fascial sleeve was elevated from the flexor-pronator mass and 
sutured to the edge of the retinaculum securing the nerve. For 
patients who received the adipose flap, the flap with its vascular 
pedicle intact was elevated from the subcutaneous tissue of 
the anterior skin overlying the transposed nerve. The adipose 
tissue was sharply dissected in half while sufficient subcuta-
neous tissue was kept between the skin and the flap. A plane 
was developed based on an anterior adipose pedicle, which 

included a cutaneous artery and a vein that would supply the 
vascularized adipose flap. The flap was elevated and wrapped 
around the nerve without tension while the ulnar nerve was 
protected from being kinked by the construct. The flap was 
sutured to the anterior subcutaneous tissue to create a tunnel of 
adipose tissue surrounding the nerve along its length (Figure 
4). The elbow was then flexed and extended to ensure free 
nerve gliding before wound closure.

The patient was allowed to move the elbow within the 
bulky dressings immediately after surgery. After 2 weeks, 
sutures were removed. Formal occupational therapy is not 
needed for these patients, except in the presence of significant 
weakness.

Results
As mentioned, the 2 groups were matched on demographics: 
age at time of surgery, sex, symptom duration, and length of 
follow-up (Table 1).

Figure 3. Transposed ulnar nerve (arrow) with pedicled adipose 
flap being prepared to wrap around nerve.

Figure 4. Ulnar nerve (right arrow) wrapped in adipose tissue  
(left arrow).

Satisfaction
   Satisfied
   Satisfied with reservation
   Dissatisfied

2
1
0

Subjective improvement
   Better
   Unchanged
   Worse

2
1
0

Severity of residual symptoms
   None
   Mild
   Moderate
   Severe

3
2
1
0

Work status
   Working or able to work at previous joba

   Not working because of ulnar neuropathy
1
0

Leisure activity
   Unlimited
   Limited

1
0

Grip strength
   Better
   Unchanged

1
0

Sensation
   Better
   Unchanged

1
0

Total 11

Classification of results
   Excellent
   Good
   Fair

8-11
6-8, 4-7

0-3

aA patient who had reached retirement age but felt capable of working in his or 
her previous occupation was given a maximum score of 1.

Figure 2. Modified Bishop Rating Scale.



Adipose Flap Versus Fascial Sling for Anterior Subcutaneous Transposition of the Ulnar Nerve

92  The American Journal of Orthopedics® February 2016 www.amjorthopedics.com

For the 16 adipose flap patients (Table 2), mean DASH score 
was 19.9 (range, 0-71.7). Seven of these patients reported up-
per extremity pain with a mean VAS score of 1.7 (range, 0-8);  
4 patients reported pain in the wrist and fourth and fifth digits; 
only 1 patient reported pain that occasionally woke the pa-
tient from sleep. Constant numbness was present in 6 patients. 
Four patients reported constant mild tingling in the hand, 
and 11 reported intermittent tingling. Eleven patients (68.7%) 
reported operated-arm weakness with a mean VAS score of  
3.4 (range, 0-8). In patients who had a physical examination, 
mean elbow flexion–extension arc of motion was 134° (range, 
95°-150°), representing 99% of the motion of the contralateral 
arm. Mean pronation–supination arc was 174° (range, 150°-
180°), accounting for 104% of the contralateral arm. Mean lat-
eral pinch strength was 73% of the contralateral arm, and mean 
grip strength was 114% of the contralateral arm. The Tinel sign 
was present in 2 patients, the Froment sign was present in  
3 patients, and the elbow flexion test was positive in 2 patients. 
No patient had a positive Wartenberg sign. On the MBRS,  
10 patients had an excellent score, and 6 had a good score.

For the 17 fascial sling patients (Table 2), mean DASH 
score was 22.7 (range, 0-63.3). Three patients reported upper 
extremity pain with a mean VAS score of 1.4 (range, 0-7);  
3 patients reported pain that occasionally woke them from 
sleep. Seven patients had constant numbness in the distribution 
of the ulnar nerve. Two patients had constant paresthesias, 
and 7 had intermittent paresthesias. Nine patients (52.9%) 
reported arm weakness with a mean VAS score of 2.5 (range, 
0-8). Mean elbow flexion–extension arc of motion was 136° 
(range, 100°-150°), representing 100% of the contralateral arm. 
Mean pronation–supination arc was 187° (range, 155°-225°), 
accounting for 102% of the contralateral arm. Mean lateral 
pinch strength was 93% of the contralateral arm, and mean 
grip strength was 80% of the contralateral arm. The Tinel 
sign was present in 6 patients, the Froment sign in 3 patients, 
and the Wartenberg sign in 2 patients. The elbow flexion test 
was positive in 4 patients. On the MBRS, 10 patients had an 
excellent score, and 7 had a good score.

There was no recurrence of CuTS in either group. One ad-
ipose flap patient developed a wound infection that required 
reoperation.

Discussion
Ulnar neuropathy was described by Magee and Phalen21 in 
1949 and termed cubital tunnel syndrome by Feindel and Stratford22 
in 1958. Since then, numerous procedures, including in situ 
decompression, medial epicondylectomy, and endoscopic de-
compression,23,24 have been advocated for the treatment of this 
condition. In addition, anterior transposition, which involves 
securing the ulnar nerve in a submuscular, intramuscular, or 
subcutaneous sleeve,6 remains a popular option. Despite more 
than half a century of surgical treatment for this condition, 
there is no consensus about which procedure offers the best 
outcomes. Bartels and colleagues8 retrospectively reviewed sur-
gical treatments for CuTS, examining 3148 arms over a 27-year 
period. They found simple decompression and anterior intra-
muscular transposition had the best results, followed by medial 
epicondylectomy and anterior subcutaneous transposition, 
with anterior submuscular transposition yielding the poorest 
outcomes. Despite these findings, the operative groups’ recur-
rence rates remained significant. These results were challenged 
in a 2008 meta-analysis5 that found no significant difference 
among simple decompression, subcutaneous transposition, 
and submuscular transposition and instead demonstrated 
trends toward better outcomes with anterior transposition. 
Osterman and Davis7 reported a 5% to 15% rate of unsatis-
factory outcomes with anterior subcutaneous transposition, a 
popular technique used by surgeons at our institution.

The causes for failure or recurrence of ulnar neuropathy 
after surgical intervention are multifactorial and include preex-
isting medical conditions and improper operative technique. It 
is well established that failure to excise all 5 anatomical points 
of entrapment, or creation of new points of tension during 
surgery, leads to poor outcomes.12 Nevertheless, the contribu-
tion of perineural scarring to postoperative recurrent ulnar 
neuropathy is currently being recognized: Gabel and Amadio13 
described postoperative fibrosis in one-third of their patients 
with surgically treated recurrent CuTS, Rogers and colleagues14 
noted dense perineural fibrosis after intramuscular and sub-
cutaneous transposition procedures, Filippi and colleagues11 
cited serious epineural fibrosis and fibrosis around the ulnar 
nerve as the main findings in their study of 22 patients with 
recurrent ulnar neuropathy, and Vogel and colleagues12 found 

Table 2. Outcomes

Outcome Adipose Flap Fascial Sling P

Mean (SD) flexion–extension arc 134° (15°) 136° (14.4°) .668 

Mean (SD) pronation–supination arc 174° (9.7°) 187° (16.6°) .226

Lateral pinch strength 73% of contralateral side 93% of contralateral side —

Grip strength 114% of contralateral side 80% of contralateral side —

Mean (SD) DASH score 19.9 (19.4) 22.7 (19.2) .673

Mean (SD) VAS pain score 1.7 (2.6) 1.4 (2.4) .413

Mean (SD) VAS weakness score  3.4 (2.7) 2.5 (2.8) .362

Abbreviations: DASH, Disabilities of the Arm, Shoulder, and Hand; VAS, visual analog scale.
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that 88% of their patients with persistent CuTS after surgery 
exhibited perineural scarring.

We think that use of a scar tissue barrier during ulnar nerve 
transposition reduces the incidence of cicatrix and produces 
better outcomes—a position largely echoed by the orthopedic 
community, as fascial, fasciocutaneous, free, and venous flaps 
have all been used for such purposes.25,26 Vein wrapping has 
demonstrated good recovery of a nerve after perineural scar-
ring.27 Advocates of intramuscular transposition argue that 
their technique provides the nerve with a vascularized tunnel, 
as segmental vascular stripping is an inevitability in transposi-
tion. However, this technique increases the incidence of scar-
ring and potential muscle damage.28,29 We think the pedicled 
adipofascial flap benefits the peripheral nerve by providing 
a scar tissue barrier and an optimal milieu for vascular re-
generation. Kilic and colleagues15 demonstrated the regenera-
tive effects of adipose tissue flaps on peripheral nerves after 
crush injuries in a rat model, and Strickland and colleagues30 
retrospectively examined the effects of hypothenar fat flaps 
on recalcitrant carpal tunnel syndrome, showing excellent 
results for this procedure. It is hypothesized that adipose tissue 
provides not only adipose-derived stem cells but also a rich 
vascular bed on which nerves will regenerate.

For all patients in the present study, symptoms improved, 
though the adipose flap and fascial sling groups were not sig-
nificantly different in their outcomes. We used the MBRS to 
quantify and compare the groups’ patient-rated outcomes. 
No statistically significant difference was found between the 
adipose flap and fascial sling groups. On the MBRS, excellent 
and good outcomes were reported by 62.5% and 37.5% of the 
adipose flap patients, respectively, and 59% and 41% of the 
fascial sling patients (Table 3). Likewise, objective measure-
ments did not show a significant difference between the 2 
interventions—indicating that, compared with the current 
standard of care, adipose flaps are more efficacious in securing 
the anteriorly transposed nerve.

Complications of the adipose flap technique are consistent 
with those reported for other techniques for anterior transpo-
sition of the ulnar nerve. The most common complication is 
hematoma, which can be avoided with meticulous hemostasis. 
Damage of the medial antebrachial cutaneous nerve or mo-
tor branches to the flexor carpi ulnaris has been reported for 
the fascial technique (we have not had such outcomes at our 
institution). Contraindications to the adipofascial technique 
include insufficient subcutaneous adipose tissue for covering 
the ulnar nerve.

This study was limited by its retrospective setup, which 
reduced access to preoperative objective and subjective data. 
The small sample size also limited our ability to demonstrate 
the advantageous effects of an adipofascial flap in preventing 
postoperative perineural scarring. 

The adipose flap technique is a viable option for securing 
the anteriorly transposed ulnar nerve. Outcomes in this study 
demonstrated an efficacy comparable to that of the fascial sling 
technique. Symptoms resolve or improve, and the majority of 
patients are satisfied with long-term surgical outcomes. The 
adipofascial flap may have additional advantages, as it provides 
a pliable, vascular fat envelope mimicking the natural fatty 
environment of peripheral nerves.
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