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BACKGROUND: Various surgical techniques have been attempted to treat patients with
failed anterior subcutaneous transposition performed for cubital tunnel syndrome.
OBJECTIVE: To analyze intraoperative findings of failed anterior subcutaneous transpo-
sition and to report the outcome of in Situ neurolysis of ulnar nerve.
METHODS: Patients who, under diagnosis of failed anterior subcutaneous transposition
of ulnar nerve, underwent in Situ neurolysis between 2001 and 2018 were included in this
study.We excludedpatientswith follow-upof less than one year, records of traumatic ulnar
nerve injury, andconcomitantdouble crush syndromesuchas cervical spondylosis causing
radicular pain, ulnar tunnel syndrome, or thoracic outlet syndrome. Surgical outcomes
were evaluated using visual analog scale (VAS) pain score and Disabilities of the Arm,
Shoulder, and Hand (DASH) score, which were assessed before and after surgery. A total
of 28 elbows in 27 patients whose average age was 58.5 (range, 31-76) yr were enrolled, and
the duration of follow-up was 5.8 (range, 1.0-14.9) yr.
RESULTS: The most common pathologic finding identified during operation was severe
adhesion of the transposed nerve in all elbows, followed by incomplete decompression
of deep flexor-pronator aponeurosis in 26 elbows (93%). The average VAS pain score
improved from 4.9 (range, 2-7) to 1.3 (range, 0-5), and the average DASH score from 31.7
(range, 18.1-66.7) to 14.1 (range, 5.0-46.6). Of the 28 elbows, 27 (96.4%) showed improvement
of preoperative symptoms.
CONCLUSION: In Situ neurolysis of ulnar nerve for patients with failed anterior subcuta-
neous transposition resulted in satisfactory outcome.

KEY WORDS: Cubital tunnel syndrome, Failed anterior subcutaneous transposition, In Situ neurolysis, Anterior
transposition, Revision cubital tunnel syndrome, Case series
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C ubital tunnel syndrome (CuTS) is the
second most common compressive
neuropathy in the upper extremity.1 The

estimated prevalence is 30 cases per 100 000
person-years.2 Approximately 45% of patients
diagnosed with CuTS do not benefit from
conservative treatment,3 and therefore, they are
indicated for surgical management.4 Several
operative techniques have been reported, such as
in Situ decompression, medial epicondylectomy,
and anterior transposition.5,6 Because no one

ABBREVIATIONS: CuTS, cubital tunnel syndrome;
DASH, Disabilities of the Arm, Shoulder, and Hand;
VAS, visual analog scale

technique is superior than the others, the
selection of the technique has depended on
surgeon’s preference.7
The anterior transposition technique has

been widely used.8,9 The ulnar nerve, of which
the original location is behind the medial
epicondyle, is moved anteriorly through the
technique. The transposition could be either
subcutaneous, intramuscular, or submuscular.
Among these different methods within anterior
transposition, the subcutaneous transposition
is the most frequently used.5,10 Prospective
studies showed that patient-reported outcomes
after anterior transposition technique were
favorable in 75% to 90%.11,12 Complications
that might follow the anterior transposition
procedure include hematoma formation,
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TABLE 1. A Rating Scale for Ulnar Neuropathy at the Elbow

Score (points) Pain Sensory Motor

0 Needs regular narcotics Anesthesia Intrinsic paralysis
1 Intermittent medication; constant pain Constant numbness Obvious atrophy
2 Intermittent pain Intermittent paresthesia Weaker than opposite side
3 No pain No numbness No weakness

surgical site infection, and injuries in small posterior branches of
the ulnar nerve.13

Despite favorable outcomes, anterior transposition is not
always successful. Failure is reported to occur in up to 25% of
the patients with CuTS who underwent anterior transposition
as primary surgery.14 For these patients, revision surgery with a
more extensive approach is attempted. Repeat anterior transpo-
sition technique is one of the options,15 but 21% to 25% of the
cases of anterior submuscular transposition showed deterioration
according to objective grading system.16,17 Other methods, such
as anterior subcutaneous transposition,18 nerve wrapping with
saphenous vein,19 or tissue-engineered biomatrix,20 have been
tried as well. However, results of these revision surgeries are less
predictable and satisfactory than primary surgery.21
At our institute, in Situ neurolysis of the ulnar nerve was

performed for the treatment of patients with failed anterior subcu-
taneous transposition. During the operation, the ulnar nerve was
observed from arcade of Struthers to the flexor-pronator aponeu-
rosis to determine the causes of the recurrent symptoms. The
surgical outcome of in Situ neurolysis performed as revision
surgery for failed CuTS was evaluated. In this study, we sought
to analyze intraoperative findings of failed anterior subcutaneous
transposition, and to report the outcome of in Situ neurolysis
performed as a revision surgery.

METHODS

Study Design and Data Collection
This retrospective study was approved by the Institutional Review

Board (IRB No. H-2002-066-1101), which waived informed consent.
Medical records of patients who had in Situ neurolysis of the ulnar
nerve for failed anterior subcutaneous transposition from January 2001
to December 2018 were reviewed. Inclusion criteria were those who were
diagnosed as failed anterior subcutaneous transposition and underwent
in Situ neurolysis. The diagnosis was made when the patients had
persistent or worsened symptoms after anterior subcutaneous transpo-
sition, or recurrence of symptoms after a period of initial relief. The chief
complaint of the patients was commonly pain, and ulnar neuropathy was
confirmed by electrodiagnostic studies in all patients. Exclusion criteria
included patients with a follow-up period of less than 1 yr, iatrogenic
injury of the ulnar nerve, or concomitant double crush syndrome such
as cervical spondylosis causing radicular pain, Guyon canal syndrome, or
thoracic outlet syndrome.

For assessment of symptomatic outcome, we used the same rating
system for ulnar neuropathy as described by Gabel and Amadio17 and

Caputo et al.18 This system uses a score for each category of pain, sensory,
and motor. Patients were evaluated based on the total score and the status
at the last follow-up, for a minimum 1 yr, as excellent, good, fair, or
poor (Table 1). The amount of pain recorded in the visual analog scale
(VAS) and functional outcome measurement using Disabilities of the
Arm, Shoulder, and Hand (DASH) score, which were evaluated when
the patients were admitted for surgery and at least 1 yr after the surgery,
were collected.22 As surgical finding, operative records on the severity
of perineural adhesion, sites of incomplete decompression, and injury of
the cutaneous branches were analyzed.When the perineural adhesion was
circumferential around the nerve, causing tethering and immobilization
of the ulnar nerve, it was considered as severe.23 When the part of the
nerve was flattened, pale, and smaller in diameter than the adjacent part,
it was considered incomplete decompression.

Among 34 elbows in 33 patients who underwent revision cubital
tunnel surgery during the study period, 28 elbows in 27 patients were
included in the study. There were 17 male and 10 female patients, whose
average age was 58.5 (range, 31-76) yr. Eight patients had a history
of fracture around the elbow: lateral condyle fracture in four patients,
bicondylar fracture two, and olecranon fracture two. All 4 patients with
a history of lateral condylar fracture showed valgus deformity of their
elbows. On the review of surgical records written in the hospitals where
the patients underwent surgery, we found that the ulnar nerves were
anteriorly transposed subcutaneously in all 28 elbows. The mean interval
between the primary and revision surgeries was 3.3 (range, 0.1-10.4) yr.
In 23 elbows, preoperative symptoms were persistent despite the primary
surgery, and symptoms of 5 elbows improved for quite some time but
recurred. Before surgery, patients were examined by Tinel’s sign along
the course of ulnar nerve, 2-point discrimination, and ulnar innervated
extrinsic and intrinsicmotor function. The average follow-up period after
the in Situ neurolysis was 5.8 (range, 1.0-14.9) yr (Table 2).

Surgical Procedure
Skin incision was made along the prior surgical incision and extended

one inch proximally and distally. The ulnar nerve was identified at proxi-
mally extended incision site, and it was dissected distally (Figure 1A and
1B). During dissection, presence of any injuries of the cutaneous nerves
was observed and recorded. When the cutaneous nerves were intact,
they were carefully isolated and protected. The ulnar nerve at the elbow
was checked from the arcade of Struthers, medial intermuscular septum,
flexor retinaculum, and flexor carpi ulnaris aponeurosis and to the deep
flexor-pronator aponeurosis. Structures that compressed the ulnar nerve
were examined, and neurolysis was done in Situ (Figure 1C-1E). When
neuroma(s) of the cutaneous branches were found, they were excised, and
the stumps were embedded in the subcutaneous tissue. All operations
were performed by a single surgeon (G.H.B.), who is a senior ortho-
pedic surgeon with more than 10 yr of surgical specialty training in hand
surgery. Patients were immobilized by a long arm splint for 7 d with their
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TABLE 2. Demographics of the Patients

Age (yr)a 58.5 (35-76)

Sex (female)b 10 (37%)
Length of follow-up (yr)a 5.8 (1.0-14.9)
Persistent or recurrent symptomb

Persistent 23 (82%)
Recurrent 5 (18%)

Associated comorbiditiesb 6 (22%)
History of elbow fractureb 8 (29%)

Lateral condylar fracture 4
Bicondylar fracture 2
Olecranon fracture 2

Interval between the primary and revision surgery (yr) 3.3 (0.1-10.4)

aData are presented as numbers and (ranges).
bData are presented as counts and (percentages).

elbows flexed by 30 degrees, and they were subsequently allowed to begin
full active range of motion.

RESULTS

Surgical Findings
In all 28 elbows, the ulnar nerves were anteriorly transposed

subcutaneously. Findings of incomplete decompression were
found, and their locations were identified in 26 elbows (93%).We
found an average of 1.8 (range, 1-3) incomplete decompression

sites. Incomplete release of the deep flexor-pronator aponeu-
rosis (26/26) was the most common, followed by flexor carpi
ulnaris aponeurosis (18/26), medial intermuscular septum (3/26),
and the arcade of Struthers (2/26). All 28 elbows showed severe
perineural adhesions (Figure 2). Neuroma at the branch of the
medial antebrachial cutaneous nerve was found in three elbows,
which were excised and embedded in the subcutaneous tissue. A
summary of our surgical findings is illustrated in Figure 3 and
Table 3.

Surgical Outcomes
Degree of pain was improved in 25 elbows (89%) postopera-

tively, sustained in 3 (11%), and aggravated in none. The VAS
score was improved from 4.9 (range, 2-7) to 1.3 (range, 0-5).
Degree of numbness was improved in 24 elbows (86%) postoper-
atively, sustained in 4 (14%), and aggravated in none. Weakness
was improved in 20 elbows (71%) postoperatively, sustained in
8 (29%), and aggravated in none. Overall, 2 elbows (7%) were
rated as excellent, 18 (64%) good, 7 (25%) fair, and 1 (4%) poor
(Table 4). The DASH score was improved from 31.7 ± 11.7
preoperatively to 14.1 ± 9.5 postoperatively (P-value < .001).
No complications were recorded postoperatively.

DISCUSSION

Anterior transposition of the ulnar nerve is inarguably one
of the most widely used techniques for cubital tunnel surgery. The

FIGURE 1. A, At the proximally extended previous incision site, the normal part of the ulnar nerve is identified (arrow). B, Subsequent dissection is performed
distally. C, Perineural adhesion is circumferential around the anteriorly transposed nerve causing tethering and immobilization of the nerve. D, Examination
along the whole course of the ulnar nerve allows the identification of the completeness of the previous decompression. In this photo, incomplete decompression of
the deep flexor-pronator aponeurosis could be assumed by a lack of evidence that any surgical procedure had been performed. E, Release of the deep flexor-pronator
aponeurosis revealed that the underneath ulnar nerve was flattened, pale, and smaller in diameter than the adjacent part.
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FIGURE 2. This patient (a 61-yr-old man) previously had anterior subcutaneous transposition of ulnar nerve after failed in
Situ decompression for CuTS. His symptom, however, was aggravated and revision surgery was performed. A, Severe adhesion
was identified along the ulnar nerve at the region of transposition anterior to the medial epicondyle (arrows). B, Meticulous
adhesiolysis was performed, and the nerve is now freed. C, Release of the flexor carpi ulnaris aponeurosis revealed that the
underneath ulnar nerve was flattened, pale, and smaller in diameter (triangle) than the adjacent part. D, Complete release of
structures including flexor-pronator aponeurosis was performed. Parts of the ulnar nerve that were incompletely decompressed
during previous surgeries are marked by arrows. Symptom relief started immediately after the in Situ neurolysis and weakness
improved 6 mo after the surgery.

FIGURE 3. Surgical findings of failed anterior subcutaneous transposition.
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TABLE 3. Surgical Findings of 28 Cases of Revision Cubital Tunnel
Surgery

Case number
Severe

adhesion
Structures compressing

the ulnar nerve
Additional
procedures

1 Yes AS, FCUA, FPA
2 FCUA, FPA
3 Yes
4 Yes FCUA, FPA
5 FCUA, FPA
6 Yes FCUA, FPA
7 Yes
8 Yes FCUA, FPA
9 FPA
10 Yes FCUA, FPA
11 FPA Excision of

neuroma
12 FPA
13 AS, FCUA, FPA
14 FCUA, FPA
15 Yes FPA
16 Yes FCUA, FPA Excision of

neuroma
17 FCUA, FPA
18 Yes FPA
19 Yes FPA
20 FPA
21 FCUA, FPA
22 FCUA, FPA
23 FCUA, FPA
24 Yes FCUA, FPA
25 FCUA, FPA
26 Yes FCUA, FPA
27 FPA
28 Yes FCUA, FPA Excision of

neuroma

AS = Arcade of Struthers, FCUA = flexor carpi ulnaris aponeurosis, FPA = deep flexor-
pronator aponeurosis.

TABLE4. Outcomeof inSituDecompression forPatientsWithFailed
Anterior Subcutaneous Transposition of Ulnar Nerve

Preoperative Postoperative Improvement P value

Pain 1.2 ± 0.6 2.4 ± 0.6 +1.2 <.001
Sensory 1.1 ± 0.4 2.2 ± 0.6 +1.1 <.001
Motor 1.0 ± 0.7 1.9 ± 0.8 +0.9 <.001
Total score 3.4 ± 1.0 6.4 ± 1.3 +3.0 <.001

technique has preference over in Situ decompression technique
when the neuropathy is severe or when the nerve becomes
unstable after simple decompression.9 However, failure rate up
to 25% after anterior transposition for CuTS were reported.14
The unfavorable outcomes were related to incorrect diagnosis,
adhesion after anterior transposition, and incomplete decom-
pression.15

One of the main causes of the failed anterior subcutaneous
transposition was severe perineural adhesion, which was found in
all study patients. The adhesionmight be related to the location of
the transposed ulnar nerve, which is not physiologic. Considering
that the nerve is prone to subluxate to its former location when
transposed, creation of structures that prevents this migration is
needed. Fascial sling or subcutaneous stitches that were created to
prevent medial migration of the transposed nerve was considered
a cause of the adhesion because we observed that these adhesions
were mainly located around the medial condylar area where the
nerve was transposed (Figure 2). Furthermore, decrease in blood
flow to the ulnar nerve is inevitable after anterior subcutaneous
transposition.24 The resultant hypoxic status might stimulate the
development of perineural fibrosis.25

In 26 elbows (93%), we found incomplete decompression of
the nerve at more than one site. It mostly occurred at the distal
part of the elbow, especially at the deep flexor-pronator aponeu-
rosis. The incomplete decompression might result in kinking of
the nerve during anterior transposition. This finding is consistent
with a recent cadaveric study that simulated the anterior trans-
position of the ulnar nerve and showed the inevitable kinking of
the nerve unless distal decompression is performed.26 Complete
decompression of these sites improved patients’ complaints
significantly. Moreover, injury of the cutaneous nerve such as
medial antebrachial cutaneous nerve may result in severe pain
after cubital tunnel surgery. This nerve has two branches with
consistent course around the medial epicondyle: the anterior
branch at a site 1.5 cm proximal to the medial epicondyle and
the posterior branch at a site 3.0 cm distal to it.14 Despite the
consistency in the course, Mackinnon and Novak27 reported that
injury occurred in 73% of 100 revision cases during cubital tunnel
surgery. Extensive dissection and exposure during the anterior
transposition procedure might put the nerves at risk despite their
consistent location around the surgical field. This possibility of
medial antebrachial cutaneous nerve injury may be reduced if the
distal part of the ulnar nerve is not open. These worries of the
surgeon might cause incomplete release at the distal part like deep
flexor-pronator aponeurosis and flexor carpi ulnaris aponeurosis.
Several surgical techniques have been attempted for patients

with failed cubital tunnel surgeries. Gabel and Amadio,17
Rogers et al,28 and Aleem et al16 reported the outcomes
of anterior submuscular transposition, and improvement was
observed in 60%, 100%, and 25% of the patients, respec-
tively. Caputo and Watson18 attempted anterior subcutaneous
transposition, and 90% of their patients showed improvement.
However, subjects of these studies were heterogeneous in the
type of primary surgeries. Most of them had undergone anterior
transposition, but others had failed in Situ decompression or
medial epicondylectomy, which limits the comparison of the
outcomes between the techniques. Types of the anterior trans-
position as primary surgeries also varied (Table 5), which might
have been inevitable considering the low incidence of the
failure. On the contrary, our reports are based on selected 28
elbows in which anterior subcutaneous transposition had been
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TABLE 5. Comparison of Outcomes of Surgical Techniques Performed for Patients With Failed Cubital Tunnel Surgeries

References n Primary surgery Follow-up (mo) Revision surgery Improvement

Gabel and Amadio16 30 SC (60%), IM (17%), SM (10%), ISD (10%), ME (3%) 46 SM (80%), SC (17%), IM (3%) 24 (60%)
Rogers et al25 14 ME (44%), SC (38%), IM (13%), ISD (6%) 19 SM 14 (100%)
Caputo and Watson17 20 SC (60%), SM (20%), ISD (20%) 32.4 SC 18 (90%)
Aleem et al15 28 ISD (93%), SC (7%) 40.8 SM 7 (25%)
Current study 28 SC (100%) 69.9 In Situ neurolysis 27 (96%)

IM; anterior intramuscular transposition; ISD, in Situ decompression; ME, medial epicondylectomy SC, anterior subcutaneous transposition; SM, anterior submuscular
transposition.

previously performed but failed. In this study, we performed
in Situ neurolysis, and the symptoms were improved after
the surgery in 27 elbows (96%). The remaining one patient
complained of persistent symptom that, however, did not affect
his daily activity. Functional outcomes according to DASH score
were also favorable.

Limitations
There are some limitations of this study. First, this is

a retrospective study without comparative group. Thus, we
compared our data with previously reported data by using
the same measurement method and added DASH scores as
validated method for measurement of postoperative status.
Second, all patients had anterior subcutaneous transposition at
other hospital. Therefore, we could not identify or analyze the
state of ulnar neuropathy before the surgery.

CONCLUSION

From our literature review, we could not find a report on
surgical outcomes of in Situ neurolysis for patients with failed
anterior subcutaneous transposition. This study showed that
severe perineural adhesion at the transposed site and incomplete
decompression of the ulnar nerve are two main causes of the
failure of anterior subcutaneous transposition. In Situ neurolysis
of the ulnar nerve concerning these two main causes resulted in
favorable outcome.
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COMMENT

T his study examines the use of in situ decompression to treat prior
failed subcutaneous ulnar nerve transposition. Not surprisingly, the

authors noted significant scarring around all of the nerves and failure
of the prior surgeon(s) to divide some of the usual sites of ulnar nerve

entrapment in most. Given the high success rate of revision surgery in
this series, in situ decompression would seem to be a reasonable treatment
option in these cases. I personally use this technique in my practice as
well.

Given the prodigious amount of scar noted by the authors in these
revision procedures, one wonders whether there is a role for the appli-
cation of a nerve wrap to limit the regrowth of this perineural scar. There
are commercially available wraps designed for this purpose, although
given the success rates of revision surgery in this study, perhaps this
additional procedural step is unnecessary.

It is also important to note that we now have the advantage of using
preoperative high-resolution ultrasound to examine the anatomy prior to
performing revision surgery. With ultrasound, I have periodically found
hourglass constrictions that contribute to failed prior subcutaneous trans-
position (and other) ulnar nerve procedures as well. In these cases, I
perform an internal neurolysis to release the intraneural compression if
external neurolysis is insufficient.

Christopher J. Winfree
New York, New York, USA
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