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Objective: The aim of this study was to present the mid- to long-term results of subcutaneous ante-
rior transposition of the ulnar nerve in the treatment of cubital tunnel syndrome. 
Methods: The study retrospectively evaluated 33 patients (24 males, 9 females; mean age: 48 years;
range: 26 to 59 years) who underwent subcutaneous transposition of the ulnar nerve. Mean follow-up
period was 4 years 9 months (range: 2 years 6 months to 8 years). Modified McGowan’s classification
was used for preoperative scoring and the Wilson & Krout classification for postoperative clinical eval-
uation. Preoperatively 5 patients (15%) had Grade 1, 7 (21%) had Grade 2A, 9 (27%) had Grade 2B,
and 12 (36%) had Grade 3 neuropathy. 
Results: There were excellent results in 24 patients (73%), good in 7 (21%), fair in 1 (3%), and poor
in one (3%). The patient with the poor result had developed neuropathy following a crush injury.
There was a negative correlation between the preoperative McGowan grade and the postoperative
Wilson & Krout score (p<0.05, r=-0.43). The success rate of the operation was significantly lower in
patient groups as the time from symptom onset increased (p<0.05). There were no complications.
Conclusion: Subcutaneous anterior transposition of the ulnar nerve is an effective and reliable surgi-
cal method with a low complication rate for the treatment of cubital tunnel syndrome.
Key words: Anterior transposition; cubital tunnel syndrome; neuropathy; ulnar nerve.

Ulnar nerve entrapment at the elbow, known as cubital
tunnel syndrome, is the second most frequent entrap-
ment neuropathy following carpal tunnel syndrome.[1-5]

Initially identified in 1878, the term ‘cubital tunnel
syndrome’ was first used in 1958.[6] Despite the pres-
ence of bone problems (osteophytes, post-fracture
cubitus valgus), soft tissue masses (ganglion, tumor),
posttraumatic strictures of fascial structures and sub-
luxation of the ulnar nerve on the medial epicondyle in
some patients, no certain etiology can be determined in

most of the cases and it is thus evaluated as idiopath-
ic.[3,7] In most cases, the ulnar nerve is compressed by
the Osborne’s ligament at the immediate distal end of
the medial epicondyle, between the fasciae of the
humeral and ulnar heads of the flexor carpi ulnaris
muscle. 

Numbness in the ulnar nerve distribution is the most
common finding in patients with cubital tunnel syn-
drome. Patients often report pain at the medial aspect of
the elbow which radiates into the proximal forearm and
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behind the medial epicondyle, as well as weakness of
intrinsic muscles and grip strength. In severe and pro-
longed instances, significant atrophy of the intrinsic
musculature, especially the first dorsal interosseous
muscle, may also occur.[7] The initial treatment of acute
and subacute entrapment neuropathy is conservative.
Rest and avoidance of elbow flexion and pressure on the
nerve are usually sufficient; however, brace immobiliza-
tion can be useful if symptoms persist. Surgical decom-
pression of the ulnar nerve is indicated when nonopera-
tive methods fail to relieve these symptoms and neu-
rosensory and motor tests document progressive ulnar
nerve dysfunction or a degree of nerve compression
resulting in axonal loss.[1,8] Surgical treatment options are
simple decompression (open or endoscopic), medial epi-
condylectomy with simple decompression, and anterior
transposition (subcutaneous, intramuscular, submuscu-
lar). However, the selection of a surgical technique
remains controversial. Subcutaneous anterior transposi-
tion of the ulnar nerve is a common surgical treatment
with a relatively simple technique and high success and
low complication rates.[1,5] 

In this study, we retrospectively reviewed mid- and
long-term results of patients with cubital tunnel syn-
drome who underwent subcutaneous anterior transpo-
sition of the ulnar nerve.

Patients and methods
Forty-six consecutive patients with cubital tunnel syn-
drome who underwent subcutaneous anterior transpo-
sition of the ulnar nerve were evaluated retrospective-
ly. Nine patients with concomitant cervical radiculopa-
thy, carpal tunnel syndrome, alcohol abuse, hypothy-
roidism, or chronic renal failure were excluded and
four patients were lost to follow-up. The study includ-
ed 33 patients (24 males, 9 females; mean age: 48 years;
range: 26 to 59 years). The right side was involved in
21 patients and the left in 12. All operations were per-
formed by a single surgeon. 

The clinical diagnosis of cubital tunnel syndrome
was based on history and physical examination findings
and confirmed with electrodiagnostic test results.
Sensory loss and numbness in the ulnar nerve distribu-

tion of the hand, especially the ulnar half of the ring
finger and little finger, medial elbow pain, loss of fine
motor skills, weakness of intrinsic muscles of the hand
and grip strength, in particular atrophy of the first dor-
sal interosseous muscle, a positive Tinel’s sign at the
elbow, a positive elbow flexion test, and two-point dis-
crimination were taken into consideration.

Electrodiagnostic tests included nerve conduction
studies and needle EMG. A motor conduction velocity
(MCV) of less than 47 m/s and a sensory conduction
velocity (SCV) of less than 54 m/s were accepted as
abnormal. Pathological findings on EMG included fib-
rillation activity, decreased recruitment, and abnor-
malities in the configuration of the motor unit action
potential.[9]

All patients had conservative treatment for a mini-
mum of 3 months before surgery. The mean period
from the onset of symptoms to surgery was 11 (range:
6 to 36) months. Elbow radiographs were performed to
rule out additional bone pathologies. Etiology was
idiopathic in all patients with the exception of two in
whom cubital tunnel syndrome was secondary to for-
mer trauma (cubitus valgus deformity due to a lateral
condyle pseudarthrosis of the humerus and a crush
injury of the elbow). The patient with the crush injury
previously underwent two surgeries and ulnar nerve
decompression without transposition.

Patients were classified into four grades according
to the modified McGowan classification (Table 1).[10]

Preoperatively, the mean value of MCV at the elbow
segment was 35±9 m/s. The MCV at the forearm were
within normal limits. EMG results were abnormal in
20 patients.

Three of the patients were operated under axillary
block anesthesia, 12 under regional intravenous anesthe-
sia and 18 under general anesthesia, all with pneumatic
tourniquet hemostasis. Careful dissection was carried
out to protect the medial antebrachial cutaneous nerve
and the vascular structures of the ulnar nerve while
releasing and transposing the nerve (Fig. 1). The medial
intermuscular septum was resected in all patients. The
nerve was lifted from its bed and transposed anterior to
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Grade Description No. of patients 

1 Patients with subjective sensory symptoms, but without objective findings 5

2A Patients with good intrinsic strength (4/5), without intrinsic atrophy 7

2B Patients with fair intrinsic strength (3/5), with intrinsic atrophy 9

3 Patients with marked intrinsic atrophy and sensory disturbance 12

Table 1. Modified McGowan classification[10] for preoperative grading of ulnar neuropathy at the elbow.
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the medial epicondyle. A sling of subcutaneous tissue
sutured to the fascia over the medial epicondyle was cre-
ated to prevent the nerve from returning to its groove
(Fig. 2). Apparent scarring of the nerve and adherence to
surrounding tissues was observed in the patient with the
crush injury. No subluxation of the ulnar nerve was pres-
ent in any patient. The elbow was not immobilized post-
operatively and immediate active range of motion exer-
cises were encouraged to allow excursion of the ulnar
nerve and prevent fibrosis in the surgical bed. No com-
plications were observed. 

Results were evaluated with the modified Wilson &
Krout criteria (Table 2).[11] Spearman and chi-square
tests were used in the statistical evaluation of the data.
P values of less than 0.05 were considered statistically
significant.

Results
The postoperative mean follow-up was 4 years 9
months (range: 2 years 6 months to 8 years). There
were no early or late complications or recurrences. 

Symptomatic improvement was obtained in all
patients except one. Results based on the Wilson &

Krout classification were excellent in 24 patients
(73%), good in 7 (21%), fair in 1 (3%), and poor in 1
(3%) (Table 3). Only 2 (6%) of the patients had fair
and poor results and both had a postoperative modified
McGowan score of Grade 3. The patient with the poor
result was the one who had undergone two previous
surgeries due to neuropathy developed after a crush
injury.

There was a negative correlation between the pre-
operative McGowan grade and the postoperative
Wilson & Krout score (p<0.05, r=-0.43) (Table 3). The
success rate of the operation was significantly lower in
patient groups as the time from symptom onset
increased (p<0.05) (Table 4).

Discussion
Ulnar nerve entrapment at the elbow, the cubital tun-
nel syndrome, is increasingly recognized as a source of
upper-extremity sensory and motor symptoms. The
treatment for nerve compression is the decompression
of the nerve. No consensus exists in the literature
regarding the optimal surgical treatment for cubital
tunnel syndrome.[7,12-15] Surgical treatment options

Fig. 1. Release and anterior transposition of the ulnar nerve. [Color
figure can be viewed in the online issue, which is available at
www.aott.org.tr]

Fig. 2. Subcutaneous tissue is sutured to the medial epicondyle to
prevent the nerve from returning to its groove. [Color figure
can be viewed in the online issue, which is available at
www.aott.org.tr]

Grade Description

Excellent Minimal motor and sensory changes and no tenderness at the incision site 

Good Loss of symptoms but a regional sensitivity continued at intervals 

Fair Improved but persistent sensory or motor changes that are milder than the preoperative status 

Poor No improvement or worsened condition

Table 2. Modified Wilson & Krout criteria[11] for postoperative grading of ulnar neuropathy patients.



include open and endoscopic simple decompression,
decompression with medial epicondylectomy and ante-
rior transposition of the nerve (subcutaneous, intra-
muscular or submuscular).[1,5,13,15,16]

In simple decompression, all tissues constricting the
ulnar nerve, mainly the Osborne’s ligament, are
released; however, the nerve is not separated from its
bed in the bone tunnel. In medial epicondylectomy, in
addition to simple decompression, the bone tunnel is
expanded by removing a fragment of the bone from the
medial epicondyle and thus the compression on the
ulnar nerve is relieved. This procedure may result in
more complications than simple decompression.[17]

The extrinsic pressure on the nerve can be removed
through both of these methods, but the intraneural
pressure remains unchanged. The basic idea behind
ulnar nerve transposition is relieving the intraneural
intrinsic pressure which occurs with the traction of the
nerve during elbow flexion.[18] The ulnar nerve is sub-
ject to traction, friction and pressure with normal
elbow motion. The cubital tunnel narrows during
elbow flexion as Osborne’s ligament stretches and the
medial collateral ligament bulges beneath the nerve.[6,19]

The cross-sectional oval shape of the cubital tunnel
changes to a flattened ellipse during elbow flexion.[20]

As the elbow is flexed, the cubital tunnel volume
decreases by 55%, pressure within the tunnel increases
sevenfold and rises to more than twentyfold when con-
traction of the flexor carpi ulnaris muscle is added.[21]

With the elbow flexed 130 degrees, the intraneural

pressure is 45% greater than the extraneural pressure
within the tunnel and 63% greater than the extraneur-
al pressure 4 cm proximal to the tunnel.[22,23]

The ulnar nerve moves and stretches during elbow
movements. While normal excursion of the ulnar
nerve is 16 mm around the elbow, it increases to 22
mm with the combined motion of the wrist, fingers,
elbow, and shoulder.[24] The ulnar nerve elongates 4.7
mm with elbow flexion, increasing to 8 mm with
abduction and external rotation of the shoulder. An
average strain of 29% occurs with elbow flexion.[25]

Strain may be a factor associated with a tension neu-
ropathy, which in turn may lead to the development of
cubital tunnel syndrome.

We believe that cubital tunnel syndrome should be
handled as a traction neuropathy as well as a compres-
sion neuropathy. As in one of our cases, cubital tunnel
syndrome occurring secondary to cubitus valgus, that
is tardy ulnar nerve palsy, is a very good example for
this traction type of neuropathy. With this perspective,
it is obvious that simple decompression of the ulnar
nerve or decompression with medial epicondylectomy
will not provide complete and permanent relief, espe-
cially in severe cases. 

Anterior transposition of the ulnar nerve, which
relaxes the traction and strain on the nerve that leads to
increased intraneural pressure with elbow flexion, will
serve to treat the etiology. Simple decompression and
decompression with medial epicondylectomy reduces
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Wilson & Krout evaluation Preoperative McGowan grade Total

1 2A 2B 3

Excellent 5 6 7 6 24

Good 1 2 4 7

Fair 1 1

Poor 1 1

p=0.01, r=-0.43

Table 3. Statistical comparison of the clinical results according to the preoperative scorings of the patients.

Wilson & Krout evaluation Duration of the symptoms (months) Total

≤6 6 - 12 ≥12

Excellent 4 16 4 24

Good 1 6 7

Fair 1 1

Poor 1 1

p<0.05

Table 4. Statistical comparison of the clinical results according to the symptom duration.
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the extrinsic pressure on the nerve, but does not
change the traction effect. It is shown that simple
decompression does not prevent the traction forces
occurring on the nerve with elbow flexion.[26]

Moreover, statistically significant instability of the
ulnar nerve was found after simple decompression.[27,28]

Numerous comparison studies have been made to
investigate the most appropriate technique in the sur-
gical treatment of cubital tunnel syndrome and techni-
cal selection according to preoperative classification
and clinical findings. Most of these studies used the
classification system defined by McGowan[29] in 1950
which is based predominantly on the loss of motor
function and does not include sensory changes.
However, the majority of patients have mainly sensory
complaints and motor function impairment occurs in
advanced phases. McGowan’s classification system was
modified by Goldberg et al.[10] in 1989 and included
sensory deficits as well as motor function impairment.

Although a literature review on the surgical treat-
ment of cubital tunnel syndrome does not show a sin-
gle procedure to be superior, there usually is a bias on
patient selection. The use of the old version of the
McGowan’s classification system may also be mislead-
ing. While patients with mild to moderate symptoms
with a short duration usually undergo simple decom-
pression, patients with severe symptoms with a long
duration usually undergo anterior transposition, with
favorable results in both groups. In our series, the suc-
cess of the operation in patients who had symptoms of
a duration of less than 6 months was statistically high-
er than the others (p<0.05), which implies that the
longer the onset of symptoms, the less the success of
surgery (Table 4). Dellon[27] reported that patients with
minimal nerve compression obtained excellent results
with any surgical procedure. Simple decompression,
however, was rarely successful in patients with moder-
ate compression. The efficiency of in situ decompres-
sion and partial epicondylectomy were reported to be
similar while anterior subcutaneous transposition
lacked the efficiency of the other two methods.[7]

However, the authors also stated that unequal distribu-
tion of the patients according to preoperative grading
scale limited the solidity of their results, and anterior
subcutaneous transposition proved to have comparable
outcomes to partial epicondylectomy in severe cases. In
a study by Hahn et al.,[13] in which the groups had a
similar duration of symptoms, the clinical results of the
ulnar nerve decompression with minimal medial epi-
condylectomy and anterior subcutaneous transposition
of the ulnar nerve were similar in spite of the preoper-

ative Dellon’s grade at the final follow-up. However,
they stated that there were statistical differences
between the two groups in terms of the incision length
and procedure-related morbidities in favor of the epi-
condylectomy group. 

Mandelli and Baiguini[30] defined an algorithm
based on biological properties (nerve morphology and
amount of scar tissue around medial epicondyle), pre-
operative McGowan grade, and clinical parameters for
the surgical treatment of cubital tunnel syndrome and
attempted to define the most appropriate surgical tech-
nique for every patient. They treated 44 patients clas-
sified according to this algorithm with modified simple
decompression, subcutaneous, and submuscular trans-
position and obtained successful results. The algorithm
seems to be useful, although the number of patients
was insufficient to draw a conclusion and the above-
mentioned disadvantages of simple decompression
could not be eliminated even in mild cases. 

Subcutaneous anterior transposition of the ulnar
nerve is frequently performed as it is a simple proce-
dure with a high success rate and very few complica-
tions. Morbidity due to subcutaneous transposition is
clearly less when compared to submuscular or intra-
muscular procedures.[8] In a comparative study of sub-
muscular and subcutaneous transposition of the ulnar
nerve for cubital tunnel syndrome, sensory and motor
recovery for patients with McGowan grades 2 and 3
were similar following submuscular and subcutaneous
transposition techniques.[18] Furthermore, no immobi-
lization is necessary after anterior subcutaneous trans-
position as no muscle or bone intervention is carried
out. We did not use postoperative immobilization
because early mobilization of the elbow permits early
gliding of the ulnar nerve, which prevents the per-
ineural fibrosis that occurs if mobilization is delayed to
the second or third postoperative week.[8] It is shown
that early mobilization also reduces the return-to-work
period.[31]

Complications such as deterioration in ulnar nerve
functions and painful neuroma development have been
reported after anterior subcutaneous transposition.[13]

Cubital tunnel surgery has an average 20% overall rate
of failure, with up to 35% of patients having residual
symptoms at the surgical site after surgery.[32] Failed
surgery can be attributed to inadequate decompres-
sion, creation of iatrogenic compression, iatrogenic
nerve injury, scar formation, kinking of the ulnar nerve
or nerve subluxation. Iatrogenic compression can
occur at the medial intermuscular septum with anteri-
or transposition as a result of inadequate proximal and



distal mobilization of the nerve, as well as kinking of
the nerve over an unreleased septum.[33] The medial
intermuscular septum should be resected in all patients
so that it does not become a proximal site of compres-
sion after anterior transposition.[5,33] Cutaneous neuro-
mas are a common cause of continued pain after cubital
tunnel surgery. The medial antebrachial cutaneous
nerve may be injured or transacted during exposure of
the ulnar nerve. Careful dissection at the time of the
original surgery is key to preventing nerve injury. The
deterioration in ulnar nerve functions is probably due
to devascularization of the nerve.[33] We did not observe
any of these complications in our patients. None of the
patients developed ulnar nerve paralysis, subluxation,
or flexion contracture of the elbow. Incisions should be
in front of the medial epicondyle in order to protect
medial antebrachial cutaneous nerve.[12]

We observed that the mid- and long-term results
were excellent and good in patients who underwent
subcutaneous anterior transposition of the ulnar nerve.
No ulnar nerve paralysis developed and none of the
patients showed deterioration of the ulnar nerve func-
tions when compared to the preoperative period. Of
the 33 patients, 31 had excellent and good results
(94%), 1 had fair (3%), and one had poor result (3%).
The patient with the poor result had a crush injury of
the elbow and underwent simple decompression of the
ulnar nerve twice and had scarring of the nerve, imply-
ing an intrinsic damage of the nerve. Caputo and
Watson[34] reported 75% good to excellent results with
secondary subcutaneous anterior transposition.
Although these results are less favorable than those for
the primary procedure, submuscular or subcutaneous
anterior transposition provides most patients at least
partial pain relief. This did not happen in our patient,
perhaps because it was not a revision surgery after an
idiopathic entrapment in which entrapment of the
ulnar nerve, not scarring, would be expected.

In conclusion, the relatively poor results of anterior
subcutaneous transposition in some studies can be
attributed to the fact that this procedure is particularly
preferred in chronic patients with a long duration and
advanced disease with probable intrinsic nerve damage.
Subcutaneous transposition of the ulnar nerve for the
surgical treatment of cubital tunnel syndrome is a reli-
able and easy method with a low complication rate and
should be preferred for its mechanical advantage in
solving the nerve traction problem.
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