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IntroductIon

Ulnar nerve entrapment at the elbow, generally defined 
as cubital tunnel syndrome, represents the second most 
common compression neuropathy of the upper extremity.[1‑3] 
Etiology varies from either static factors due to bony and 
soft‑tissue disorders (including osteoarthritis, cubitus 
valgus, ganglion, tumor, facial strictures, or accessory 
muscle) or dynamic components, such as minor repetitive 
injury secondary to increasing pressure within the cubital 
canal during elbow flexion or subluxation of the ulnar 
nerve.[2,4‑6]

Presenting symptoms range from numbness and tingling 
in the ulnar nerve distribution, often accompanied by 
weakness of the grip, to clawed fingers and occasionally 
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severe intrinsic wasting.[3] If adequate conservative 
nonsurgical treatment fails to relieve progressive symptoms 
and dysfunction, surgical decompression is indicated, 
typically involving either superficial approaches (in situ 
decompression and anterior subcutaneous transposition) 
or deep approaches (medial epicondylectomy or anterior 
sub‑ or intramuscular transposition).[7‑13]

Elbow stiffness, another well‑known disabling disorder, 
brings huge challenges to elbow specialists.[14,15] It has 
been reported that elbow stiffness may occur in 5–10% 
of cases after use of deep approaches.[16‑19] However, 
there have been few studies that have reviewed whether 
elbow stiffness develops after a superficial approach, 
i.e., anterior subcutaneous transposition. In this study, we 
retrospectively reviewed long‑term alterations in elbow 
range of motion (ROM) and functional outcomes of patients 
who underwent anterior subcutaneous transposition of the 
ulnar nerve for cubital tunnel syndrome.

Methods

Ethical approval
The study protocol was approved by the Hospital Ethics 
Committee of Beijing Jishuitan Hospital and informed 
consent was obtained from all patients before their enrolment 
at the final follow‑up.

Patients
A total of 134 consecutive patients with unilateral cubital 
tunnel syndrome who underwent anterior subcutaneous 
transposition of the ulnar nerve between 2001 and 2005 were 
retrospectively evaluated. At the final follow‑up, six patients 
were excluded for the following reasons: concomitant cervical 
radiculopathy, carpal tunnel syndrome, elbow surgery for 
fractures, uncontrolled thyroid abnormalities, diabetes, or 
chronic renal failure. Four patients died from comorbidities 
and nine patients were lost to follow‑up. This resulted 
in 115 patients who qualified for analysis: 78 males and 
37 females with a mean age of 46.6 years (range: 12–72 years). 
Of these, 40 patients had previous elbow trauma or surgery, 
including elbow dislocation, radial head fracture, olecranon 
fracture, Monteggia fracture, distal humeral fracture, and 
unknown injuries treated either by nonoperative or open 
reduction internal fixation at least one year before, without 
obvious infection, elbow deformity, instability, or remaining 
stiffness. The dominant side was involved in 65 patients. 
The mean elbow ROM variables (measured by flexion arc, 
flexion, and extension) were 139.4°, 142.9°, and −4.0°, 
respectively. All patients had conservative treatment for at 
least 6 weeks before surgery. The mean preoperative duration 
of symptoms to surgical consultation was 23.8 months (range: 
1.5–240.0 months). All operations were performed by 
the same surgical team. All patients were reviewed by an 
independent observer at an average of 13.5 years (range: 
12–16 years) postoperatively [Table 1].

The precise clinical diagnosis of cubital tunnel syndrome 
was based on a thorough history, imperative physical 

examination including inspection of the clawed posture 
of the hand, sensory evaluation of the ulnar innervation, 
two‑point discrimination, motor function by grading of 
intrinsic muscle power, check for a positive Tinel’s sign, 
an elbow flexion test, and Froment’s sign, sequentially 
confirmed through electromyography (EMG) and nerve 
conduction studies. Findings were considered to be 
positive for diagnosis by abnormally prolonged motor 
conduction velocity and sensory conduction velocity, 
often accompanied with pathological findings on EMG, 
including fibrillation activity, decreased recruitment, and 
abnormalities in the configuration of the motor unit action 
potential.[20] Recently, short‑segment nerve conduction 
studies (the inching test) have been shown to detect lesions 
of compressive neuropathy more precisely and may predict 
prognosis to a certain extent.[21]

All preoperative electrodiagnostic test data were 
collected; however, no patients consented to re‑examine 
the invasive electrodiagnostic test at the final follow‑up. 
Radiographs of the elbow and the cervical spine were 
evaluated to rule out additional pathology, especially 
obvious heterotopic ossification, osteoarthritis, and 
internal fixation failure for those having previous elbow 
surgical history. Further laboratory tests were evaluated 
for those suffering systemic disorders and in consideration 
of postoperative infections. Patients were classified 
into four grades according to the modified McGowan 
system [Figure 1].[22,23] Results at the final follow‑up 
were also graded according to the modified Wilson–Krout 
criteria [Figure 2].[24]

Table 1: Patient demographics and clinical 
characteristics

Variables Data (n = 115)
Gender, n (%)

Male 78 (67.8)
Female 37 (32.2)

Age (years), mean (range) 46.6 (12–72)
Surgery on the dominant side, n (%) 65 (56.5)
T/S history, n 40

Nonsurgical, by plaster/splint 23
Elbow dislocation 12
Radial head fracture 5
Unknown 6

ORIF 17
Olecranon fracture 8
Distal humeral fracture 5
Monteggia fracture 3
Radial head fracture 1

Elbow ROM (°), mean (range)
Flexion arc 139.5 (105.0–145.0)
Flexion 143.1 (120.0–145.0)
Extension −3.7 (−30.0–0)

Duration of symptoms (months), mean (range) 23.8 (1.5–240.0)
Follow‑up time (years), mean (range) 13.5 (12–16)
T/S: Trauma or surgical; ORIF: Open reduction internal fixation; 
ROM: Range of motion.
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Surgical technique
All patients had a brachial plexus block with pneumatic 
tourniquet hemostasis during the procedure. This procedure 
is simpler to perform than deep transpositions, and it 
is warranted to ensure thorough release; all possible 
constriction sites must be double checked with careful 
dissection to protect the vascular bundles of the ulnar 
nerve and to preserve the motor branches to the flexor 
carpi ulnaris and flexor digitorum profundus [Figure 3]. 
A fasciodermal sling sutured over the medial epicondyle 
was created to hold the ulnar nerve in position [Figure 4]. 
Adherence and scarring of the surrounding tissues was 
observed in patients with internal fixation, especially 
through a medial surgical approach of the elbow. The elbow 
was allowed immediate ROM exercises postoperatively. 
No complications occurred.

Statistical analysis
Statistical analyses were performed using the SPSS 
version 24.0 statistical package (IBM Corp., Armonk, 
NY, USA). The preoperative and final follow‑up elbow 
ROMs as continuous variables were compared through a 
mixed analysis of variance (ANOVA) between patients 
with and without trauma/surgical history, adjusting for 

Figure 1: Preoperative modified McGowan grading of patients.

Figure 3: Thorough release of ulnar nerve.

age, thus evaluating the within‑subjects effect of anterior 
subcutaneous transposition of the ulnar nerve and the 
between‑subjects effect of trauma/surgical history on elbow 
ROMs. Subsequently, ordinal logistic regression analysis, an 
adequate model for ordinal categorical outcome variables, 
was performed to evaluate the association of postoperative 
modified Wilson–Krout criteria with preoperative variables 
including age, gender, duration of symptoms, trauma/surgical 
history, preoperative elbow ROMs, and modified McGowan 
grade, which were expressed as adjusted proportional odds 
ratios (ORs) with 95% confidence intervals (CIs). In the 
mixed ANOVA and ordinal logistic regression analysis, 
all the variables were chosen based on clinical judgment. 
Statistical significance was accepted for P < 0.05.

results

Postoperatively, 66 patients (57.4%) had excellent results, 
26 (22.6%) had good results, 16 (13.9%) had fair results, 
and 7 (6.1%) had poor results at the final follow‑up, as per 
the Wilson–Krout criteria [Figure 2].

The mean elbow ROMs and the differences between 
patients with and without trauma/surgical history pre‑ and 
postoperatively are shown in Table 2, and the variation 
directly displayed in profile plots [Figure 5].

Figure 2: Postoperative modified Wilson–Krout grading of patients.

Figure 4: Subcutaneous transposition of ulnar nerve held by 
fasciodermal sling in position.
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The mixed ANOVA adjusted for age showed that there 
was a significant difference in the between‑subject effect 
of trauma/surgical history on ROMs (P < 0.05). However, 
there was no significant difference in the within‑subject 
effect of the anterior subcutaneous transposition of the 
ulnar nerve in ROMs (P > 0.05) [Table 2].

After adjusting for age, gender, trauma/surgical history, 
and preoperative elbow ROMs, the results of the ordinal 
logistic regression analyses showed an association 

between preoperative variables and postoperative modified 
Wilson–Krout criteria [Table 3].

There was no significant association between postoperative 
modified Wilson–Krout criteria and age (OR = 0.992, 
P = 0.395), gender (OR = 0.841, P = 0.531), trauma/surgical 
history (OR = 1.066, P = 0.834), or preoperative elbow 
ROMs (OR = 0.983, P = 0.350).

Patients with prolonged duration of symptoms prior to surgery 
were significantly associated with worse postoperative 

Figure 5: Profile plots of elbow ROMs (flexion, extension, and flexion arc) showing the pre‑ and postoperative differences between patients with 
and without trauma/surgical history. *P < 0.05, elbow ROMs significantly different between patients. †P > 0.05, elbow ROMs not significantly 
different within patients. ROMs: Range of motions.

Table 2: Mixed ANOVA results for ROM measurements, adjusted for age, mean ± SD (°)

Elbow ROM variables T/S history P

With Without Within subjects Between subjects
Flexion arc

Preoperative 131.6 ± 11.3 143.7 ± 3.8 0.095 <0.001*
Postoperative 129.9 ± 13.6 143.3 ± 4.8

Flexion
Preoperative 141.1 ± 5.8 144.2 ± 2.7 0.410 <0.001*
Postoperative 140.5 ± 6.7 144.1 ± 2.9

Extension
Preoperative −9.5 ± 9.6 −0.5 ± 2.3 0.113 <0.001*
Postoperative −10.6 ± 11.4 −0.8 ± 3.2

*P<0.05 considered statistically significant. ANOVA: Analysis of variance; ROM: Range of motion; T/S: Trauma or surgical; SD: Standard deviation.

Table 3: Results of ordinal logistic regression analyses showing association between preoperative variables and 
postoperative modified Wilson–Krout criteria

Variables B SE Wald OR (95% CI) P
Age −0.008 0.10 0.724 0.992 (0.972–1.011) 0.395
Gender −0.173 0.275 0.393 0.841 (0.491–1.443) 0.531
Trauma/surgical history −0.064 0.306 0.044 1.066 (0.586–1.940) 0.834
Preoperative elbow ROM −0.017 0.019 0.873 0.983 (0.947–1.019) 0.350
Preoperative duration of symptoms 0.015 0.005 10.050 1.015 (1.006–1.024) 0.002*
Modified McGowan grade

1 −2.744 0.763 12.949 0.064 (0.014–0.287) <0.001*
2A −1.550 0.445 12.123 0.212 (0.089–0.508) <0.001*
2B −0.786 0.392 4.026 0.456 (0.211–0.982) 0.045*
3 0

Link function: Complementary log‑log. Model fitting information P < 0.001. Pseudo R2 ≥ 0.889. Test of parallel lines P = 1.000. *P < 0.05 considered 
statistically significant. B: Standardized coefficients; SE: Standard error; Wald: Wald Chi‑square test; OR: Odds ratio; CI: Confidence interval; 
ROM: Range of motion.
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modified Wilson–Krout criteria results, adjusting for age, 
gender, trauma/surgical history, and preoperative elbow 
ROMs (OR = 1.015, P = 0.002).

Compared with patients with modified McGowan Grade 3, 
the odds of having at a modified Wilson–Krout criteria result 
at least one grade better were 0.064 times larger for patients 
evaluated as modified McGowan Grade 1 (P < 0.001), 
0.212 times larger for Grade 2A (P < 0.001), and 0.456 times 
larger for Grade 2B (P = 0.045) [Figure 6].

dIscussIon

It is well known that ulnar nerve entrapment at the elbow, 
known as cubital tunnel syndrome, has been identified 
as a frequently disabling upper‑extremity sensory and 
motor disorder. The ulnar nerve may be compressed at 
five anatomical sites proximally to distally: at the arcade 
of Struthers, the medial intermuscular septum, epicondylar 
groove, Osborne’s ligament (the roof of the actual boundary 
of the cubital tunnel), and flexor‑pronator aponeurosis; the 
epicondylar groove and Osborne’s ligament are the most 
frequent areas.[2,25] The effective surgical treatment for nerve 
entrapment is timely decompression, involving several 
controversial approaches typically involving one of the 
following: in situ decompression (open or endoscopic), medial 
epicondylectomy, or anterior transposition (subcutaneous, 
submuscular, or intramuscular).[7‑13] None of these are 
considered superior to the others. According to current 
clinical evidence, there is no significant difference between 
simple decompression of the nerve and decompression with 
either subcutaneous or deep transposition.[17,18,26‑30]

The cubital tunnel has been shown to normally change its 
shape from ovoid to elliptic during the process of elbow 
flexing, thus decreasing its volume by 55% and increasing 
the pressure inside and outside the ulnar nerve within the 
cubital tunnel.[31‑34] The ulnar nerve was found to elongate 
between 4 mm and 7 mm upon flexion of the elbow due to 
the nerve’s curving located away from elbow’s center of 
rotation. Therefore, traction on the ulnar nerve during elbow 

flexion makes it more vulnerable to entrapment.[35] The 
extraneural pressure on the nerve may be eliminated by either 
simple decompression or anterior transposition, whereas 
the intraneural pressure remains unchanged, reaching 45% 
greater than the extraneural pressure inside the tunnel and 
63% greater than the extraneural pressure at 4 cm proximal 
to the tunnel with the elbow flexed at 130°.[4,5,36] Furthermore, 
the ulnar nerve also suffers from strain, which pressure‑relief 
in situ cannot alter. On the contrary, anterior transposition 
may relieve strain with elbow flexion while increasing no 
extra strain with elbow extension.[37] Therefore, there seems 
to be a tendency toward improved clinical outcomes with 
nerve transposition compared with simple decompression, 
due to cubital tunnel syndrome being successfully managed 
as both a compression and a traction neuropathy.[26,38]

Elbow stiffness is another well‑recognized disabling 
condition impairing upper‑limb function, with occurrence 
in nearly 12% of patients after mild trauma, minor surgery, 
delayed rehabilitation, or prolonged immobilization.[14,15,39] 
Elbow stiffness as a sequel should be considered when 
performing any minor surgery of the elbow, which is 
likely attributable to mast cell degranulation stimulated by 
neuropeptide substance‑P and calcitonin‑G‑related peptide 
released from nerve terminals in response to injury and pain, 
thus stimulating myofibroblasts causing collagen contraction 
in the joint capsule.[40‑43] There have been reports in the 
literature of stiffness occurring in 5–10% of cases after 
surgical decompression of the ulnar nerve due to damage of 
the collateral ulnar ligament, excessive fibrosis formation in 
the soft tissue, or prolonged postoperative immobilization 
after medial epicondylectomy or deep transposition.[16‑19] In 
contrast, the anterior subcutaneous approach is recognized 
to be the most minimally invasive method among these 
procedures, without damage to the bony structures, deep 
muscular components, or the collateral ulnar ligament, with 
the same functional outcome and without postoperative 
immobilization.[44]

In this long‑term study, we found that the pre‑ and 
postoperative elbow ROMs were more significantly 
decreased in patients with previous trauma or surgery 
compared with those without such history [between‑subject 
effect, P < 0.05, Table 2]. As mentioned, any trauma or 
surgery that damaged the bony structure along with soft 
tissue may result in articular incongruity, damage of the 
collateral ulnar ligament, or excessive fibrosis formation. All 
of these conditions contribute to limited motion of the elbow 
joint. However, no patients had flexion <130° or limitation 
of extension of >30°; therefore, none had an indication for 
open release through the medial approach either.[45,46]

In addition, surgery of the anterior subcutaneous transposition 
of the ulnar nerve did not significantly affect elbow ROMs 
regardless of previous trauma or surgery or preoperative 
ROM status [within‑subject effect, P > 0.05, Table 2], which 
seems to be common sense, but has rarely been discussed 
in literature. Even patients with past trauma or surgery who 
were truly susceptible to elbow stiffness did not have a 

Figure 6: Correlation between modified McGowan grade and modified 
Wilson–Krout criteria. OR: Odds ratio; CI: Confidence interval.
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significant decrease in ROM [within‑subject effect, P > 0.05, 
Table 2].

We are also concerned with another challenging scenario, 
the surgical management of elbow stiffness. If ulnar nerve 
symptoms are present prior to operative release, nerve 
decompression is performed simultaneously, especially 
when flexion contractures are more than 100°. Due to the 
contracture of Osborne’s ligament and the posterior band 
of the medial collateral ligament (which increases in length 
by 9 mm between 60° and 120° of flexion), a stretch injury 
of the nerve could be generated that would exacerbate 
ulnar nerve symptoms with gains in flexion.[15,45,47,48] If 
there is nerve instability, it is usually anterior subcutaneous 
transposition rather than deep transposition, which may 
impair the outcome of the surgical release or increase the 
recurrence of stiffness.[43]

Furthermore, in this long‑term study, we found that patients 
with a prolonged duration of presurgical symptoms and a poor 
modified McGowan grade tended to have less satisfactory 
functional outcomes as per the modified Wilson–Krout 
criteria [P < 0.05, Table 3]. From data regarding preoperative 
modified McGowan grades, 64% of patients had a grade 
more severe than Grade 2B [Figure 1], which was mainly 
attributed to patients in our Jishuitan Hospital, one of the 
most established orthopedic hospitals in China, were often 
in advanced stages of the disease after traveling around 
the country seeking a medical consultation. Moreover, the 
relatively poor results of anterior subcutaneous transposition 
reported in some of the literature could be ascribed to the 
preference for this relatively less invasive approach for 
chronic patients with a prolonged duration of symptom and 
advanced stages with irreversible intrinsic nerve damage, 
resulting in a misleading selection bias.[38]

There are several inadequacies associated with our 
method. The follow‑up times ought to be more frequent. 
More functional scores should be measured pre‑ and 
postoperatively to increase statistical accuracy. In addition, 
further EMG and kinematic data should be collected in 
high‑level designed studies.

In conclusion, anterior subcutaneous transposition of the 
ulnar nerve is an effective and reliable approach using a 
simplified surgical technique, with low complication rates, 
early postoperative mobilization, minimal effect on elbow 
ROM, and satisfactory functional outcomes for the treatment 
of cubital tunnel syndrome. The procedure is especially 
suitable for patients susceptible to elbow stiffness when 
suffering cubital tunnel syndrome. Further prospective, 
randomized studies regarding the correlation between 
different ulnar nerve decompression and transposition 
approaches and elbow stiffness might add a higher level of 
evidence to this finding and enhance our comprehension of 
elbow disorders.
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