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Summary Background: Submuscular transposition (SMT) of the ulnar nerve is frequently per- 
formed as secondary procedure in patients with persistent or recurrent cubital tunnel syndrome 
(CuTS) despite previous surgery. Good results have been reported for this surgical strategy, but 
mainly in small retrospective case series. The goal of the present study is therefore to analyze 
the results prospectively using a patient-reported outcome measure (PROM): patient-rated ul- 
nar nerve evaluation (PRUNE). 
Methods: SMT of the ulnar nerve was performed in 30 consecutive patients who were referred 
because of persistent or recurrent CuTS despite previous surgery. Objective outcome was mea- 
sured in the outpatient clinic using the Likert scale. The PRUNE questionnaire was obtained 
pre-operatively, 6 weeks, 3 months, 6 months, and 12 months after the surgery. Simultane- 
ously, 20 patients with primary surgery for CuTS, that underwent simple decompression, were 
followed. 
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Results: Good outcome (Likert 1 or 2) was obtained in 67% after SMT for persistent/recurrent 
CuTS and 85% after decompression as primary surgical treatment. PRUNE scores were signif- 
icantly decreased in both groups at all follow-up moments after surgery compared with pre- 
operative for the total questionnaire and subscales ”pain,” “sensory/motor symptoms,” and 
“specific activities.”
In both groups, PRUNE score remained stable until 12 months of follow-up. 
Conclusion: This prospective study confirms previous results from retrospective studies show- 
ing that SMT is an effective surgical option for persistent or recurrent CuTS. Prospective (ran- 
domized controlled) trials are needed to compare the effectiveness of SMT to the surgical 
alternative of subcutaneous transposition of the ulnar nerve. 
© 2022 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Pub- 
lished by Elsevier Ltd. This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ ) 
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ntroduction 

ubital tunnel syndrome (CuTS) is the second most common 
ntrapment neuropathy in the upper extremity after carpal 
unnel syndrome. 1 Several surgical treatments for CuTS are 
vailable, including decompression or neurolysis and either 
ubcutaneous transposition (SCT) or submuscular transposi- 
ion (SMT). 2 Although surgery may be sufficient in the ma- 
ority of patients, recurrence rates following cubital tunnel 
urgery range from 7% to 25%. 3 In these cases, either an 
CT or SMT can be performed. Both procedures have their 
wn advantages. 2 , 4 SCT is less invasive and has a shorter pe- 
iod of recovery, while in SMT, the nerve runs in a relatively 
traighter course and is partially protected by the overlying 
ransposed muscle. 
The literature is not conclusive regarding which tech- 

ique has better post-operative outcomes in revision 
urgery,. Studies reporting these outcomes are mostly ret- 
ospective with only one prospective case series, 5 include 
eterogeneous patient groups with varying types of primary 
urgical procedures, 5 , 6 a varying overall severity due to re- 
erral bias and different grading systems, and a lack of a 
ontrol groups. 4 To date, optimal management of failed pri- 
ary surgery remains controversial, thus making the prefer- 
nce and/or experience of the treating surgeon the decisive 
actor for the type of surgery. 
Therefore, we prospectively followed patients who re- 

eived SMT in persistent or recurrent CuTS as well as pa- 
ients with primary surgery receiving simple decompression 
SD), as a reference group. The aim is to obtain more insight 
nto the recovery of patients after different types of surgery 
sing both an objective outcome and subjective patient- 
eported outcome and to add to the limited knowledge on 
ffectiveness of revision surgery currently available in the 
iterature. 

aterial and methods 

tudy population 

ll CuTS patients referred to our center between May 2014 
nd March 2017 and who had undergone SMT or SD were eli- 
ible for inclusion. The CuTS diagnosis was determined as a 
linical diagnosis supported with a positive electromyogra- 
3261
hy (EMG) (a nerve conduction block at the elbow) and/or 
ltrasonography (US) findings (swelling of the nerve at the 
lbow, determined as a cross-sectional area ≥ 10 mm 

2 ). 
ymptoms consisted of pain, tingling, and/or progressive 
otor and/or sensory loss, and were classified as mild, 
oderate, or severe using the Dellon score (Appendix A), 
 modified version of the grading system described by Mc- 
owan in 1950. 7 , 8 Visits were planned until 3 months post- 
perative. Symptoms that were not relieved by the origi- 
al surgery were classified as “persistent,” while those that 
ecurred after original improvement were classified as “re- 
urrent.” Patients were eligible for revision surgery in case 
f recurrent/persisting symptoms and signs of compression 
n EMG or US after a minimum of 3 months. If EMG and
S were inconclusive, an magnetic resonance imaging (MRI) 
can was made. All surgeries were performed by the last 
uthor (GdR). 
The protocol was approved by the Ethical Medical Com- 

ittee (MEC-2014–479) and informed consent was obtained 
rom all participants before inclusion. 

urgical procedure 

MT was performed using the Z-lengthening technique, as 
escribed previously by Dellon and Coert. 9 Patients were 
ositioned in a supine position with a tourniquet. First, the 
erve was decompressed, with specific attention to poten- 
ial residual compression, compression by scar tissue, and 
otential (sub)luxation of the nerve. 
Second, muscle fibers were coagulated, a Z-lengthening 

ncision was made through the attachment of the flexor 
ronator mass to the medial epicondyle, 9 the nerve was 
ransposed, and the long end of the flexor pronator mass 
as attached to the remnant of the tendon on the medial 
picondyle. If one or more motor branches to the flexor 
arpi ulnaris muscle caused tethering after transposition, 
n intraneural dissection was performed. In addition, the 
eptum between the biceps and triceps was incised, resect- 
ng a v-shaped 2 cm segment up until the vessels at the 
ase of the septum. At the end of the procedure, it was 
nsured that there was no residual or novel compression of 
he nerve proximal, distal and at the site of transposition. If 
resent, medial antebrachial cutaneous nerve (MABCN) neu- 
omas were surgically excised, and subsequently, the proxi- 
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Table 1 Patient characteristics for both groups: patients who underwent primary SD group and patients who underwent SMT 
for persistent or recurrent CuTS. 

Patients Revision 
SMT(N = 30) 

Primary 
SD(N = 20) 

Mean age in years (SD) 54.1 (14.4) 57.4 (10.8) 
Men: women, N 18: 12 9: 11 
Affected side left: right, N 20: 10 11: 9 
Dominant side affected, N (%) 12 (40%) 5 (25%) 
Dellon score, N (%) Mild 11 (37%) 6 (30%) 

Moderate 2 (7%) 2 (10%) 
Severe 17 (57%) 12 (60%) 

Luxation, N (%) 8 (27%) 3 (15%) 
Confirmation of diagnosis, N (%) Ultrasound 21 (70%) 12 (60%) 

EMG 30 (100%) 8 (40%) 
Both 21 (70%) 8 (40%) 

Persistent: recurrent, N 10: 20 
Median interval between prior surgery and 
revision in months (range) 

15 (3–366) 

One previous surgery: two previous surgeries, N 27: 3 
Type of (last performed) previous surgical 
technique, N (%) 

Decompression 24 (80%) 
SCT 6 (20%) 

SD: simple decompression; SCT: subcutaneous transposition; SMT: submuscular transposition. 
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al end of the MABCN was buried in the triceps muscle with- 
ut tension and secured with two or three nylon sutures to 
revent dislocation. 
Post-operative care consisted of 1 week of immobiliza- 

ion of the arm in 90 ° flexion. Subsequently, patients under- 
ent 2 weeks of passive mobilization in a sling, followed by 
 weeks of active mobilization without lifting objects weigh- 
ng more than 1 kg. 

SD was performed using the same procedure as described 
n the first part of the SMT. Only difference was that the 
rocedure was performed under local anesthesia, without 
ourniquet, in 80% of the patients. 

ata collection 

ll clinical data were prospectively collected. Outcomes in- 
luded the 5-point Likert score, ranging from 1 to 5 with 
 being “complete recovery” and 5 being “worsening of 
ymptoms” of which Likert score 1 or 2, complete and al- 
ost complete recovery, were considered as good outcome 
Appendix B). The Likert scale has been reported to have 
ood reliability 10 and was determined by the surgeon in 
he outpatient clinic 6 weeks after surgery for the recov- 
ry of pain symptoms. Motor and sensory functions were 
ot systematically evaluated as this is not standard of care. 
ata on complications were collected until 8 weeks after 
urgery. 
The patient-reported outcome measure (PROM) included 

he validated and translated patient-rated ulnar nerve eval- 
ation (PRUNE) questionnaire 11 , 12 , focusing on ulnar nerve–
elated sensory/motor deficits and associated functional 
isability (Appendix C). This included 20 items with scores 
rom 0 to 10, with 0 being “no pain/no difficulty” and 10 
eing “worst pain/completely unable.” Patients received 
he questionnaires by mail at home pre-operatively and 6 
3262
eeks, 3 months, 6 months, and 12 months after surgery. 
RUNE scores were determined for the subscales 11 : Pain (six 
tems), sensory/motor symptoms (four items), specific ac- 
ivities (six items), and usual activities (four items), and the 
otal score: equally weighs the 10 symptom items and the 10 
unctional items by dividing the total by 2. 

tatistical analysis 

tatistical analysis was performed with IBM SPSS (25th ver- 
ion). Pearson’s correlation was used to determine whether 
here was a correlation between Dellon grade and pre- 
perative PRUNE score. A dependent t -test was used 
or analyzing difference in PRUNE scores pre- and post- 
peratively. The significance level was set at P = 0.05. An 
ndependent t -test was used to determine whether type of 
ymptoms (persistent versus recurrent) and type of surgery 
SD or SCT) before revision surgery influenced PRUNE out- 
omes pre- and post-operatively. 

esults 

atient characteristics 

etween May 2014 and March 2017, 30 consecutive patients 
ith recurrent or persistent CuTS and 20 consecutive pa- 
ients without previous surgery for CuTS received SMT and 
rimary decompression, respectively. Table 1 presents pa- 
ient characteristics. The median interval between prior 
urgery and revision surgery was 15 months (range 3 months–
4 years) in the SMT group, where two surgeries were per- 
ormed before 6 months (3 and 5 months) against common 
ractice due to continuous complaints and patient’s prefer- 
nce. Five patients (16.7%) had an interval of more than 
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Figure 1 Scores of the PRUNE questionnaire, pre-operatively and 6 weeks, 3 months, 6 months, and 1 year after surgery. All scores 
are given with the 95% CI. The number of patients at each time point was 28, 28, 26, 27, and 19 for SMT, and 20, 19, 16, 14, and 10 
for decompression. 
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 years (5, 9.5, 11, 11.5, and 24 years). Three patients 
ad two previous surgeries, including primary decompres- 
ion followed by SCT in all three cases. 

erioperative findings 

f three patients, perioperative data were missing. All 
ther patients had obvious pathology at the time of revi- 
ion surgery. Signs of residual compression of the ulnar nerve 
i.e. nerve hyperemia, incomplete release or compression 
t its new position) were found in 13 patients (43%). Dense 
car tissue around the nerve as cause for compression was 
bserved in 18 patients (60%). Both residual compression 
nd new compression caused by scar tissue were observed in 
even patients (23%). (Sub)luxation of the ulnar nerve was 
ound in four patients (13%). MABCN neuromas were found 
nd resected in patients (13%). 

ost-operative outcomes 

ood outcome (Likert score 1 or 2) was achieved in 20 out of 
0 patients (67%) and 17 out of 20 patients (85%) at 6 weeks 
fter SMT and decompression, respectively. 
3263
Response rates for the PRUNE in the SMT group were 
8/30 patients (93%) at 6 weeks (93%), 22 (73%) at 3 months, 
7 (90%) at 6 months, and 17 (57%) at 12 months after
urgery. In the decompression group, the response rates 
ere 18 (90%), 14 (70%), 13 (65%), and 10 (50%), respec- 
ively. Pre-operative PRUNE scores did not correlate with 
ellon score. No differences were found in gender, age 
t surgery, and Dellon score between responders and non- 
esponders. 
PRUNE scores were significantly lower at all follow- 

p moments after surgery compared with pre-operative 
cores in both groups (SMT P = 0.001–0.025; decompression 
 = 0.000–0.002). After both surgical procedures, PRUNE 
cores dropped at 6 weeks, then went up from 6 weeks to 
 months before stabilizing. Differences between follow-up 
oments were not significant. For three out of four sub- 
cales (pain, sensory/motor symptoms, and specific activi- 
ies), a similar trend was shown in which PRUNE scores did 
ot differ between follow-up moments, but were signifi- 
antly lower at all follow-up moments after surgery com- 
ared with pre-operative scores in both groups, except for 
pecific activities at 12 months of follow-up in the SMT group 
SMT, P = 0.000–0.019; decompression, P = 0.000–0.004 for 
ain; SMT, P = 0.000–0.011; decompression, P = 0.000–0.003 
or sensory–motor symptoms; SMT, P = 0.006–0.051; de- 
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Figure 2 Scores of the four separate PRUNE subscales, pre-operatively and 6 weeks, 3 months, 6 months, and 1 year after surgery. 
All scores are given with the 95% CI. The number of patients at each time point was 28, 28, 26, 27, and 19 for SMT, and 20, 19, 16, 
14, and 10 for decompression. 

c
t
i
p
P
d
q

i
r
o

P

T
o
w
t

d
o
o

F

F
t
w
t
r
f
a
T
U
y
i
u

ompression, P = 0.000–0.010 for specific activities). Other 
han the above-mentioned subscales, subscale usual activ- 
ties, remained the same during follow-up compared with 
re-operative scores (SMT, P = 0.152–1.000; decompression, 
 = 0.332–0.513). Figures 1 and 2 show PRUNE scores at 
ifferent time points during follow-up for the total PRUNE 
uestionnaire and the four separate subscales, respectively. 
Pre- and post-operative PRUNE scores were not different 

n subgroups regarding type of symptoms (persistent versus 
ecurrent; P-values = 0.107–0.785) and type of surgery (SD 

r SCT; P-values = 0.370–0.914) before revision surgery. 

ost-operative complications 

hree complications occurred after SMT: a direct post- 
perative hematoma, which required revision surgery, a 
ound infection treated with oral antibiotics, and a late in- 
ramuscular hematoma that was discovered with US imaging 
3264
uring follow-up. After primary decompression, instability 
f the ulnar nerve was found in one patient. The prevalence 
f complications is shown in Table 2 . 

ailure of improvement 

ailure of improvement was present in three out of 20 pa- 
ients (15%) who received SD and nine out of 30 patients 
ho received SMT (30%). Of the latter group, almost all pa- 
ients had persistent symptoms and only one patient had 
ecurrent symptoms before revision surgery. Of the nine 
ailures after SMT, seven and two patients had persistent 
nd recurrent symptoms after revision surgery, respectively. 
hree of nine patients had signs of residual compression on 
S imaging/MRI ( Figure 3 ) and received revision surgery 1 
ear after they received the SMT procedure. Notably, no 
ntra-operative findings of a secondary compression of the 
lnar were found under the transposed muscle. However, a 
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Table 2 Post-operative complications. 

Type of complication SMT(N = 30) Primary SD (N = 20) 

Wound infection 1 0 
Direct hematoma 1 0 
Late hematoma 1 0 
Instability of the ulnar nerve 0 1 
Pain following an MABCN neuroma 0 0 
Numbness in the ulnar distribution 0 0 
Weakening of the wrist flexion or pronation 0 0 

MABCN: medial antebrachial cutaneous nerve; n: number of patients; SD: simple decompression; SMT: submuscular transposition. 

Figure 3 MRI of the elbow shows thickening of the ulnar nerve (asterisk) after submuscular transposition, just proximal to the 
remnant of the distal intermuscular septum (indicated by the arrow). ME stands for medial epicondyle (of the elbow). 
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emnant of the distal intermuscular septum was found and 
emoved in all three patients after which two patients im- 
roved (Likert 1 and Likert 2) and one patient remained to 
ave numbness (no paresthesias), which worsened after re- 
ision surgery (Likert 5). One patient had normal conduction 
f the ulnar nerve across the elbow after SMT, despite un- 
hanged symptoms (Likert 4). In one patient, who had only 
lightly improved after SMT (Likert 3), residual complaints 
ere caused by radiculopathy of C7 which completely re- 
overed after an anterior discectomy. In one patient, who 
3265
ad persistent symptoms for over 20 years, extensive neu- 
olysis with a free muscle transfer of the gracilis was per- 
ormed as a last resort treatment to create a scar-free, 
raction-free, well-padded, and well-vascularized environ- 
ent (by J.H.C.) which led to a decrease in symptoms (Lik- 
rt 3). 13 One patient had a late complication of an intramus- 
ular hematoma detected with US 4 months after surgery. 
rainage did not improve symptoms. In the remaining two 
ailures, no other causes that could explain the residual 
ymptoms were detected. 
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In the primary decompression group, one of three pa- 
ients had improvement of EMG and US, and was therefore 
ot re-operated. One patient had developed a luxation of 
he ulnar nerve with flexion of elbow detected with dy- 
amic US imaging. SMT performed 8 months after the first 
urgery resulted in complete recovery. One patient, who 
ad worsening on EMG, was re-operated 4 months after the 
rst surgery. Intraoperatively, there was extensive scarring 
round the nerve. Subsequent SMT resulted in complete re- 
ief and also recovery of weakness. 

iscussion 

he results of this prospective study confirm the results 
rom our previous retrospective study in that SMT is an ef- 
ective option for the surgical treatment of persistent or re- 
urrent CuTS 4 . After decompression, PRUNE scores dropped 
ignificantly and remained the same up to 1 year after 
urgery. After SMT, scores for the PRUNE dropped signif- 
cantly, but slightly tend to increase again and stabilized 
fter 6 months. Possible explanation for the significant de- 
rease at 6 weeks, and the slight worsening between 6 
eeks and 6 months could be that patients were advised 
ot to lift heavy objects up to 6 weeks after SMT and that 
fterwards residual pain symptoms slightly intensified due 
o an increased load on the affected arm. Nevertheless, 
otal PRUNE scores at all follow-up moments were signif- 
cantly decreased compared with pre-operatively in both 
roups. 
Our mean improvement in PRUNE score after SMT was in 

ine with earlier studies in which PRUNE was determined in 
atients receiving either SMT or SCT. 14 , 15 The proportion of 
ecovery after revision surgery (Likert 1 and Likert 2) in the 
resent study was slightly higher (67%) compared with our 
revious study (62%) and other recent studies (57% 

16 and 
2% 

17 ), possibly explained by the homogenous patient group 
nd the limited amount of patients with more than one pre- 
ious surgery (10%) compared with our previous study (30%) 
nd other studies, performed in tertiary and quaternary 
are centers. 4 A meta-analyses of Natroshvili et al. found 
 pooled overall improvement (also including slightly im- 
roved patients) of 85% and a complete recovery (only Lik- 
rt 1) of 23%. 5 The rate of complications was higher after 
MT compared with decompression, which is also found by 
 recent meta-analyses of Said et al. 18 

Another notable finding was the severity of CuTS, which 
as comparable in both groups. More than half of the pa- 
ients had severe CuTS in both groups. As described by Del- 
on before, the severity of CuTS indicates the risk of revi- 
ion surgery in the follow-up years (21% in 6 years, 33% in 
 years, and 62% in 3 years after primary surgery in mild, 
oderate, and severe CuTS, respectively). 7 We did not find 
 correlation between severity, expressed by the Dellon 
rade, and pre-operative PRUNE score. A study comparing 
rip strength, pinch strength, and sensory threshold found 
hat only grip strength had a moderate, significant correla- 
ion with PRUNE score ( R = –0.38). Better correlations with 
RUNE score were found at 2 years following surgery. Over- 
ll, changes in grip strength, pinch strength, and sensation 
ccounted for 20% of the variance in PRUNE changes. 15 
3266
The prospective design of this study made it possible to 
nalyze failed surgeries in detail. Out of the nine failures of 
MT, a potential explanation was found in five cases. Three 
ases had residual compression at the distal intermuscu- 
ar septum. Two patients improved after revision surgery, 
tressing the importance of substantial release of this sep- 
um, as previously reported by Felder et al. 19 Other im- 
ortant findings were the double crush injury (CuTS and 
ervical root compression) and a late hematoma. Those 
ases illustrate the importance of careful clinical examina- 
ion and usefulness of additional imaging in case of doubt 
r persistence of symptoms after SMT, as mentioned by 
iostad et al. 16 . In comparison with SCT, SMT obviously 
oses a higher risk for the development of a post-operative 
ematoma due to transection of a highly vascularized mus- 
le. 20 

Also, in the case of luxation, preference may be SMT 
r decompression, depending on the surgeon. In our study, 
hree patients with luxation of the ulnar nerve were treated 
ith SD of which two improved (Likert 2) and one did not im-
rove (Likert 4) as a result of a double crush injury (cervical 
oot compression, as described in the results section). 
This study had some important advantages. The prospec- 

ive design of this study made it possible to evaluate PROMs 
t several standardized time points during the first year af- 
er surgery, which is increasingly important since objective 
easures might not adequately reflect success of a surgi- 
al procedure. Modern medicine is shifting toward feedback 
f patients and having a better understanding of patients’ 
xperience. Given the lack of use of PROMs in current liter- 
ture, we used patients undergoing primary decompression 
s a reference group. Though outcomes cannot be compared 
ue to different indications and surgical techniques, data on 
oth groups give a better insight in PRUNE outcomes in CuTS 
urgery. This cohort is also more homogeneous than most 
revious performed studies, 21–24 due to the single-center 
nd single-surgeon design, and since sampling bias, referral 
ias, selection bias, and were kept minimal, since all eli- 
ible patients were included, patients were referred from 

urrounding local hospitals and SMT was the only procedure 
erformed by recurrent/persisting symptoms. 
The present study also has several potential limitations. 

he PRUNE is shown to be a reliable and valid tool for the as-
essment of symptoms of CuTS and functional complaints 11 , 
lso compared with other scales (the SF-36 and Bishop) 25 . 
owever, in our population, the second part of the PRUNE 
as sometimes found difficult to answer, especially if the 
ffected arm was not that of their dominant hand. This was 
he case in 40% of patients in which PRUNE scores may be 
nderestimated. This underestimation may cause the low 

re-operative score for the subscale “usual activities” and, 
herefore, no difference pre- and post-operative. This po- 
ential impact of handedness on outcome has recently been 
nvestigated by Philip et al. 26 They found that impairment of 
he dominant hand is associated with reduced ability to per- 
orm specific activities, although this reduced ability is not 
eflected in standardized measures of disability and health 
tatus. In line with this, there was no statistically significant 
ifference in PRUNE scores between patients with and with- 
ut their dominant hand affected, and total PRUNE score 
as still significantly lowered at follow-up moments. How- 
ver, this shortcoming should be considered in future stud- 
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1  
es using PROMs including questions on specific/daily activ- 
ties. Furthermore, in the present study, we did not mea- 
ure the recovery of sensation and strength after surgery. 
ain reason for this was that it requires close monitoring of 
ll patients in a standardized manner for the entire follow- 
p, which is difficult for a prospective study and potentially 
lso lowers the willingness of patients to participate. Fi- 
ally, only 57% and 50% of patients with SMT and decom- 
ression completed PRUNE questionnaires at all follow-up 
oments up to 12 months of follow-up, which may under- 
stimate the long-term change in PRUNE score. Finally, in 
his study, we did not report the potential side effects that 
urgery may have on functioning of the elbow due to con- 
ractures 21 or pain due to transection of the flexor pronator 
ass. Although these side effects, in our experience, are 
ot frequently observed, the potential of occurrence should 
e considered and weighted against the alternative option 
f SCT. 

onclusion 

he results of this prospective study confirm that SMT is an 
ffective option for persistent or recurrent CuTS. Success 
ates in this study were higher than found in our previous 
etrospective study, possibly due to a decrease in referral 
ias with only three patients (10%) who had undergone more 
han one previous surgery. Results for the PRUNE score af- 
er decompression and SMT provided interesting insights in 
he course of recovery after surgery. These results can serve 
s baseline for future prospective (randomized controlled) 
rials on the comparison of different surgical techniques for 
ersistent or recurrent CuTS, as for example SMT versus SCT, 
s more (long-term) follow-up of both objective and subjec- 
ive patient-reported outcomes are necessary. 
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Szu ścik M , et al. Comparison of patient-reported outcome mea- 
surements and objective measurements after cubital tunnel de- 
compression. Plast Reconstr Surg May 2018; 141 (5):1171–81 . 

6. Philip BA , Kaskutas V , Mackinnon SE . Impact of handedness on
disability after unilateral upper-extremity peripheral nerve dis- 
order. Hand May 2020; 15 (3):327–34 . 
 

http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0017
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0017
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0017
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0017
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0017
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0018
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0018
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0018
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0018
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0018
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0019
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0019
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0019
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0019
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0020
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0020
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0020
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0020
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0020
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0021
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0021
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0021
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0021
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0022
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0022
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0022
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0022
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0022
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0022
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0023
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0023
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0024
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0024
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0024
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0025
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0025
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0025
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0025
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0025
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0025
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0025
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0025
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0026
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0026
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0026
http://refhub.elsevier.com/S1748-6815(22)00239-X/sbref0026

	Submuscular transposition of the ulnar nerve for persistent or recurrent cubital tunnel syndrome: Results of a prospective case series
	Introduction
	Material and methods
	Study population
	Surgical procedure
	Data collection
	Statistical analysis

	Results
	Patient characteristics
	Perioperative findings
	Post-operative outcomes
	Post-operative complications
	Failure of improvement

	Discussion
	Conclusion
	Acknowledgements
	Conflict of Interest
	Funding
	Ethical approval
	Supplementary materials
	References


