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Background: The decision to perform nerve transposition (NT) or in situ decompression (SD) during surgical treatment of cubital tun-
nel syndrome is often based on nerve subluxation through elbow motion. This review assesses what impact nerve instability has on study
design and reported outcomes.

Methods: A search was performed with Boolean operators: “ulnar nerve”” OR “cubital tunnel” AND “decompression” OR ‘transpo-
sition”” on PubMed, Clinical Key, and CINAHL to identify primary studies comparing NT and SD that report pre-existing nerve
instability. Primary outcome was the effect of instability on study design. Secondary outcomes were nerve instability, patient-reported
scores, and complications.

Results: Five studies met criteria after screening 134 articles. In 3 studies, nerve instability dictated treatment. Prospective randomi-
zation was maintained in 1 study. Included cases totaled 464 SD and 304 NT. The complication rate was 8.6% overall, 4.3% for SD
and 21.1% for NT. Bishop scores were 56.9% excellent and 37.3% good for stable nerves and 62.0% excellent and 29.3% good for
unstable nerves.

Conclusions: Very few studies report ulnar nerve instability, and study design is biased by ulnar nerve subluxation. Outcomes showed
similar symptomatic improvement for both decompressed and transposed groups with higher complication rates for the transposed
group.

Level of evidence: Level IV; Systematic Review
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Entrapment of the ulnar nerve at the elbow, or cubital
tunnel syndrome (CuTS), is the second most common neu-
ropathy of the upper extremity. Although typically treated
conservatively, recalcitrant cases are treated surgically,
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involving ulnar nerve transposition (NT) or an in situ
decompression (SD). The decision to transpose is often based
on stability or subluxation of nerve in elbow flexion.””’
Prospective, comparative studies weighing decompression
vs. transposition have shown equivalent results, each with
their associated risks and benefits.”” Proponents of SD are
supported by meta-analyses that have shown no difference in
outcomes between techniques with a difference in compli-
cation rates, ' ®?>>+2 However, the stability of the ulnar nerve
is not always addressed as a factor. As a result, advocates of
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NTargue that ulnar neuropathy is a dynamic process resulting
in both compression and traction that is only addressed by a
transposition.''” Comparing the results of NT or SD in the
specific setting of stable or unstable nerves would provide
important insight to how each surgical option addresses the
different pathologies.

Our study represents a systematic review of CuTS
exclusively limited to studies that recorded preoperative or
intraoperative ulnar nerve instability, the impact of nerve
subluxation on surgical intervention and study design, and
the effects on outcomes. It is hypothesized that the litera-
ture characterizing pre-existing ulnar nerve instability in
the setting of CuTS is limited, and many outcome studies
do not report pre-existing instability. In addition, it is ex-
pected that preoperative instability affects study design by
way of clinical management given the dogmatic nature of
the SD vs. NT debate. If possible, subgroup analysis from
included studies will provide insight on how SD and NT
perform depending on the stability of the ulnar nerve.

Materials and methods
Literature review

This study was performed following the PRISMA guidelines
without external funding or a previously registered protocol. A
literature search of PubMed, Clinical Key, and CINAHL was
performed with the following search terms and Boolean operators:
“ulnar nerve” OR “cubital tunnel” AND ‘“‘decompression” OR
“transposition” with filters for English Language, between the
years of 1999 and 2019, and full text articles. Two independent
reviewers (DMC and ASP) assessed the titles and abstracts
separately for relevancy. Abstracts that suggested inclusion in this
review were saved for full manuscript review. Inclusion and
exclusion criteria were then applied to select articles for analysis.
The GRADE (Grading of Recommendations Assessment, Devel-
opment and Evaluation Working Group) criteria are a quality
assessment template used to evaluate the quality of methods in
study analysis.” Using this template, the quality of the selected
studies was then reviewed.

Eligibility

Inclusion criteria were (1) primary studies, (2) patients diagnosed
with idiopathic CuTS, (3) reported data for pre-existing subluxa-
tion, and (4) skeletally mature patients. Exclusion criteria were (1)
endoscopic decompression, (2) medial epicondylectomy, (3)
revision surgery, and (4) treatment of polyneuropathies. Primary
outcome was the effect of instability on study design. Secondary
outcomes were rate of nerve instability, patient-reported scores,
and complications.

Data extraction and analysis

Qualified studies that met criteria were examined, and the 2 re-
viewers extracted all relevant data including study sample size,

sex, mean age, average follow-up, intervention (SD vs. NT), how
ulnar nerve stability was assessed and reported, rate of nerve
instability, how the presence or absence of nerve instability
affected treatment or experimental group, and outcomes. The
primary outcome was the effect of instability on study design.
Secondary outcomes were rate of nerve instability, patient-re-
ported scores, clinical improvement, and complications.

Demographic data, primary outcome measures, and secondary
outcome measures from comparable studies were pooled for all
patients. Rates and ratios were converted to percentages when
applicable for comparison. Demographic variables, surgical vari-
ables, and outcomes were pooled and weighted averages were
obtained when possible. Complications and reoperations were
similarly recorded.

Results
Ulnar nerve instability

The literature search resulted in 645 unique results of which
134 articles were reviewed for inclusion. Five studies met
inclusion for this systematic review (Fig. 1). Of these
studies, 2 were retrospective reviews.'*'” One was a pro-
spective cohort.'”” Two were prospective randomized
studies (Table I).B’” In 2 of the studies, one retrospective
and one prospective, the presence of ulnar nerve instability
did not direct patients into an SD or NT treatment group.”'*
In another 2 of the studies, assessment of the nerves’ sta-
bility, defined by palpable subluxation on preoperative ex-
amination or subluxation during elbow range of motion
intraoperatively, dictated treatment with either SD or NT.
Unstable nerves undergo NT.””'” In the final included
study, patients with unstable nerves on preoperative ex-
amination were excluded from randomization, but still had
outcomes reported after undergoing NT.'" The overall rate
of ulnar nerve instability identified in included studies was
16.9% (Table II).

Surgical outcomes

In total, 768 cases were included, of which 464 were SD
and 304 were NT. The NT group was composed of 169
subcutaneous transpositions, 48 submuscular trans-
positions, 7 intramuscular transpositions, and 76 unspeci-
fied transpositions. The average age was 46.8 years and the
mean length of follow-up was 33.7 months (Table I). The
total complication rate for all included studies was 8.6%,
with subgroup analysis for procedure type showing a
complication rate of 4.3% for SD when reported and a rate
of 21.1% for NT when reported. Within the SD group,
complications for the unstable or stable nerve subgroups
were not definitively reported. Of the patient-reported
outcome scoring systems reported across all studies, only
the Bishop score was reported in multiple studies. Bishop
scores for total stable nerves showed 56.9% scoring
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Systematic Review of the Literature PRISMA Flow Diagram

Search preformed in PubMed, Clinical
Key, and CINAHL with phrase
“(ulnar nerve OR cubital tunnel) AND
(decompression OR transposition)”

Figure 1
and article attrition during the systematic review process.

Table I  Study demographics for included studies

645 Unique
Results

511 Excluded by Title

Inclusion/Exclusion

134 Articles
Evaluated with

Criteria

129 Excluded after
Abstract & Full Text
Review

5 Articles Included

in Systematic
Review

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram indicating the search method

Author, year Journal Study design Sample Gender Mean Treatment Mean
size (n) (M/F) age (yr) (SD/NT) follow-up (mo)
Henn, 2016 J Hand Surg Am  Retrospective review 76 M: 31, F: 36 22.1 SD: 30, NT: 46 67.2
Matzon, 2016"7 J Hand Surg Am  Retrospective review 363 M: 215, F: 148 53.7 SD: 287, NT: 76 n/a
Kang, 2015"° J Orthop Surg Res Prospective cohort 107 M: 69, F: 38 36.6 SD: 37, NT: 70  32.2
Bartels, 2005° Neurosurgery Prospective, 152 M: 94, F: 58  47.2 SD: 75, NT: 77 12
randomized,
controlled trial
Gervasio, 2005"" Neurosurgery Prospective, 70 M: 48, F: 22  52.6 SD: 35, NT: 35 47
randomized study
Totals and 768 M: 457 46.8 SD: 464, NT: 304 33.7
weighted averages (60.0%)

M, male; F, female; SD, simple decompression; NT, nerve transposition.

excellent and 37.3% scoring good. Bishop scores for total
unstable nerves showed 62.0% scoring excellent and 29.3%
scoring good. Subgroup analysis with respect to stable or
unstable nerves was possible in the study from Gervasio
et al.'' Patients with unstable nerves who underwent SD
reported a mean Bishop score of Good, and those with
unstable nerves who underwent NT reported a mean score
of Good."" Conversely, subgroup analysis was also possible
from the data presented by Bartels et al.’ Ten patients
(50%) with unstable nerves who underwent SD were
evaluated to have “Excellent Recovery” by the Medical
Research Council Grading system, and 13 patients (59%)

with unstable nerves who underwent NT were evaluated to
have “Excellent Recovery” by the Medical Research
Council Grading system. Disabilities of the Arm, Shoulder
and Hand score and visual analog scale sat-
isfaction-reported outcomes also showed significant
improvement after surgery in one study.'* Outcomes
collected from patient history and physical examination
were not reported across multiple studies but did show
significant findings regarding symptomatic improvement
between stable and unstable nerves and male sex and
younger age as risk factors for nerve instability
(Table IID).'*"7
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Table II

Ulnar nerve instability assessment and impact on treatment or study design

Author, year Sample  Assessment of pre-existing

size (n) nerve instability

Rate of ulnar
nerve instability

Impact of nerve instability on
study/clinical decision

Henn, 2016 76 Preoperative examination

or intraoperative evaluation

Matzon, 2016' 363 Preoperative examination

Kang, 2015" 107 Intraoperative assessment

Bartels, 2005° 152 Intraoperative assessment

Gervasio, 2005'" 70 Preoperative examination

Totals 768

34/76 (44.7%)

29/363 (8.0%)

Total: 23/107 (21.5%)
Group A: 10/51 (19.6%)
Group B: 13/56 (23.2%)
Total: 42/152 (27.6%)
SD group: 20/75 (26.7%)
NT group: 22/77 (28.6%)
2/70 (2.8%)

Patients with instability were kept
in their treatment groups.

Patients with stable nerves:

SD: 28, NT: 14

Patients with unstable nerves:

SD: 2, NT: 32

Patients with instability underwent NT.
Patients with instability after full
decompression also underwent NT.

Group A: Underwent SD or NT based on
stability assessment.

Group B: all underwent NT.

Patients with instability maintained
randomization into treatment groups for
simple SD or NT.

Patients with instability were excluded from
randomization and underwent NT.

130/768 (16.9%)

SD, simple decompression; NT, nerve transposition.

Discussion

With respect to the initial hypotheses, this systematic re-
view revealed a very limited number of studies in which
ulnar nerve stability was reported as part of the CuTS
treatment algorithm. Furthermore, when nerve instability
was taken into account, it often influenced study design and
treatment decisions, introducing a source of bias. Unfor-
tunately, results in the included studies were not uniformly
reported in a manner that allowed for analysis of outcomes
comparing SD and NT in well-defined subgroups based on
the stability of the ulnar nerve.

Pre-existing ulnar nerve instability and its impact on
surgical decisions and study design were of particular in-
terest because recent studies have shown no difference in
outcomes between SD and NT, but a glaring limitation in
the study design has been lack of documented ulnar nerve
stability assessment.'®**?*?° In the 3 prospective trials that
met inclusion criteria for this review, only 1 maintained
randomization into either SD or NT treatment groups.’ The
remaining 2 prospective studies appear inconclusive in this
aspect because nerve instability leads to NT rather than
randomization to either treatment option.'"' Bartels
et al® maintained treatment randomization after assessing
for nerve stability and found similar outcomes in both
treatment groups with the NT group having a significantly
higher incidence of complication (Table III). This may be
the soundest evidence that transposing unstable ulnar
nerves should be reconsidered, and it also reflects what has
been borne out in prior meta-analyses regarding

symptomatic improvement and complications stemming
from SD and NT options.

The second objective of this review was to extract
available data for both stable and unstable nerve subgroups
in order to see what additional conclusions could be drawn
and to compare those previous studies. The pooled patient-
reported outcomes and complication rates from this sys-
tematic review showed improvement in both SD and NT
groups and a higher complication rate for the NT group
compared with the SD groups. Although these findings
agree with recent meta-analyses, SD and NT may not al-
ways be compared equally in all patients. In this review, the
overall rate of preoperative nerve instability was found to
be around 16%, and a large proportion was indicated for
NT solely based on stability.

Trends in treatment have shifted over time and currently
favor following the algorithm that stable nerves undergo
SD and unstable nerves undergo NT."**>** The evidence
guiding that ulnar nerves undergo NT rather than SD has
been subject to debate with authors arguing that ulnar nerve
subluxation is physiological in around 16% of the popula-
tion and questioning whether transposition should be done
as a primary procedure.'"'® Both radiographic and historical
anatomic studies have shown the presence of ulnar nerve
instability in asymptomatic or patients with negative
electromyelograms.”'*° Alternatively, even without frank
subluxation, a process or anatomic variant limiting the
excursion of the nerve during normal range of motion at the
wrist or elbow may also contribute to neuropathy.”*~’
Although NT may alleviate nerve strain and pressure to a



Table III  Reported outcomes and complications for included studies and pooled data

Author, year

Sample  Treatment (SD/NT)

Patient-reported outcome scores

Outcomes from history and

Complications

size (n) follow-up (mo) physical examination
Henn, 2016 76 SD: 30 (39.5%), 39 patients reached for 39 patients reached for Total: 10/76 (13.2%)
NT: 46 (60.5%) follow-up questionnaires. follow-up questionnaires. SD: 7/30 (23.3%)
NT: 3/46 (6.5%)
QuickDASH (mean): Return to sport (mean, mo):
Unstable: 6.3 Unstable: 6.3 8 patients required revision
Stable: 18.6 Stable: 5.7 surgery; 6 of the revisions
P value: .03 P value: .72 occurred in patients with
stable nerves who underwent
VAS (mean): Any residual symptoms: simple decompression.
Unstable: 1.6 Unstable: 43%
Stable: 3.5 P value: .32 Stable: 93%
P value: .001
VAS satisfaction (mean):
Unstable: 8.7
Stable: 5.9
P value: .01
Matzon, 2016"’ 363 SD: 287 (79.1%), NR Risk factors for nerve instability:  SD: 3/287 (1.0%)
NT: 76 (20.9%) 3 patients with recurrent
Male sex: odds ratio 2.92 (95% symptoms revised to nerve
CI: 1.22-6.97, transposition
P value: .016)
Younger age: odds ratio 0.96/yr
(95% CI: 0.94-0.98,
P value: .001)
Low BMI: not clinically
significant (P value: .57)
Kang, 2015"° 107 SD: 37 (34.6%), DASH mean at final follow-up: Grip strength at final Total: 9/107 (8.4%)

NT: 70 (65.4%)

Group A: 11.0
Group B: 10.8
P value: .919

Bishop score:

Group A: Excellent 29, Good 19,
Fair 3

Group B: Excellent 35, Good 16,
Fair 5
P value: .580

follow-up (kg):
Group A: 31.9
Group B: 31.8

P value: .931

Pinch strength at final
follow-up (kg):
Group A: 4.1
Group B: 4.0
P value: .777

Group A: 1/51 (2.0%)
Group B: 8/56 (14.3%)

(continued on next page)
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Table III  Reported outcomes and complications for included studies and pooled data (continued)
Author, year Sample  Treatment (SD/NT)  Mean Patient-reported outcome scores Outcomes from history and Complications
size (n) follow-up (mo) physical examination
Two-point discrimination at final
follow-up (mm):
Group A: 3.2
Group B: 3.1
P value: .560
Bartels, 2005° 152 SD: 75 (49.3%), 12 Medical research council NR Total: 30/152 (19.7%)
NT: 77 (50.7%) grading at final follow-up: SD: 7/75 (9.3%)
Total unstable nerves: 23/42 NT: 23/77 (29.9%)
grade 1
Unstable nerve SD: 10/20
grade 1
Unstable nerve NT: 13/22
grade 1
Total SD: 36/73 grade 1, 13/73
grade 2
Total NT: 46/74 grade 1, 8/74
grade 2
SF-36: general improvement
McGill Pain Questionnaire:
general improvement
Gervasio, 2005 70 SD: 35 (50.0%), 47 Bishop score for included NR Total minor complications:
NT: 35 (50.0%) patients: 14/70 (20%)
SD: 6.91
NT: 6.85 Total major complications:
P value: .658 0 (0.0%)
Bishop score for excluded None reported for excluded
patients: patients
1 Excellent, 1 Good
Totals and 768 SD: 464 (60.4%), 33.7 Only Bishop score was reported No single metric was reported Total: 66/768 (8.6%)

weighted averages

NT: 304 (39.6%)

across multiple studies

Bishop score (stable nerves)

Excellent: 56.9%, Good: 37.3%
Bishop score (unstable nerves)
Excellent: 62.0%, Good: 29.3%

across multiple studies

SD: 17/392 (4.3%)
NT: 26/123 (21.1%)

SD, simple decompression; NT, nerve transposition; QuickDASH, Disabilities of the Arm, Shoulder and Hand score; VAS, visual analog scale; (I, confidence interval; BMI, body mass index; NR, not reported.
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greater extent than SD, both procedures would improve
strain on the nerve during motion of the upper
extremity.‘”g’lz"x’zo So in this context, treating ulnar nerve
subluxation with NT rather than SD may not be necessary.
The subluxation found during evaluation could be physio-
logical, and compression during excursion could be
addressed with the safer procedure. Therefore, given the
higher complication rates seen after NT compared with SD,
it is critical to evaluate which patients truly need NT before
undertaking a higher-risk procedure.

This study has several limitations. A true meta-analysis
of the data gathered was not feasible because of the limited
papers available in the literature recording ulnar nerve
instability. Of the few included studies that did assess and
report nerve stability, inconsistent metrics were reported
making it difficult to aggregate data (Table III). Another
limitation is that an average minimum follow-up time was
not implemented in the search algorithm in order to include
more studies, which was a tradeoff aimed to add to the
value of our findings. Study quality was also variable. Two
of the included papers were retrospective reviews, which
carried the inherent limitations of retrospective reviews.
Two prospective trials changed their management based on
ulnar nerve stability examination, which introduces selec-
tion bias.

Conclusions

Despite recent randomized controlled trials and meta-
analyses, the surgical management of CuTS remains
controversial. This systematic review of primary studies
that record and report ulnar nerve stability when treating
CuTS provides an additional perspective in the debate
between NT and SD for surgical treatment of ulnar nerve
compression. Assessment of nerve stability does
changes management and affects bias in studies, but
without substantial support from available studies. For
future studies, reporting nerve instability and including
subgroup analysis of outcomes for patients with pre-
existing subluxation will provide new data for evaluating
how nerve instability should impact treatment decisions.

Disclaimer

The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from
any commercial entity related to the subject of this
article.
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