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STUDY DESIGN: Retrospective cohort study of consecutive upper limb peripheral nerve decompressions in SCI patients. All
procedures were performed at a single National Spinal Injuries Centre between 2015 and 2019.

OBJECTIVES: Entrapment neuropathies in the upper limb are underdiagnosed and undertreated in patients with spinal cord injury
(SCI). This cohort study represents the first published outcomes of upper limb peripheral nerve decompression in patients with SCI.
SETTING: National Spinal Injuries Centre, Stoke Mandeville Hospital, Buckinghamshire, UK.

METHODS: Data collected from electronic medical records included patient demographics, procedures performed, length of
inpatient stay, nerve conduction studies, and patient satisfaction. Patients were also contacted by telephone to complete a
questionnaire that included patient satisfaction, the NHS ‘Friends & Family Test’ and validated patient-reported outcome measures
(PROM:s).

RESULTS: Thirty-four decompression procedures (24 carpal tunnel, 10 cubital tunnel) were performed in 24 patients (14 with
paraplegia, 10 tetraplegia). 71% of patients had pre-operative nerve conduction studies: 71% of these were graded as severe. Mean
length of stay was 14 nights. 91% of patients were satisfied with their procedure at clinic follow-up. Mean Boston Carpal Tunnel
Questionnaire (BCTQ) symptom scores were reduced from 3.7 to 1.3 pre- vs. post-operatively (p < 0.001). Patient Reported Ulnar
Nerve Evaluation (PRUNE) scores reduced from 49.4 to 23.0 (p =0.01).

CONCLUSION: In our experience, SCl patients tend to present with severe upper limb nerve entrapment syndromes. Operative
management is well tolerated with low risk of complications and can result in marked improvements in symptoms and function.
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INTRODUCTION

Entrapment neuropathies are common in SCl patients. The
incidence of carpal tunnel syndrome is estimated at 49-73% in
SCI populations [1-4], compared to less than 5% in the general
population [5, 6], and that of cubital tunnel is 40% [1] compared to
<5% [7]. Nerve entrapment syndromes in SCI have been found to
be more prevalent with increasing age, time since injury, and male
gender [1, 2, 8], but appear to be independent of other risk factors
usually associated with nerve entrapment in general populations
such as diabetes mellitus [8]. Individuals with SCI are heavily
dependent on their upper limbs for activities of daily living, and
therefore the symptoms and functional deficits associated with
upper limb entrapment neuropathies are particularly disabling.
Despite the increased incidence and heavy burden of morbidity
associated with entrapment neuropathies in SCI, there is a paucity
of literature on the topic.

Clinical diagnosis of carpal tunnel and cubital tunnel syndromes
in SCl is often challenging due to pre-existing neurological deficits,
particularly for patients with tetraplegia owing to cervical spinal
cord injuries. Patients may present with atypical symptoms, or
peripheral neuropathy may be masked by symptoms relating to
spinal cord injury such as altered sensibility, spasticity, and

neuropathic pain. Hence, diagnosis may be delayed and only
recognized when neurophysiological impairment is severe. Nerve
conduction studies have been found to be significantly more
sensitive than clinical assessment in the diagnosis of nerve
entrapment in SCI [1, 3, 4].

Elective upper limb surgery is often a major undertaking for
patients with SCl. It is associated with a higher rate of
complications [9], prolonged inpatient stays, and difficulties
resting the upper limbs and engaging with rehabilitation post-
operatively. Adjuncts such as hoist transfers and electric wheel-
chairs are often needed in the recovery period. Post-operative
immobility also carries heightened risks of venous thromboem-
bolism and pressure sores.

Here, we share our experience of peripheral nerve decompres-
sion in the upper limb in spinal cord injury patients at the National
Spinal Injuries Centre, UK.

METHODS

This is a retrospective case series of consecutive SCI patients who
underwent peripheral nerve decompression in the upper limb at the
National Spinal Injuries Centre, UK from 2015 to 2019 inclusive. Patients
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BOSTON CARPAL TUNNEL SYNDROME QUESTIONNAIRE (BCTQ)

Symptom severity scale:

1 2 3 4 5
How severe is the hand or wrist pain at night? Normal  Slight Medium  Severe Very
serious
How often did hand or wrist pain wake you during Normal Once 2103 4105 More than
a typical night? times times 5 times
Do you typically have pain in your hand or wrist No pain  Slight Medium  Severe Very
during the daytime? serious
How often do you have hand or wrist pain during  Normal  1-2 35 More than Continuous
the daytime? times/day times/day 5 limes
How long on average does an episode of pain Normal <10 10-60 >60 Continuous
last during the daytime? minutes  minutes  minutes
Do you have numbness in your hand? Normal  Slight Medium  Severe Very
serious
Do you have weakness in your hand or wrist? Normal  Slight Medium  Severe Very
serious
Do you have tingling sensations in your hand? Normal  Slight Medium  Severe Very
serious
How severe is numbness or tingling at night? Normal  Slight Medium  Severe Very
serious
How often did hand numbness or tingling wake Normal Once 2t03 4105 More than
you up during a typical night during the past two times times 5 times
weeks?
Do you have difficulty with the grasping and use Without  Little Moderate Very Very
of small objects such as keys or pens? difficulty difficulty  difficulty  difficult difficult

Functional status scale:

No difficulty  Little difficulty Moderate difficulty Intense difficulty Cannot perform

Writing 1 2 3 4 5

Buttoning clothes 1 2 3 4 5

Holding a book 1 2 3 4 5

Gripping a 1 2 3 4 5

telephone

Opening a jar 1 2 3 4 5

Household chores 1 2 3 4 5

Carrying groceries 1 2 3 4 5

Bathing and 1 2 3 4 5

dressing
Fig. 1 The Boston Carpal Tunnel Questionnaire (BCTQ). Symptoms and functional impairment are graded 1-5, with overall scores expressed as
a mean.

who met these inclusion criteria were identified by searching the
electronic medical records at Buckinghamshire Healthcare NHS Trust
(Institutional Research Board approval reference number 6017). Exclusion
criteria included decompression that was performed as part of a more
extensive upper limb reconstruction. No criteria were set for patient age,
duration of spinal injury, level of spinal injury, or surgical technique (open
or endoscopic) used.

Source medical records including inpatient notes, discharge summaries, and
clinic letters were reviewed to obtain the following data: (1) demographics; (2)
nature of spinal cord injury including level and ASIA Impairment scale (3)
procedure(s) performed; (4) length of inpatient stay; (5) nerve conduction study
results; and (6) patient satisfaction and symptomatology at clinic follow-up.

Patients with up-to-date contact information were asked to complete a
further questionnaire by telephone. This questionnaire included overall
patient satisfaction and the National Health Service (UK) ‘Friends & Family
Test’, in which respondents are asked ‘How likely are you to recommend our
service to friends and family if they needed similar care or treatment'. Finally,
patients contacted by telephone completed validated patient-reported
outcome measures (PROMs) including the Boston Carpal Tunnel Ques-
tionnaire (BCTQ) (Fig. 1), Modified Bishop Score (Fig. 2), and Patient Rated
Ulnar Nerve Evaluation (PRUNE) score (Fig. 3). Scores were generated at this
time for both pre- and post-operative condition, and therefore the pre-
operative questionnaires were completed retrospectively. All questionnaire
responses were anonymized, and all telephone consultations were conducted
by an independent investigator (EV) blinded to other outcome data.

For the BCTQ, both the symptom severity and functional assessment
sections were completed by paraplegic patients undergoing carpal tunnel
decompression. For tetraplegic patients, most of the functional questions
were not relevant and therefore only the symptom severity section was
utilized. Patients undergoing cubital tunnel decompression also completed
the Modified BISHOP Score and the symptom severity section of the
PRUNE Score. All patients who underwent cubital tunnel release and were
contactable for further follow-up had tetraplegia, and therefore the
functional assessment section of the PRUNE score was not relevant.
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MODIFIED BISHOP SCORE

Residual symptoms None
Little/intermitted
Moderate

Severe

Better

Unchanged

Worse

Working in old job
Changed job due to
complaints

Subjective improvement

Ability to work

- N O =2 NO =N

Unable to work
Better
Unchanged
Better
Unchanged

Muscle strength

Sensory disturbance

O = O =0

Fig. 2 Modified Bishop Score for ulnar nerve release. Evaluation:
8-9 = excellent; 6-7 = good; 4-5 = fair; < = poor.

For nerve conduction studies, patients with median nerve entrapment
had measurement of the sensory nerve action potential (SNAP) from their
second digit (D2) to wrist. Motor function of the median nerve was
assessed through abductor policis brevis (APB). Ulnar nerve function was
assessed by SNAP from the fifth digit (D5) across elbow, and motor
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PATIENT RATED ULNAR NERVE EVALUATION (PRUNE)
Symptom severity assessment

1. RATE YOUR PAIN:
(0 = no pain, 10 = worst possible)

A) Atits worst

B) Atrest

C) In the morning

D) After work/activity
E) At night

2. HOW OFTEN DO YOU HAVE PAIN?
(0 = never, 10 = always)

3. RATE YOUR OTHER
SYMPTOMS:
(0 = none, 10 = worst possible)

A) Numbness in my little finger
B) Pins and needles in my little
finger
C) Unable to control the
position/movement of my little
finger
D) Weakness in my hand
Fig. 3 Patient Reported Ulnar Nerve Evaluation (PRUNE) Question-
naire. Each symptom is rated from 1—10, with overall scores
expressed as a sum.

conduction was assessed via abductor digiti minimi (ADM) across elbow.
Severity was graded by the neurophysiologist performing these studies.

For both the PRUNE score and BCTQ, statistical analysis was with a two-
tailed paired student’s T-test. P values of <0.05 were considered statistically
significant.

RESULTS
Thirty-four procedures performed in 24 patients (34 hands) over 5
years were included (Fig. 4).

Patient demographics

Of the 24 patients included, 14 had paraplegia and 10 tetraplegia.
The mean age was 53 (median 52, range 30-85) years. The mean
age for patients with paraplegia was 56 (36-78) years, while for
those with tetraplegia this was 49 (30-85) years. For patients with
median nerve entrapment, the mean duration of spinal cord injury
was 21.5 (SD14.8, median 18, range 1-57) years. For patients with
ulnar neuropathies this was 26.2 (SD 16.5, median 26, range 1-53)
years. Demographic data including the spinal level and AIS
grading for these patients is summarized in Fig. 4.

Carpal tunnel decompression

Twenty carpal tunnel decompressions were performed using the
standard open approach, and four were performed endoscopically.
Fourteen were performed in paraplegic patients, 10 in tetraplegic.
Two patients underwent simultaneous bilateral carpal tunnel decom-
pressions, while a further eight patients underwent decompression
surgery in both upper limbs at different times. One tetraplegic patient
presented with recurrent carpal tunnel symptoms 1 year post-
operatively and underwent exploration and re-release of the carpal
tunnel 3 months later, which led to symptomatic improvement. The
median length of stay was 12 nights (range 1-35 nights).

Cubital tunnel decompression

Ten cubital tunnel decompressions were performed: four in
paraplegic and six in tetraplegic patients. All cubital tunnel
decompressions were unilateral and performed using the standard
open approach. There was no recurrence or re-operation. For three of
the ulnar nerve decompressions (performed in two patients with
tetraplegia), the patients had undergone prior reconstructive surgery:
One patient had prior bilateral deltoid to triceps tendon transfer. The
other patient had deltoid to triceps transfer, brachioradialis to flexor
policis longus transfer, and release of supinator from radius. The
median length of stay was 15 nights (range 3-75 nights).

Nerve conduction studies

Twenty-four of 34 procedures had associated pre-operative nerve
conduction studies. Seventeen of 24 pre-operative nerve
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conduction studies were graded as ‘severe’ (11 median, six ulnar),
five were ‘moderate’ (four median, one ulnar), two were ‘mild’ (one
median, one ulnar). The mean pre-operative conduction velocity
(CV) for median nerve SNAP (D5-wrist) was 11.8ms~' (SD 20.8),
while for motor conduction (APB-wrist) the mean CV was
386ms~' (SD 11.8). For sensory conduction in the ulnar nerve
(D2 across elbow), mean CV was 6.8 ms ™' (SD 18.1), while mean
motor CV in the ulnar nerve (ADM across elbow) was 28 ms™'
(SD 15.8).

Three patients had persistent symptoms post-operatively and
had underwent further nerve conduction studies. All three
demonstrated neurophysiological improvement compared to
pre-operative studies. Pre- and post-operative nerve conduction
study results for these patients are shown in Fig. 5.

PROMs

Ten of the 15 patients contacted for telephone follow-up had
undergone carpal tunnel decompression and therefore completed
the BCTQ symptom severity score. The BCTQ asks patients to rate
symptoms and difficulty with daily activities on a scale of 1-5. For
each section, the score is an average of these ratings where one
represents no symptoms or functional impairment at all, and five
corresponds to the most severe symptoms and functional
impairment. The mean BCTQ symptom severity score pre-
operatively was 3.7 (SD 0.38, 3.3-4.2). Post-operatively, this was
reduced to 1.3 (SD 0.33, 1.0-1.9) (p < 0.001), which represents an
almost complete resolution of symptoms. Paraplegic patients who
underwent carpal tunnel decompression were also asked to
complete the functional assessment section: mean scores were
2.75 (SD 0.87, 1.5-4.5) and 1.43 (SD 0.77, 1.0-3.3) pre- and post-
operatively, respectively (p=0.01). These results are shown in
Fig. 6.

The remaining five patients contacted for telephone follow-up
were patients with tetraplegia who had undergone cubital tunnel
decompression, and therefore completed the symptom severity
section of the PRUNE score as well as the Modified BISHOP score.
Mean PRUNE symptom severity score was reduced from 49.4 (SD
17.6, 23-65) pre-operatively to 23.0 (SD 16.9, 10-52) post-
operatively (p = 0.01). These results are shown in Fig. 7. The mean
Modified Bishop Score in this cohort was 6 (SD 1.9, 3-8),
representing a good operative outcome.

Complications

There were no documented complications in the immediate post-
operative period. However, two admissions were prolonged due
to the development of a sacral pressure sore and a hospital-
acquired pneumonia. Most prolonged inpatient stays were due to
unrelated factors such as bladder/bowel management or oppor-
tunistic input from other medical specialties.

Patient satisfaction

Twenty-eight of 34 procedures had associated clinic follow-up
with a mean duration to follow-up of 3.2 months. At clinic follow-
up, 31 of 34 reported satisfaction with their procedure. All 20
paraplegic patients, and 11 of 14 tetraplegic patients, were
satisfied with their procedure.

Fifteen patients were later successfully contacted by telephone
for further follow-up, with a mean time to follow-up of 2.7 years.
At this time, 14 of 15 patients contacted reported being satisfied
with their procedures.

DISCUSSION

Preservation of upper limb function is of paramount importance in
patients with SCl. We found that patients already had severe
neurological impairment at presentation as evidenced by both the
pre-operative neurophysiological studies and PROMs. Our experi-
ence is that peripheral nerve decompression is a beneficial
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Procedure(s)

Complications

(CTR = carpal tunnel release,

Patient # | Level of spinal | Time since
injury (AIS) injury (years)
C1B 6
C4B Not known

3 C5A 26

4 C5B Not known

5 C5D il

6 C6A 18

7/ C6B Not known

8 C7A 25

9 C7B 10

10 C7B 30

11 T2C 35

12 T5A 57

13 T7A 9

14 T7A 26

15 T8A 10

16 T9A 26

17 T9A 28

18 T11B Not known

19 T12A Not known

20 T12A 53

21 T12A 16

22 T12A 34

23 L1B Not known

24 LIkE 1

UNR = ulnar nerve release)

Left CTR None

Left CTR None

1. Right UNR None

2. Left UNR

Left UNR None

Right CTR None

Left CTR None

Right CTR None

1. Right UNR Pressure sore

2. Left UNR

Right CTR None

Bilateral CTR None

Bilateral CTR None

1. Right CTR None

2. Left CTR

1. Right CTR None

2. Left CTR

1. Right UNR None

2. Right CTR

Right CTR None

1. Right CTR None

2. Left CTR

Right CTR Recurrence,
re-operation

Left CTR None

Right UNR None

Right UNR None

1. Right CTR None

2. Left CTR

1. Right CTR None

2. Left CTR

Left UNR None

Right UNR Chest
infection

Fig. 4 Patients demographics. 34 procedures in 24 patients met the inclusion criteria.

procedure for these patients who reported high rates of
satisfaction at both clinic and telephone follow-up. Furthermore,
earlier diagnosis and intervention in these patients, whether
steroid injection or surgical decompression, would likely be
beneficial.

Mean pre-operative symptom severity (3.7) and functional
assessment (2.75) scores from the BCTQ demonstrate the
significant burden of symptoms and functional impairment in
this cohort, in keeping with their severe neurophysiological
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impairment. Post-operatively these scores were reduced to 1.3
and 1.25, respectively; this represents near-complete resolution of
symptoms and functional impairment after surgical intervention.
The relative reduction in mean score pre- versus post-operatively
was marked, which is likely more important than absolute scores
[10]. Similarly marked improvements were seen in the ulnar nerve
decompression cohort, as demonstrated by the relative reduction
in mean PRUNE score and the modified BISHOP score of six,
representing a ‘good’ operative outcome.
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4.5 Normal value >4mV

3.5

2.5

Mean amplitude (mV)

1.5

0
Pre-op Post-op

Normal value >50m/s

4
alue <4.5ms
2
0
Pre-op Post-op

60
50
40
30

20

Mean conduction velocity (m/s)

10

Pre-op

Post-op

Fig. 5 Nerve conduction studies. Mean distal latency was 10.4ms and 7.2 ms pre- and post-operatively, respectively. Mean amplitude
increased from 0.5 to 1.8 mV. Mean conduction velocity improved from 24 to 38 ms™'. These results were not statistically significant (p > 0.05).

Three patients had persistent symptoms and underwent post-
operative nerve conduction studies. Despite their ongoing
symptoms post-operatively, all three cases had marked and
clinically meaningful improvements on neurophysiology. How-
ever, no other patients underwent post-operative nerve conduc-
tion studies and therefore these results did not reach statistical
significance.

It is also of interest whether upper limb entrapment neuro-
pathies may cause or contribute to the development of muscle
spasms and associated pain. There has been speculation that
spasticity in the wrist and finger flexors could contribute to carpal
tunnel syndrome [11] but there has not been any report of
improvement of spasticity secondary to peripheral nerve decom-
pression. In our cohort, we noted one patient with tetraplegia
whose debilitating muscle spasms were dramatically improved
immediately after an open carpal tunnel decompression.

Spinal Cord Series and Cases (2021)7:56

The reliance on upper limbs for both paraplegic and tetraplegic
patients likely contributes to the increased incidence of carpal and
cubital tunnel syndromes in SCl. The correlation between
increased hand use and carpal tunnel syndrome was noted as
early as 1950 by Phalen [12]. Repetitive loading and trauma to the
flexor retinaculum is likely to play a role. Increased body weight,
poor transfer technique, and the use of a conventional manual
wheelchair have been implicated as risk factors [2, 13]. Given the
increased incidence of nerve entrapment in SCl and the apparent
correlation with time since spinal injury, clinicians should have a
high index of suspicion for occult nerve compression in patients
with prolonged duration of SCI. In the future, there may be a role
for electrophysiological screening for SCI patients.

At the National Spinal Injuries Centre, we recently started
offering endoscopic carpal tunnel decompressions as an evolution
of our service, in the hope that this procedure may lead to swifter
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recovery [14] with shorter inpatient stays. In particular, we
hypothesize that the endoscopic approach has the benefit of
reducing pillar pain [15] which may be particularly important for
wheelchair users. However, we are not yet able to draw
conclusions regarding the relative efficacy of this technique
compared to the open approach.

Elective surgery, particularly of the upper limb, is a major
undertaking for individuals with SCI. It has been associated with a
higher complication rate in both the peri-operative and post-
operative period [9], including heightened risk of pressure sores,
venous thromboembolism, autonomic dysreflexia, arrhythmias,
and respiratory compromise. Post-operative recovery may also be

60

%k %k

50

S
o

Mean PRUNE score
N w
o o

10

Pre-op Post-op

Fig.6 Patient reported Ulnar Nerve Evaluation Questionnaire results
(**p <0.01).

%k %k %k

35

2.5

1.5

Mean symptom severity score

0.5

Pre-op

Post-op

complicated by dependence on the upper limbs for activities of
daily living, and short-term measures such as hoist transfers and
electric wheelchairs may be necessary to allow upper limb healing
and recovery.

In our cohort, patients also had prolonged lengths of stay
(median = 14 nights), while our non-SClI patients routinely
undergo peripheral nerve decompression as day cases. The
median length of stay for ulnar nerve decompressions (15 nights)
was longer than for median nerve decompressions (12 nights). It is
worth noting that the prolonged stays were largely due to
logistical and social, rather than clinical, circumstances. One
patient’s stay was complicated by a hospital-acquired pneumonia,
which resolved with a course of antibiotics. A further patient had
worsening of a longstanding sacral pressure sore, which may have
been exacerbated by poor mobility post-operatively. As described,
one patient had recurrence of carpal tunnel syndrome and
underwent successful re-operation. No other complications were
described in patient records. Our patients are intensively nursed at
a dedicated spinal injury unit by a specialist spinal injury team
and, in this context, peripheral nerve decompression is generally
safe.

There are a number of limitations of this study. First, we used of
PROMs that were designed for non-SCl patients. The applicability
of these scoring systems in SCl is limited, particularly for assessing
functional outcomes in tetraplegic patients. There is currently no
standardized, validated scoring system for outcomes following
peripheral nerve decompression in SCl. Despite this, functional
and symptomatic improvements were encouraging, particularly
when the pre-operative disease severity is considered. Another
limitation is the inherent recall bias in retrospective evaluation of
pre-operative symptoms. However, the most meaningful outcome
reported is patient satisfaction which was reported. Although
there is no non-surgical group for comparison, the high levels of
patient satisfaction is a good indicator that nerve decompression
was a likely useful intervention. There was also a significant level
of attrition bias as only 15 of 34 patients were successfully
contacted for follow-up. A prospective study with pre- and post-
operative neurophysiology and standardized outcome measures
tailored to the SCI population is planned.

In summary, our case series found that individuals with SCI tend
to present late with severe upper limb nerve entrapment
syndromes, evidenced by severe neurophysiological impairment
and a significant burden of symptoms. The outcomes are excellent

* %k

N
wv

N

[y

Mean functional assessment score
e
w

©
wn

Pre-op

Post-op

Fig. 7 Boston Carpal Tunnel Questionnaire results (***p < 0.001) (**p <0.01).
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with high patient satisfaction and marked improvements in
symptomatology and function. Clinicians involved in the care of
SCl patients should have a low threshold to diagnose and refer for
specialist assessment and electrophysiological studies.
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