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ABSTRACT: Splinting and nerve and tendon gliding exercises are commonly used to treat carpal tunnel syndrome (CTS). It has been
postulated that both modalities reduce intraneural edema. To test this hypothesis, 20 patients with mild to moderate CTS were ran-
domly allocated to either night splinting or a home program of nerve and tendon gliding exercises. Magnetic resonance images of the
wrist were taken at baseline, immediately after 10 min of splinting or exercise, and following 1 week of intervention. Primary outcome
measures were signal intensity of the median nerve at the wrist as a measure of intraneural edema and palmar bowing of the carpal
ligament. Secondary outcome measures were changes in symptom severity and function. Following 1 week of intervention, but not
immediately after 10 min, signal intensity of the median nerve was reduced by �11% at the radioulnar level for both interventions
(p ¼ 0.03). This was accompanied by a mild improvement in symptoms and function (p < 0.004). A similar reduction in signal intensity
is not observed in patients who only receive advice to remain active. No changes in signal intensity were identified further distally
(p > 0.28). Ligament bowing remained unchanged (p > 0.08). Intraneural edema reduction is a likely therapeutic mechanism of splint-
ing and exercise. � 2012 Orthopaedic Research Society. Published by Wiley Periodicals, Inc. J Orthop Res 30:1343–1350, 2012
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Carpal tunnel syndrome (CTS) is a peripheral neurop-
athy at the level of the wrist. Despite considerable
efforts, the pathophysiology of CTS is not yet fully
understood.1 There is however a well-established
link between an elevated pressure in the carpal tunnel
and the development of CTS.2,3 When the pressure
on a peripheral nerve is experimentally increased,
a reduction of intraneural microcirculation occurs
with subsequent breakdown of the blood nerve barrier
and the formation of intraneural and extraneural
edema.4

In CTS, swelling of the median nerve has been iden-
tified intra-operatively,5,6 with ultrasound imaging7

and with conventional magnetic resonance imaging
(MRI).8,9 If present for prolonged periods, intraneural
edema may lead to potentially irreversible fibrotic
changes.4 These fibrotic changes are present in
patients with severe CTS.9 Edema reduction to pre-
vent progression to a fibrotic stage is therefore a plau-
sible target in the management of patients with mild
to moderate CTS.

Besides advice, splinting and nerve and tendon glid-
ing exercises are the most frequently performed non-
invasive treatment modalities for CTS.10 The benefi-
cial effect of night splinting in a neutral wrist position

is commonly attributed to the avoidance of end-range
positions associated with high carpal tunnel pres-
sures.11,12 Maintenance of a neutral wrist position is
believed to promote adequate blood circulation with a
subsequent reduction of edema.13 Although further re-
search is required, recent systematic reviews indicate
that conservative management with nerve and tendon
gliding exercises may be beneficial for patients with
CTS.14,15 It has been proposed that these exercises
may improve restricted nerve gliding, reduce scar for-
mation, and increase intraneural blood flow, which
may also facilitate a reduction of intraneural edema
and dispersion of inflammatory by-products.16–19

Albeit plausible, the therapeutic mechanisms by
which splinting and nerve and tendon gliding exer-
cises may influence signs and symptoms of CTS re-
main largely conjectural. This exploratory MRI study
investigated whether splinting or nerve and tendon
gliding exercises can indeed reduce intraneural edema
of the median nerve in patients with CTS.

METHODS
Patients who met clinical20 and electrodiagnostic21,22 criteria
for mild or moderate CTS (S-Table 1) were randomly allocat-
ed to receive either night splinting (n ¼ 10) or nerve and ten-
don gliding exercises (n ¼ 10; Fig. 1). Allocation was
stratified for CTS severity based on electrodiagnostic test
results. Concealed random allocation was performed by an
independent investigator using sealed envelopes. Demo-
graphic data (age, gender, symptom duration, and CTS se-
verity) were collected at baseline. MRI scans were taken at
baseline, immediately after 10 min of exercise or splinting,

Additional Supporting Information may be found in the online
version of this article.
All authors declare no conflict of interest.
Correspondence to: Michel W. Coppieters (T: þ61-7-3365-1644;
F: þ61-7-3365-1622; E-mail: m.coppieters@uq.edu.au)

� 2012 Orthopaedic Research Society. Published by Wiley Periodicals, Inc.

JOURNAL OF ORTHOPAEDIC RESEARCH AUGUST 2012 1343



and after 1 week of intervention. All patients gave informed
written consent prior to participating in the study and the
study was approved by the human research ethics committee
of the Princess Alexandra Hospital in Brisbane. A no-treat-
ment group was removed from the original study design as it
was deemed unethical to withhold treatment as intraneural
edema does not reduce when no intervention is provided (see
‘‘Natural history’’ below).

Because no data were available in the current literature
to calculate the sample size and because this study was ex-
ploratory in nature, it was decided a priori to study 10
patients per intervention group. To achieve this sample size,
21 patients were recruited from a list of patients awaiting
electrodiagnostic testing at a neurology department of a pub-
lic hospital. One patient discontinued the study after the first
appointment due to time constraints. Patients with severe
electrodiagnostic findings were excluded as severe CTS is
characterized by fibrotic changes in the median nerve rather
than edema.9 Patients were also excluded if electrodiagnostic
findings were indicative of peripheral neuropathies other
than CTS, if another inflammatory disease was present, if a
history of previous surgery or trauma to the upper limb or
neck existed, if any kind of treatment for CTS was received
in the 3 months before testing or if CTS was related to preg-
nancy or diabetes. Furthermore, patients with any contrain-
dication to MRI examination were excluded from the study.
The recruitment period lasted from August 2009 until
August 2010.

Intervention
Participants in the exercise group performed a 1-week home
program of nerve and tendon gliding exercises. This program
was instructed by a physiotherapist specialized in musculo-
skeletal management. For the tendon gliding exercises, the
hand positions described by Wehbe et al.23 were adopted in
four separate exercises (Fig. 2A). The nerve gliding exercises
were based on recent biomechanical insights.24,25 Rather
than progressively elongating the median nerve bed as de-
scribed by Totten and Hunter,19 exercises were selected
which maximize nerve excursion while minimizing an in-
crease in nerve strain (Fig. 2B).25 In line with a large clinical
trial evaluating a multimodal non-invasive treatment ap-
proach for CTS,26 the exercises were preceded by one warm-
ing-up exercise that included forward and backward rolling
of the shoulder girdle.

Ten repetitions of each exercise were performed per ses-
sion. One session took approximately 2 min to complete. Par-
ticipants were asked to complete 10 sessions per day. On the
day of the 1-week follow-up assessment, no exercises were
performed in order to evaluate the prolonged rather than im-
mediate effects of exercise. Patients were instructed that
exercises should not provoke any symptoms. If symptoms
were provoked, it was recommended to continue the exercise
regimen using a smaller range of motion. Each patient was
contacted by phone after the first and third day to ensure
that the prescribed exercise regime did not cause any discom-
fort. Exercise compliance was monitored with a diary.

Allocated to splinting (n=10) 
♦ Received allocated intervention (n=10)
♦ Did not receive allocated intervention (n=0)

Analysed (n=10)
♦ Excluded from analysis (due to drop out after 
first appointment) (n=1)

Analysed (n=10)  
♦ Excluded from analysis (n=0)

Analysis

Lost to follow-up (n=1, time constraints) 
Discontinued intervention (n=0) 

Lost to follow-up (n=0) 
Discontinued intervention (n=0) 

Follow-Up

Allocated to exercises (n=11) 
♦ Received allocated intervention (n=11)
♦ Did not receive allocated intervention (n=0)

Assessed for eligibility (n=111) 

Excluded (n=90) 
♦ Not meeting inclusion criteria (n=80) 
♦ Declined to participate (n=9) 
♦ Other reasons (n=1) 

Randomized (n=21) 

Enrolment

Allocation

Figure 1. Flow diagram of the study.
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Participants in the splinting group received a prefabri-
cated wrist splint (Access Health, Blackburn, Australia) that
they wore at night for 1 week. All patients irrespective of
their treatment allocation were encouraged to continue with
their normal daily activities.

Outcome Measures
MRI scans of the affected wrist (or most affected wrist in
case of bilateral mild or moderate CTS) were performed
using a purpose built transmit-receive wrist coil on a Bruker
Medspec 4Tesla (4T) MR scanner27 using Siemens Sonata
gradients. Standard clinical 3D magnetization prepared gra-
dient echo imaging sequences [MP-RAGE (TR 1400 TE 3.39
TI 700; matrix 192�72, NSA 2, flip angle 15 degrees) and
Dual Echo Steady State (DESS)28 (TR 14.29 TE 3.92; matrix
192�96, NSA 1, flip angle 30 degrees, water excitation)] were
applied to generate high resolution T1 and T2 axial images.
These images were reconstructed post-hoc in other planes for
analysis. Slice thickness was set at 0.9 mm without gap with
voxel volumes of 0.73 mm3.

Primary outcome measures were signal intensity changes
of the median nerve and palmar bowing of the carpal liga-
ment. Signal intensity of the median nerve on T2 weighted
images is increased in CTS and is attributed to intraneural
edema.9 Enhanced signal on T2 weighted images is reflective
of increased fluid content. A reduction in signal intensity is
interpreted as a reduction in intraneural edema.8 To deter-
mine the signal intensity of the median nerve, a region of
interest comprising the central area of the median nerve in
the shape of an ellipse measuring 80% of the width and
length of the median nerve was evaluated for its average
gray level using a custom written MATLAB program (Math-
Works, Natick, MA). Since the border of the median nerve is
not always distinct on MRI scans, the use of an ellipse cover-
ing a predetermined proportion of the median nerve pre-
vented the inclusion of extraneural signal. The signal
intensity was expressed as a ratio to the flexor carpi ulnaris
muscle signal at the radioulnar level to avoid variations in
signal intensity encountered with the surface coil.8 Signal in-
tensity was calculated at three levels: (i) at the distal

radioulnar joint where the pronator quadratus muscle was
visible over the whole width of the radius (inlet of the carpal
tunnel), (ii) at the center of the pisiform bone (mid-tunnel),
and (iii) at the hook of hamate (outlet of the carpal tunnel).9

Palmar bowing of the carpal ligament is also increased in
CTS29,30 and is considered an indirect measure of increased
carpal tunnel pressure.2,11 MRI scans were analyzed by
drawing a straight line between the hook of hamate and the
trapezium (H–T line) using ImageJ software (Version 1.44 g,
National Institutes of Health, Bethesda, MD). The bowing
ratio of the ligament was defined as the perpendicular dis-
tance from the apex of the ligament to the H–T line divided
by the length of the H–T line.29 Since ligament bowing at the
pisiform level has previously been shown to be normal in
CTS, ligament bowing was only established at the level of
the hook of hamate.31

All MRI scans were coded and an investigator blinded to
the group allocation took all measurements (AS). To verify
the inter-tester reliability of the measures, a second investi-
gator blinded to group allocation independently evaluated all
MRI scans (JE). Intra-class correlation coefficients (ICC[2,1])
and standard errors of measurement were calculated.

Questionnaires were included to evaluate changes in
symptom severity and function. Changes in these two
domains would normally constitute primary outcomes, but
we considered them as secondary in this study because the
primary aim was to reveal therapeutic mechanisms. Changes
in symptom severity and function were included because a
trend toward improvement or deterioration could assist in
the interpretation of possible MRI changes. A decreased signal
intensity may not only be interpreted as decreased intraneu-
ral edema (improvement), but also as decreased intraneural
blood flow (deterioration).8 Each patient completed the Bos-
ton carpal tunnel questionnaire, which consists of a symptom
severity and a functional status sub-scale and is reproduc-
ible, internally consistent, valid and responsive to clinical
change in patients with CTS.32 Furthermore, the patient spe-
cific functional scale was administered,33 which is a reliable
and valid instrument to determine change in activities that
are deemed difficult by the patient.34 Two separate 10 cm

Figure 2. A: Tendon gliding exercises as described by Wehbé et al. 21. B: Nerve gliding exercises for the median nerve were designed
to maximize nerve excursion while minimizing nerve strain.23 To achieve this, elongation of the nerve bed at one joint (loading) was
counterbalanced by a simultaneous movement which reduces the length of the nerve bed in a neighboring joint (unloading). In the first
exercise (left) a position of wrist extension (loading) and finger flexion (unloading) was alternated with wrist flexion (unloading) and
finger extension (loading). Similarly, the second exercise (right) consisted of the alternation of elbow flexion (unloading) and wrist
extension (loading) with elbow extension (loading) and wrist flexion (unloading).
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visual analogue scales (VAS) were completed for current
level of pain and numbness (ranging from no pain/numbness
to worst ever pain/numbness).

Procedure
During the first session, participants completed the question-
naires and a MRI scan of the wrist was taken. In the follow-
ing 10 min, participants in the exercise group performed
three series of nerve and tendon gliding exercises under su-
pervision of a clinician. Participants in the splinting group
wore the splint for 10 min. Subsequently, the wrist was im-
aged a second time. After 1 week of home exercises or night
splinting, patients completed the same questionnaires and
underwent another MRI scan of their wrist.

Statistical Analysis
Demographic and baseline data of the splinting and exercise
group were compared with independent t-tests. The effect of
the interventions on primary and secondary outcomes was
analyzed using principles of intention-to-treat with two-way
analyses of variance with one between group factor (GROUP
with two levels (exercise and splinting)) and one repeated
factor (TIME with three levels for MRI (baseline, immediate
follow-up, 1 week follow-up) and two levels for questionnaires
(baseline and 1 week follow-up)). Post-hoc comparisons were
Bonferroni corrected for two pre-determined comparisons
(baseline versus immediate follow-up; baseline versus 1 week
follow-up).

Pearson’s correlations were calculated between signal in-
tensity of the median nerve and ligament bowing and pain
intensity and numbness at baseline. Furthermore, correla-
tions between the change in signal intensity and ligament
bowing and pain intensity and numbness following 1 week of
intervention were calculated. All analyses were performed in
SPSS 15 (SPSS Inc, Chicago, IL). The level of significance
was set at p < 0.05.

Natural History
As it was a prerequisite that the MRI measures used in this
study were stable over time, a separate experiment was con-
ducted. This experiment was approved by the Medical Re-
search Ethics Committee of The University of Queensland
and all participants provided informed written consent. Five
patients with mild to moderate CTS were recruited through
the local print media (female: 3; age (mean (SD)): 53.4 (9.7)
years; mild CTS: 1; moderate CTS: 4). Patients underwent
two MRI scans of their affected wrist 1 week apart. They re-
ceived no intervention during this period but received advice
to remain active. The in- and exclusion criteria, MRI proto-
col, and outcome measures were identical to those described
above. Paired t-tests demonstrated that MRI measures at
1 week follow-up were not different to those at baseline
(mean (SD) decrease in signal intensity at the radioulnar lev-
el 1.6% (2.6%); signal intensity (at any level): p > 0.27; liga-
ment bowing: p ¼ 0.81). These results demonstrated that no
systematic changes in MRI measures are to be expected
within 1 week if no intervention is provided.

RESULTS
The baseline patient characteristics were comparable
between the two groups (Table 1). All participants re-
ceived the treatment as allocated and adhered to the
prescribed exercise program and splinting regime.

There were no reported adverse effects and no adjust-
ments to the exercise program were required. Inter-
tester reliability of signal intensity measures was
high, but somewhat lower for palmar ligament bowing
(Table 2).

Signal Intensity and Ligament Bowing
Signal Intensity of the Median Nerve
At the radioulnar level, the analysis of variance
revealed no significant interaction effect for TIME -
� GROUP [F(2,36) ¼ 0.59; p ¼ 0.56], demonstrating
that both groups behaved similarly over time. There
was no significant main effect for GROUP
[F(1,18) ¼ 1.61; p ¼ 0.22] but there was a significant
main effect for TIME [F(2,36) ¼ 3.63; p ¼ 0.036]. The
signal intensity of the median nerve was 11.1%
(SD ¼ 15.4%) lower at 1 week follow-up [mean (SD)
ratio ¼ 1.20 (0.19)] compared to baseline [1.35 (0.27)]
(p ¼ 0.03). At the hamate and pisiform level, no signif-
icant interaction effects for GROUP � TIME were
present [F(2,36) ¼ 0.18; p ¼ 0.84; F(2,36) ¼ 0.03;
p ¼ 0.97, respectively]. Similarly, no main effects for
GROUP [hamate: F(1,18) ¼ 1.22; p ¼ 0.28; pisiform:
F(1,18) ¼ 0.001; p ¼ 0.97] or TIME [hamate: F(2,36) ¼
0.81; p ¼ 0.45; pisiform: F(2,36) ¼ 2.98; p ¼ 0.063]
were identified. This indicated that signal intensity
was comparable between groups and remained un-
changed over time (Fig. 3, Table 3).
Ligament Bowing
For carpal ligament bowing no significant interaction
effect for GROUP � TIME was identified [F(2,36) ¼
1.34; p ¼ 0.28). Similarly, there was no significant

Table 1. Baseline Characteristics of the Splinting and
Exercise Group

Exercise Splinting p-value

Age in years (SD) 49.9 (12.5) 57.9 (16.3) 0.22
Gender (male/female) 5/5 7/3 0.28
Symptom duration

in months (SD)
54.6 (47.6) 62.8 (56.1) 0.20

CTS severity
Mild 4 3 0.79
Moderate 6 7

Table 2. Reliability of Signal Intensity and Ligament
Bowing Measurements

Level ICC (2,1) 95% CI SEM

Signal intensity
Radioulnar 0.77 0.40–0.91 0.15
Pisiform 0.91 0.74–0.96 0.13
Hamate 0.93 0.82–0.97 0.11

Ligament bowing
Hamate 0.62 0.26–0.83 0.02

ICC, intraclass correlation coefficient; CI, confidence interval;
SEM, standard error of measurement.
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main effect for TIME (F(2,36) ¼ 2.73; p ¼ 0.08] or
GROUP [F(1,18) ¼ 0.002; p ¼ 0.96] when comparing
the exercise and splinting group (Table 3).

Symptom Severity and Function
The analysis of variance for the exercise and splinting
group did not reveal a significant interaction effect for
TIME � GROUP [F(1,17) < 0.88; p > 0.36] or a main
effect for GROUP [F(1,17) < 1.42; p > 0.25] for symp-
tom severity or function as determined by the Boston
questionnaire and the patient specific functional scale.
This indicated that there was no difference for these
outcome measures between groups over time. There was
however a significant effect of TIME for the Boston ques-
tionnaire [F(1,17) ¼ 16.70; p ¼ 0.001] and the patient
specific functional scale [F(1,16) ¼ 22.10; p < 0.001].
Post-hoc comparisons revealed that both groups improved
significantly after 1 week intervention (all p < 0.004;

Table 4). No significant interaction or main effects
for pain intensity and numbness were found (all
p > 0.16).

Correlation of Signal Intensity with Symptoms and Function
At baseline, signal intensity of the median nerve at
the radioulnar (r ¼ 0.68; p ¼ 0.001) and pisiform level
(r ¼ 0.60; p ¼ 0.005) correlated significantly with pain
intensity. No significant correlations were present for
signal intensity at the hamate level (p ¼ 0.35) or liga-
ment bowing (p ¼ 0.77) and pain intensity. No signifi-
cant correlations were found at baseline between
signal intensity at any level or ligament bowing and
numbness (p > 0.14).

There was a significant correlation between the
change in signal intensity of the median nerve at the
radioulnar (r ¼ 0.46; p ¼ 0.043) and pisiform level
(r ¼ 0.61; p ¼ 0.004) and the difference in numbness

Figure 3. Signal intensity ratio of the median nerve over time at the level of the radioulnar joint, the pisiform and the hook of
hamate. �Indicates statistical significance between baseline and 1-week follow-up measures (p < 0.03). The error bars represent the
standard error of the mean.

Table 3. Signal Intensity and Ligament Bowing Ratios (mean (SD)) for the Exercise and Splinting Group

Exercise Splinting

Baseline
Immediate
follow-up

One week
follow-up Baseline

Immediate
follow-up

One week
follow-up

SI RU 1.27 (0.13) 1.25 (0.15) 1.17 (0.14)a 1.44 (0.35) 1.43 (0.49) 1.23 (0.24)a

SI pisiform 1.34 (0.34) 1.44 (0.32) 1.32 (0.28) 1.35 (0.40) 1.45 (0.47) 1.31 (0.38)
SI hamate 1.13 (0.40) 1.19 (0.43) 1.07 (0.30) 1.30 (0.35) 1.31 (0.36) 1.26 (0.35)
Ligament bowing 0.17 (0.03) 0.16 (0.03) 0.16 (0.03) 0.17 (0.03) 0.17 (0.03) 0.16 (0.03)

aStatistical significance compared to baseline values. No significant differences were present between groups. SI, signal intensity.

Table 4. Mean (SD) for Symptom Severity and Function at Baseline and after 1 Week of Intervention

Exercise Splinting

Baseline One week follow-up Baseline One week follow-up

Boston questionnaire 1.8 (0.5) 1.5 (0.6)a 2.0 (0.4) 1.7 (0.4)a

Pain intensity (VAS) 0.7 (1.3) 0.8 (1.4) 1.2 (2.1) 1.1 (1.1)
Numbness (VAS) 1.5 (2.2) 1.6 (2.4) 2.3 (2.7) 1.9 (2.1)
Patient specific functional scale 4.7 (2.9) 6.8 (2.9)a 5.0 (1.3) 7.9 (1.6)a

aStatistical significance compared to baseline values. No significant differences were present between groups.
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over 1 week. No significant correlations were present
between changes in signal intensity at the hamate
level (p ¼ 0.57) or ligament bowing (p ¼ 0.85) and dif-
ference in numbness. Similarly, no significant correla-
tions were present for changes in signal intensity at
any level (p > 0.24) or ligament bowing (p > 0.74) and
changes in pain intensity.

DISCUSSION
The main finding of this study is that 1 week of either
splinting or nerve and tendon gliding exercises re-
duced signal intensity of the median nerve at the inlet
of the carpal tunnel in patients with CTS. A reduction
in signal intensity of the median nerve in patients
with CTS is considered to reflect a reduction in
intraneural edema.8,9 The mean reduction in signal
intensity for both interventions was �11%, whereas no
reduction was observed if patients with CTS received
advice to remain active without additional treatment.
Three months after surgery, a similar decrease of
�11% at the inlet of the carpal tunnel has been dem-
onstrated.8 Although a direct comparison with surgery
may not be warranted, we believe that the identified
reduction after 1 week is substantial. No change in
signal intensity was observed immediately following
the first treatment session, which suggests a cumula-
tive treatment effect over time.

No significant reduction in signal intensity of the
median nerve was observed more distally in the carpal
tunnel. There is however evidence to suggest that the
inlet of the carpal tunnel is the most plausible region
for a reduction in intraneural edema to occur following
treatment. Swelling of the median nerve in CTS is
most pronounced at the inlet of the tunnel5,35 and the
most prominent increase in signal intensity of the me-
dian nerve in CTS is also apparent at this level.8,30

Signal intensity may even be reduced at the hamate
level.8

Seradge et al.36 demonstrated that hand exercises
in patients with CTS lead to an immediate decrease of
carpal tunnel pressure. Splinting has also been sug-
gested to reduce carpal tunnel pressure.12 Although
palmar bowing of the carpal ligament is considered an
indirect measure of carpal tunnel pressure,2,11 no de-
crease in ligament bowing was observed following ei-
ther intervention. Elevated carpal tunnel pressure and
ligament bowing may not only be caused by intraneu-
ral or extraneural swelling, but structural changes
such as thickened tenosynovial tissue or hypertrophy
of the lumbrical muscles may also contribute.1 It is un-
clear whether splinting and exercise can alter the
structural factors especially within the short interven-
tion period used in this study.

A decrease in signal intensity in the median nerve
in patients with CTS is commonly attributed to a
reduction in edema.8,30 However, it could also reflect
an unwanted reduction in intraneural blood circula-
tion. Because neural ischemia contributes to the typi-
cal symptoms of CTS,4,37 it would be logical that

symptoms and function would have worsened if the re-
duction in signal intensity had been reflective of re-
duced intraneural blood circulation. This worsening
was not observed. Rather the opposite occurred as a
mild improvement in symptom severity and function
was reported. As outlined above, changes in symptom
severity and function were secondary outcomes and in-
cluded to better interpret possible changes in signal
intensity. Considering the chronic nature of the symp-
toms and the short intervention period, a moderate
trend rather than clinically meaningful changes were
anticipated. Although statistically significant, the im-
provement in the Boston questionnaire did indeed not
reach the previously established scores for a clinically
meaningful change.38 The significant improvement in
the patient specific functional scale was however clini-
cally meaningful.33 We like to emphasize though that
this study was designed to reveal possible therapeutic
mechanisms of nerve and tendon gliding exercises and
splinting, and not to evaluate the clinical efficacy of
these interventions. The strong correlation between
changes in signal intensity and changes in numbness
provides further support that the changes in signal in-
tensity should be interpreted as a reduction in intra-
neural edema rather than reduced blood circulation.

It may be somewhat surprising that two rather op-
posing treatment modalities (splinting and exercise)
resulted in a comparable reduction in intraneural ede-
ma. Based only on the therapeutic mechanism uncov-
ered in this study, there seems to be no preference for
splinting or nerve and tendon gliding exercises. One
may even argue that splinting is a safer option since
provocative hand exercises may lead to a deterioration
of MRI parameters indicative of edema.39 Our study
indicates however that the concern that nerve and ten-
don gliding exercises could increase intraneural edema
due to irritation is unwarranted when non-provocative
exercises are selected. A large clinical trial (197 patients)
with a substantial follow-up (2-years) revealed that for
patients awaiting CTS surgery, the addition of nerve
and tendon gliding exercises to standard care lowered
the percentage of patients requiring surgery from 71.2%
to 43.0%.17 As splinting was included in standard care,
there is likely to be an advantage of incorporating nerve
and tendon gliding exercises to a standard regime. As
mentioned above, there may be additional local and re-
mote effects of exercise that are not associated with
splinting.16,40 Incorporating nerve and tendon gliding
exercises in standard care is in line with recommenda-
tions from a recent systematic review14 and corre-
sponds with current clinical practice.10

The findings of this study suggest that a reduction
in intraneural edema is a therapeutic mechanism of
both nerve and tendon gliding exercises and splinting.
The chronicity of the symptoms of the patients in-
volved in this study and the short treatment period
propose that the reduction in intraneural edema is as-
sociated with the interventions rather than the result
of the natural course of CTS. This is further supported
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by the fact that signal intensity remained unchanged
in patients who received no treatment. Studies in larg-
er patient populations are needed to examine whether
the identified short-term changes in intraneural ede-
ma can be maintained or even further improved long-
term. The strong correlations observed in this study
between MRI findings on the one side and baseline
pain intensity and changes in numbness on the other
side also warrant further investigations.
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