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Abstract

Aim of the study: To evaluate the sonoelastic response of the median nerve in patients with
carpal tunnel syndrome following conservative rehabilitation with splint plus exercise regi-
mens. Materials and methods: A total of thirty-five patients diagnosed with mild carpal tun-
nel syndrome and treated with splint plus exercise therapy; hand resting splint all day for
3 weeks and then only at nights along with nerve gliding exercises in 10 repetitions 3 times
a day. The median nerve was evaluated clinically prior to the treatment and at week 6 of
therapy using physical examination, electrodiagnostic neurophysiology tests and radiological
imaging; Boston Scores, electromyogram, ultrasonography and sonoelastography. Results:
Following the 6-week treatment protocol on 35 subjects with mild carpal tunnel syndrome,
sonoelastography showed significantly softer median nerve, while the traditional parameters
based on Boston Scores and cross-sectional area based on ultrasonography remained nearly
unresponsive. Such early indication of biomechanical changes in the nerve may be of clinical
importance if it can offer a prognostic value of the applied treatment, while tissue softening
suggests the alleviation of nerve compression. Conclusions: Sonoelasticity of the median
nerve can serve as a reliable marker for assessing therapeutic changes in median nerve stiff-
B ness and potentially the outcome early on in mild carpal tunnel syndrome.
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Introduction

Carpal tunnel syndrome (CTS) is the most common type
of neuropathy with a prevalence estimated at between
0.1-0.5%". The condition involves the entrapment of the
median nerve under the flexor retinaculum, causing weak-
ness, paresthesia and pain at the wrist and hand, and thus
decreasing the quality of life. The severity of the disorder
and effectiveness of any therapeutic intervention are typi-
cally determined by physical examination involving func-
tional, performance and pain assessments, sensation and
strength evaluations, and also by electrodiagnostic tests?.

However, such procedures are either painful or yield false
negatives during the initial diagnosis or the following thera-
peutic period.

Ultrasonography (US) has been suggested as a non-inva-
sive and inexpensive tool for the visualization of the entire
median nerve and its surroundings®. Past data supports
the utilization of US not only in the initial diagnosis of
CTS, but also in determining the efficacy of applied ther-
apy“®. The cross-sectional area (CSA) of the median nerve
within the carpal tunnel inlet and outlet is the parameter
of interest measured to reflect the severity of CTS?. As an
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extension to conventional US, sonoelastography (SE) has
been introduced to map the local distribution of elasticity
in biological tissues®?.

Elasticity is defined as the ability of an object to maintain
its original size and shape after being stretched or com-
pressed?. Pathologically abnormal tissue exhibits differ-
ent elastic properties than normative characteristics'".
Sonoelastic properties of peripheral nerves and other tis-
sues have been investigated in the past®!®12-19 Tn a limited
number of papers, SE has been successfully utilized for the
diagnosis of CTS, and the median nerve in patients with
CTS has been reported to be stiffer than in healthy indi-
viduals!®13-19 The beneficial utility of SE as a new way of
assessing the therapeutic outcome has also been demon-
strated after steroid injection into the carpal tunnel®'® or
following the release of the flexor retinaculum®.

At early stages, conservative approaches in the form of
splinting and nerve gliding exercises are the main thera-
peutic strategies applied in patients with mild CTS. To the
best of our knowledge, changes in the sonoelastic property
of the median nerve after such combination therapy are yet
to be examined. Therefore, with assessments based on SE
imaging, this study primarily aims to evaluate the sonoelas-
tic response of the median nerve in patients with CTS sub-
jected to splinting plus exercise regimens. It also determines
whether SE performed early on would offer any benefit in
the clinical prognosis following therapy instituted for CTS.

Materials and methods

Participants

The study was approved by the institutional ethics com-
mittee (protocol no.: 23/12/2016-E.56735). An informed
consent was obtained from all participants. The demo-
graphic variables of the patients such as age, weight, and
symptom duration were recorded. The clinical diagnosis of
CTS was based on the signs and recordings from confirma-
tive electrophysiological measurements!”. Nerve conduc-
tion was measured with electromyography using Nihon
Kohden Neuropack-S1 (Tokyo-Japan). The severity of the
disease was ranked using the GEHS Neurophysiological
Classification System'®. Patients categorized at stage 1, 2,
and 3 were included in the study, as they were ideal can-
didates for conservative therapy. The exclusion criteria
included previous surgery for CTS, injection to the carpal
tunnel, pregnancy, polyneuropathy, and conditions that can
cause CTS including diabetes mellitus, chronic inflamma-
tory disease or thyroid disease.

Thirty-five patients with CTS were eligible and recruited
into the cohort. The study was designed as a cross-over, as
the same patient was examined repetitively; initially and at
6 weeks of therapy. The assessments at pre-therapy consti-
tuted a baseline reference for comparison against the read-
ings of post-therapy. Boston Questionnaire was presented
to all patients, consisting of two parts: symptom severity

scale (Boston-S) and functional status scale (Boston-F).
Their sum produced Boston total score (Boston-T). Higher
scores indicated worse symptoms and degradation of the
functional status?.

The patients were instructed to use a hand resting splint all
day for 3 weeks, and then only at night. In addition, they were
trained in home exercises for median nerve gliding, and per-
formed the exercises in 10 repetitions and 3 times a day.

Sonoelastography procedure

The recruited patients with mild CTS were evaluated with
free-hand SE under periodic recycling by a radiologist
(YDP) working in the field for 7 years. The median nerve
was imaged using 7-12 MHz linear array probe attached to
Aplio 500 (Toshiba, Japan) ultrasound scanner. The scans
were carried out during the afternoon hours at the begin-
ning of the therapy and also at the end with a follow-up
appointment. The patient was seated, and his or her hand
with CTS was placed supine over a hard platform, while
the elbow was kept at an angle of 90 degrees. The carpal
tunnel was scanned in the transverse plane at the scaphoid-
pisiform level. The median nerve was identified by its gray
scale contrast and echogenicity. The outline border of the
nerve was manually drawn to measure the cross-sectional
area CSA (Fig. 1). Then, SE scans were performed in real-
time using a padding slab inserted between the probe and
skin surface. The slab served as a pad made of a polymer
with a fixed value of elasticity and acoustic characteris-
tics similar to biological tissues. The polymer slab and the
underlying carpal tunnel were deformed by compression-
decompression cycles via pressing the probe with force and
frequency adjusted to an appropriate range according to
the strain indicator depicted on the screen. Both static and
dynamic images were acquired optimally, and recorded
for further analysis. In the images, one region of interest
(ROI) was placed over the median nerve, and another one
of similar size over the slab (Fig. 2). The stiffness of the
median nerve was assessed by strain index (SI) that was
internally calculated by the built-in software of the scan-
ner as the ratio of the longitudinal strains averaged over

Fig. 1. Transverse view of the median nerve on conventional B-mode
ultrasonography as acquired from a 45-year-old patient. ROI
was drawn manually. The area of the median nerve (CSA)
was measured as 0.10 cm?
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Fig. 2. Transverse SE image of a median nerve acquired from
a 50-year-old female with mild CTS. SE was performed at the
scaphoid-pisiform level. Circular ROIs were placed manually

the ROIs selected within the slab pad (SP) and the median
nerve (MN), and automatically shown on the screen. The SI
measurements were repeated 5 times at different decom-
pression phases, and the resultant average was tabulated
for each individual patient.

Statistical analysis

The statistical software package SPSS Statistics for
Windows Version 17 (SPSS Inc., Chicago, IL, USA)
was used for all statistical analyses. The tabulated
data involved parameters measured pre- and post-
therapy: Boston Questionnaire, and CSA and SI mea-
surements. The Kolmogorov-Smirnov test was used to
evaluate whether the distributions of the measurements
were normal. Comparisons between the groups were
performed using Student’s t-test. One-tailed paired
Student’s t-test was used to compare the data before
and after the therapy. P-value of less than 0.05 was con-
sidered as indicating that the difference was statisti-
cally significant.

Results

The study subjects were aged 49.9 = 10.5 years, and
had BMI of 29.6 = 5.2. With respect to gender dis-
tribution, the group included 30 females (85.7%) and
5 males (14.3%). SE was performed on a total of 61
wrists. Of the patients, dominant hand involvement was
determined in 85.7%, and symptom duration was lon-
ger than a year in 80%. GEHS classification indicated
5.7% of patients as stage 1, 31.4% as stage 2 and 62.9%
as stage 3.

The data collected during the study are summarized in
Tab. 1. Boston scores assessed pre- and post-therapy are
also presented in Fig. 3. Functional and Total scores did not
show an improvement with the splint plus exercise therapy

over time. However, the patients appeared to benefit from
this combination therapy, as the difference between the
Severity scores was statistically significant. The compari-
sons of the measurements based on the US and SE images
of the median nerve are summarized in Fig. 4 and Fig. 5.
According to the data, the applied therapy did not produce
significant changes in the cross-sectional dimension of the
median nerve, but made its sonoelastic property relatively
softer.

Discussions

The present study was undertaken to examine the median
nerve stiffness when CTS was treated with conservative
approaches and the evaluation was based on SE measure-
ments. The underlying pathophysiology of CTS is believed
to be due to an increased pressure on the median nerve,
which leads to ischemic injury and focal demyelination
followed by fibrotic tissue deposition?*2??. Epineural
fibrosis under chronic compression is the main reason
for stiffer nerve in patients with CTS. Increased stiffness
decreases the nerve’s ability to return to its original shape
when compressed. Tendon and nerve gliding exercises
and splints are conservatively recommended for cases
of mild and moderate CTS®®. Exercise with active wrist
and finger motions and resting in splint improve venous
return within the median nerve bundles, and subsequently
decrease the pressure on the carpal tunnel®®. The therapy
ultimately reduces edema and indirectly prevents irre-
versible nerve damage.

In the diagnosis of CTS, gray scale US has widely been
utilized, but attempts at using high-resolution magnetic
resonance imaging also exist®>?%. Studies reported CSA of
the median nerve ranging between 0.9 and 0.12 cm?@™9,
In accordance, the measured CSA of the median nerve
with CTS was about 0.10 cm?, and it was not responsive to
the applied therapy (Fig. 4). Although the treatment strat-
egy is different in principle when corticosteroid is locally
injected to the carpal tunnel, the nerve area exhibited a
slight increase in mild cases, but a significant decrement
in moderate cases®.

We expected CSA would decrease after the therapy
because edema would regress, but this did not hap-
pen. Our data indicated softening of the median nerve
after 6 weeks of rehabilitation (Fig. 5). This confirmed

Tab. 1. Pre- and post-therapy assessments from a total of 35 patients

Baseline Splint + Exercise

Median (25%,75%) | Median (25%,75%) p
Boston-S 31.50 (27.00,40.00) 30.00 (22.25,36.50) 0.04
Boston-F 23.00 (14.25,26.50) 24.00(11.75,31.50) 0.19
Boston-T 50.50 (45.00,66.75) 40.25 (53.00,69.25) 0.32
CSA (cm?) 0.11(0.08,0.13) 0.10(0.08,0.13) 0.11
SP/MN S| 0.83(0.33,1.66) 0.69 (0.31,1.17) 0.03
Boston carpal tunnel questionnaire; S — symptom severity scale;
F — functional status scale; T - total; CSA - cross-sectional area;
SP/MN SI - slab pad/median nerve strain index
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Fig. 3. Boston Scores pre- and post-therapy. The difference between
Pre- and Post S is statistically significant (p <0.05), but F and
T are not (p >0.05)
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Fig. 4. Cross-sectional area (CSA) of the median nerves pre- and post-
-therapy. The difference is statistically insignificant (p >0.05)
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Fig. 5. Measurements of strain index (SI) pre- and post-therapy. The
difference is statistically significant (p <0.05)

that the therapeutic outcome of CTS could be evaluated
independently with SE, as validated earlier under other
conditions by other researchers®!>19, Tissue softening
may have clinical implications, as it may be indicative
of the beneficial consequences of the rehabilitation pro-
cess. More importantly, it raises the important question
of how exercise in conjunction with splint changes the
biomechanical properties of the median nerve, while
its CSA is preserved. We could explain this finding by
the ongoing pathological changes leading to structural
remodeling, such as internal fibrosis or scar tissue for-
mation within the nerve®?. Based on our data, tissue
softening arises from further prevention of the forma-
tion of epineural fibrosis by the gliding exercise rather
than the splint activity alone. The possibility of inducing
biomechanical changes via external events has impor-
tant clinical implications, as tissue softening is naturally
expected to reduce the pressure on the nerve, and this
effect would ultimately improve recovery from CTS.
However, functional improvement was unfortunately not
confirmed by other parameters (CSA and Boston scales),
and thus stands out as an enigma. Clinical response to
the therapy may be developing at a slower pace, and per-
forming the evaluation at 6 weeks may not be a sufficient
enough time frame.

The study had its limitations. Firstly, a single radiologist
performed the US evaluations and thus inter-observer vari-
ability could not be investigated. Similar studies performed
previously indicated strong inter-observer variability for
elastography, so we would expect the same finding if this
study had been done in the same manner®'>'¢. Secondly,
we evaluated median nerve stiffness but not carpal tun-
nel stiffness because our rehabilitation protocol involved
median nerve gliding exercise. Increased carpal tunnel
pressure affects not only the nerve but also the tendons.
Previous literature has revealed significant changes in
the stiffness of the carpal tunnel rather than the median
nerve®!'®. Thirdly, follow-up evaluations at further time
points were not performed, as the study was a pilot project
to explore the feasibility and merits of SE in the therapy
of CTS.

Conclusion

In conclusion, SE is capable of sensing tissue stiffness, and
it provides information on changes in the biomechanical
properties of the median nerve. SE-based measurements
can serve as an early indicator for evaluating the response
of the conservative splint plus exercise therapy in CTS than
traditional functional and symptomatic characterization of
recovery.
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