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Abstract

Purpose: The purpose of this study was to assess change and correlation of median nerve circumference, abductor pollicis brevis

muscle thickness, and hand grip strength post carpal tunnel release.

Subject: A 47-year-old woman post open carpal tunnel release was immobilized in a neutral wrist splint for six weeks then began a

progressive two-month rehabilitation program supervised by a physical therapist.

Methods: Both transverse median nerve circumference and transverse abductor pollicis brevis muscle thickness were assessed
using rehabilitative ultrasound imaging and grip strength was measured utilizing a hand-held dynamometer preoperatively and

every four weeks postoperatively for nine months.

Data analysis: Repeated measures analysis of variance evaluated median nerve circumference, abductor pollicis brevis muscle

thickness, and grip while Pearson correlation coefficient measured their relationships.

Results: Median nerve circumference showed significant reduction preoperative to month 9 (1 mm to 0.64 mm, p = 0.018), month
2to 5 (1.02 mm to 0.92mm; p = 0.034), and month 3 to 6 (1.1 mm to 0.92 mm; p = 0.037). Abductor pollicis brevis muscle thickness
significantly increased every month (1.29 cm to 1.43 cm, p = 0.001) except month 1 and 4. Grip significantly decreased preoperative
to month 1 (20.87 kg to 16.33 kg, p = 0.044) but significantly increased through month 8 (20.87 kg to 25.40 kg, p = 0.031). Large
immediate postoperative median nerve largely correlated with low grip strength (r(3)= -0.866). At month 8, small median nerve
largely correlated with high grip strength (r(3)= -0.5) and the large correlation between small median nerve and large abductor

pollicis brevis muscle thickness was significant (r(3)=-0.952, p = 0.012).

Conclusions: Slightly increased postoperative median nerve circumference and healing influenced grip and abductor pollicis brevis
muscle thickness initially but progressively improved over nine months. Gradual muscle muscle thickness hypertrophy and recovery

of grip strength post carpal tunnel release appears directly related to progressive decrease median nerve circumference.

Clinical Relevance: The patient returned to full activity and work function at 8 weeks post carpal tunnel release but continued to
exhibit strength and thenar muscle deficits that correlated to postoperative median nerve inflammation and recovery that persisted

into the eighth month.
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Abbreviations

APB: Abductor Pollicis Brevis; CTR: Carpal Tunnel Release;
CTS: Carpal Tunnel Syndrome; MT: Muscle Thickness; MN: Median
Nerve; RTUS: Real Time Ultrasound Imaging; s/p-Status Post

Introduction

The carpal tunnel is a fibro-osseous complex through which the
anterior muscles pass through the wrist. The floor is formed by the
proximal carpal bones and the roof by the transverse carpal liga-
ment (flexor retinaculum). The flexor pollicis longus tendon, four
slips of the flexor digitorum superficialis, four slips of the flexor
digitorum profundus and the median nerve (MN) also occupy this
tunnel. Inflammation of the structures inherent to the tunnel and
factors that decrease the space in the tunnel may compress or re-
strict the mobility of the median nerve creating carpal tunnel syn-
drome (CTS). This causes a compression or traction nerve injury
with neurological symptoms in the distal median nerve distribu-
tion, weakness, decreased grip and pinch strength, and atrophy of
the thenar muscles supplied by the median nerve. The abductor
pollicis brevis (APB) and opponens pollicis are two of the primary
thumb muscles supplied by the median nerve and compromised as
aresult of CTS.

Compression of the median nerve at the carpal tunnel has been
shown to produce morphological swelling and inflammation of
the nerve compared to unaffected nerves. Patients with CTS have
greater transverse, anteroposterior, and cross sectional area di-
mensions compared to controls [1,2]. Surgical intervention and
management is often required if conservative measures do not re-
lieve the symptoms. Surgical decompression involving the transec-
tion of the transverse carpal ligament is performed to increase the
volume of the carpal tunnel and relieve compression on the median
nerve. Surgical options are open carpal tunnel release (CTR) or en-

doscopic assisted carpal tunnel release.

Rehabilitative or real time ultrasound imaging (RTUS) is an
emerging technology in rehabilitative medicine to assess nerve in
response to pathology and trauma, and to measure skeletal muscle
size. Physiologically and anatomically, nerve size is correlated to
inflammation and muscle size is correlated to muscle function.
Measurements of nerve and muscle size provide indirect evidence

of functional recovery. Objective measurements to quantify the out-
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come of surgical management and progression with rehabilitation
of CTR are needed to quantify recovery [5,6]. RTUS has proved to
be an excellent imaging method to demonstrate median nerve en-
trapment in the carpal tunnel. Previous studies have shown RTUS
to be fast, efficient, reliable method with excellent specificity and
sensitivity for median nerve morphology associated with CTS [1-
4]. In addition, a decrease in the cross-sectional area of the me-
dian nerve after the release of the transverse carpal ligament has
also been shown and the cross-sectional area of the median nerve
was the only predictor of success after three months post CTR in
patients with idiopathic CTS [5,6]. A combination of objective find-
ings that include RTUS also improves the prediction after CTR [6].
Multiple studies, including systematic reviews, have concluded that
RTUS is a reliable and valid objective measure of muscle thickness,
cross-sectional area, and muscle volume in varying populations
and conditions [7-19]. RTUS is also cost-effective, non-invasive,
and safe. The purpose of this single case design clinical study was
to investigate the recovery of the median nerve and thenar muscle
morphological changes using RTUS in correlation to thenar muscle
strength post CTR.

Case Presentation

A forty-seven year old healthy female post open carpal tunnel
release was immobilized in a neutral wrist splint for 6 weeks then
began a progressive 2-month rehabilitation program supervised
by a licensed physical therapist. Transverse median nerve
circumference (Figure 1) and transverse abductor pollicis brevis
muscle thickness (MT) (Figure 2) using rehabilitative ultrasound
imaging (Figures 3 and 4) and hand grip utilizing a hand-held
dynamometer were assessed preoperatively and every 4 weeks
for 9 consecutive months. Repeated measures analysis of variance
examined MN, APB, and grip while Pearson correlation coefficient
analyzed their relationships. MN circumference showed significant
reduction preoperative to month 9 (1 mm to 0.64 mm, p = 0.018),
month 2 to 5 (1.02 mm to 0.92mm; p = 0.034), and month 3 to 6
(1.1 mm to 0.92 mm; p = 0.037). APB MT significantly increased
every month (1.29 cm to 1.43 cm, p = 0.001) except 1 and 4. Grip
significantly decreased preoperative to month 1 (20.87 kg to
16.33 kg, p = 0.044) but significantly increased through month 8
(20.87 kg to 25.40 kg, p =0.031). Large immediate postoperative
MN circumference largely correlated with low grip strength (r(3)=

-0.866). At month 8, small MN circumference largely correlated
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with high grip strength (r(3)= -0.5) as well as a large correlation

between small MN circumference and greater APB MT was

significant (r(3)=-0.952, p = 0.012).

Figure 1: Example of rehabilitative ultrasound imaging after

carpal tunnel release of median nerve at the carpal tunnel from
the Sonosite M-Turbo (Sonosite, Inc., Bothell, WA).
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Figure 3: Sample transverse image of the median nerve at

the carpal tunnel from the Sonosite M-Turbo (Sonosite, Inc.,

Bothell, WA) using a 13-6 MHz multi-frequency, broadband, 25

mm linear array in nerve optimized B mode at 1.5 cm depth.
Abbreviations: MN, median nerve; FPL, flexor pollicis longus
tendon; FDP, flexor digitorum profundus tendons; FDS, flexor

digitorum superfiscialis tendons; CAP, capitate bone.

Figure 4: Sample transverse image of the abductor pollicis

o, vl = 4 B
Figure 2: Example of rehabilitative ultrasound imaging after
carpal tunnel release of abductor pollicis brevis muscle from

the Sonosite M-Turbo (Sonosite, Inc., Bothell, WA).

brevis muscle from the Sonosite M-Turbo (Sonosite, Inc., Both-

ell, WA) using a 13-6 MHz multi-frequency, broadband, 25 mm

linear array in musculoskeletal optimized B mode at 2.2 cm
depth. Abbreviations: ABP, abductor pollicis brevis; OP,

opponens pollicis; MC, 1% metacarpal.

Discussion

Carpel tunnel syndrome is a common orthopedic pathology

afflicting numerous people. The condition is most often chronic
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with neural pressure and inflammation that creates atrophy of
hand musculature, decreased grip, and altered hand function
[2,3,6]. Decompression of the medial nerve through a carpel
tunnel release procedure is often the chosen resolution. While
acute symptoms and sensation often improve, patients recover in
varying capacities post-surgery [5,6]. Initial strength gains are due
to neural adaptation and are postulated to be due to an increase
in recruitment as well as increased rate and synchronization of
firing. Later gains in muscle function are due to hypertrophy and

hyperplasia of muscle fibers.

With carpal tunnel release, the decompressed MN is no longer
restricted by the anatomical confines of the carpal tunnel [6].
Generalized post-operative inflammation of the wrist complex is
expected post decompression and while the MN is unconstrained,
the neural healing process is time dependent [5]. Once post-
inflammation the neuromuscular

operative MN improves,

efficiently, recruitment, and strength gains progress temporally.

Post-operative CTR resolution is evident by assessing the medial
nerve circumference as a relative indicator of inflammation, muscle
thickness as an indicator of hypertrophy, and grip strength as an
indicator of function [2]. This case displayed slightly increased
postoperative median nerve circumference with subsequent
healing that influenced grip and thenar muscle thickness initially
but progressively improved over nine months in direct correlation

to decreasing MN size.

Conclusion

Gradual muscle hypertrophy and recovery of grip strength
post carpal tunnel release appears directly related to progressive
decrease median nerve inflammation and circumference. The
reported case returned to full activity and work function at eight
weeks post-operative but continued to exhibit strength gains over
time that correlated to median nerve recovery and decreasing
postoperative inflammation that persisted into the eighth month

but with continued correlated improvement.
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