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The carpal tunnel is a fibro-osseous canal at the wrist that is formed by the retinaculum
and bony structures. The superficial border is composed of the flexor retinaculum, the
floor of the tunnel is formed by the carpal bones, the medial (ulnar) border by the
hamate, and the lateral (radial) border by the trapezium. Contents that originate in the
forearm and run distally through the carpal tunnel include the finger and thumb flexors
and the median nerve. Carpal tunnel syndrome, when the median nerve becomes
compressed or entrapped, occurs due to various issues that will be discussed in this
paper.

Diagnostic musculoskeletal ultrasound (MSKUS) offers a portable, real-time, and
cost-effective alternative that is gaining traction in rehabilitation and sports medicine
settings. MSKUS has emerged as a valuable, non-invasive imaging modality for
evaluating the size of the carpal tunnel and median nerve at the level of the wrist.
MSKUS is excellent at detecting changes in carpal tunnel size, median nerve composition,
thickness, and continuity. This manuscript will review the utility of MSKUS in evaluating
carpal tunnel syndrome, including anatomy, common injury mechanisms, sonographic
techniques, and clinical implications for those in the rehabilitation profession. Due to
the confined area within the carpal tunnel and the number of structures that traverse
through it, it is a very common site of pathology and symptoms. With a proper medical
history and clinical examination, diagnosis is straightforward for this pathology. By
integrating MSKUS into clinical practice, providers can improve the accuracy of
diagnosis, enhance diagnostic confidence, monitor healing progression, and guide
rehabilitation strategies to optimal patient outcomes for those with carpal tunnel overuse
or injury.

or soft tissue tumors.# The diagnosis is made via a com-
prehensive subjective medical history, description of symp-
toms, and clinical examination. Symptoms include numb-
ness and impaired sensation in the sensory distribution of
the median nerve; nocturnal numbness, tingling, and pain;
thenar muscle atrophy if chronic; and occasional swelling
on the volar side of the wrist. Electrophysiological testing
may be useful to determine the severity of nerve injury.

INTRODUCTION

Carpal tunnel syndrome is the most frequent compressive
neuropathy that is treated by healthcare professionals.!
This condition accounts for 90% of the peripheral entrap-
ments yet affects only 5% of the population.23 Paresthesia,
motor loss, and atrophy of the thenar muscles, and sensory
loss in the median nerve distribution are the clinical signs
and symptoms. Without a timely diagnosis, morbidity from
this condition can have serious consequences. Chronic
compression of the median nerve can cause irreversible
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damage, resulting in muscle atrophy, weakness, or total
loss of sensation. Numerous causes of carpal tunnel syn-
drome exist and include malunion following fractures,
rheumatic synovitis, amyloidosis, diabetes, pregnancy, and

The carpal tunnel is a narrow fibro-osseous canal at the
wrist that is formed by the retinaculum and bony struc-
tures. The superficial border is composed of the flexor reti-
naculum, the floor of the tunnel is formed by the carpal
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bones, the medial (ulnar) border by the hamate, and the lat-
eral (radial) border by the trapezium. Contents that orig-
inate in the forearm and run distally through the carpal
tunnel include the nine finger and thumb flexors and the
median nerve. Carpal tunnel syndrome occurs when the
median nerve is compressed or entrapped within the carpal
tunnel, causing symptoms.

THE ROLE OF MSK ULTRASOUND IN THE
RADIOCARPAL JOINT

ADVANTAGES

* Non-Invasive: MSKUS is a non-invasive imaging
technique that can be used on a variety of soft tissue
pathologies, including those at the carpal tunnel.

« Real-Time Imaging: MSKUS allows evaluation of the
carpal tunnel and its contents, and can be performed
statically or during dynamic motion of wrist and fore-
arm movement.

» High-Resolution Visualization: Sonographic assess-
ment provides detailed images of the size and shape
of the carpal tunnel, the diameter of the median
nerve, and the thickness of the flexor tendons that
run through the carpal tunnel.

e Accessibility and Cost-Effectiveness: MSKUS is
portable, widely available, and less expensive than
magnetic resonance imaging (MRI).

» Accuracy: MSKUS has a combined sensitivity of 86%
to 88% and specificity of 84% for cross-sectional area
measurements of the median nerve at the carpal tun-
nel inlet.5©

+ Reliability: Sonographic assessment of median nerve
volume demonstrates great reliability with ICC values
of 0.90.7

LIMITATIONS

» Operator Dependency: MSKUS requires skill and ex-
perience for accurate interpretation of findings. The
ability to sonograph the carpal tunnel is largely in-
fluenced by the operator and by the availability and
technical considerations of state-of-the-art equip-
ment.

e Depth Limitations: Visualization is usually not a
problem for the carpal tunnel due to its superficial lo-
cation on the volar wrist.

» Artifacts and Shadows: Bone and calcifications may
create image artifacts, requiring adjustments in probe
positioning and frequency.

SONOGRAPHIC TECHNIQUE FOR EVALUATING
THE CARPAL TUNNEL

EQUIPMENT SETUP

+ Transducer Type: Because of the superficial nature of
the carpal tunnel, a standard high-frequency, linear
array transducer is normally used.

» Patient Positioning: The patient’s forearm and wrist
are placed in a supinated position with the dorsal
forearm on the table. The transducer can be easily
placed in either the long axis (LAX) or the short axis
(SAX) to visualize the contents of the carpal tunnel.
In the SAX view, the pisiform can be used as a bony
landmark for the starting position of the medial side
of the wrist. The transducer is placed in SAX across
the wrist. Once the median nerve is found in the SAX
view, the transducer can be rotated 90 degrees to the
LAX view of the median nerve.

* Dynamic Assessment: Dynamic movements of wrist
flexion and extension can be used to visualize tendon
and nerve excursion in the carpal tunnel.

EXAMINATION PROTOCOL

NORMAL SONOGRAPHIC APPEARANCE

» When viewing images in SAX, the median nerve is
easily seen as a honeycomb structure surrounded by
a hyperechoic epineurium.

PATHOLOGIC FINDINGS IN INJURED CARPAL TUNNEL

« Swelling or thickening of the median nerve. The
cross-sectional area of the median nerve at the level
of the pisiform is normally 10 mm2.8 In a separate
analysis of various locations from 74 studies, it was
shown that a mean pooled cross-sectional area of the
median nerve is 8.3 mm? at the wrist, 6.4 mm? at the
forearm, and 8.3 mm? at the upper arm.® In those
with carpel tunnel syndrome, the cross-sectional area
jumps to 16.8 mm?2.10

» Flattening of the median nerve can be seen at the
compression site at the flexor retinaculum. One can
find the median nerve stenosis rate, which is the ratio
of the minimum to the maximum anteroposterior di-
ameter. The median nerve stenosis rate is 41.8% of
those with carpal tunnel syndrome compared to
17.4% of those without.!1

e It is not uncommon for the nerve to have an hour-
glass appearance due to swelling both proximal and
distal to the area of compression. This is known as
the “notch” sign.12.13

» Other structural findings can be viewed including
“bowing” of the flexor retinaculum, swelling from
tenosynovitis of the flexor tendons, ganglion cysts
and other space-occupying lesions.l4

CLINICAL IMPLICATIONS FOR REHABILITATION
PROVIDERS

MSKUS provides real-time feedback for rehabilitation pro-
fessionals, facilitating early diagnosis of median nerve
compression and determining the need for intervention.
Key applications include:

» Early Detection of Injury / Accurate Injury Grading:
MSKUS can quickly examine swelling, thickening, or
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compression of the median nerve, and this assess-
ment can help guide treatment planning.

» Dynamic Functional Testing: Rehabilitation profes-
sionals can use MSKUS during active movements of
the wrist and forearm to assess functional movement
on nerve compression and nerve mobility or assess
limited nerve mobility.

e Guided Interventions: MSKUS imaging assists in dry
needling and precision-guided injections, such as
corticosteroids for inflammation.

o Patient Education: Real-time imaging with MSKUS
serves as a visual aid to explain the nature of the in-
jury and set realistic expectations for recovery.

LIMITATIONS AND CHALLENGES

Due to its superficial nature, the median nerve is easily vi-
sualized within the carpal tunnel. Evaluation of the median
nerve can be done very expediently with MSKUS. This can
be done actively in the office, at much lower cost than other
imaging modalities, and pathologic findings can often be
seen.

CONCLUSION

The integration of MSKUS into physical therapy practice
gives therapists an advantage in evaluating carpal tunnel
syndrome. By providing real-time, non-invasive visualiza-
tion of the carpal tunnel, the median nerve, and surround-
ing tissues, MSKUS can help enhance clinical decision-
making beyond what a traditional examination alone can
offer. It allows physical therapists to more accurately iden-
tify swelling, observe actual structural changes, monitor
progression, and tailor interventions with greater overall
precision. These enhancements to practice ultimately im-
prove the outcomes for individuals experiencing carpal tun-
nel syndrome.
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APPENDIX

CARPAL TUNNEL

Figure 1. (A) Patient Positioning for Viewing Median
Nerve in the Carpal Tunnel. (B-C) Transducer
Placement over the Carpal Tunnel in Short Axis View
(SAX). (D) Transducer Placement over the Carpal
Tunnel in Long Axis View (LAX)

(A) For imaging the carpal tunnel, the patient should be seated comfortably in a chair
facing the examiner. The forearm is positioned in supination with the palm facing up-
ward and the dorsum of the hand resting on the examination table.

(B-C) To obtain a SAX view, place the transducer transversely across the proximal carpal
tunnel, aligning it between the pisiform and scaphoid bones, Figure 1B. Gentle toggling
of the transducer during scanning improves image quality by minimizing anisotropy and
enhances differentiation of the median nerve from the surrounding flexor tendons. Mov-
ing the transducer slightly distally will allow viewing of the carpal tunnel outlet, Figure
1C. For the outlet view, the transducer is placed over the hook of the hamate and the
trapezium tubercle.

(D) To obtain a LAX view, place the transducer in a longitudinal plane over the proximal
and distal carpal tunnel in line with the median nerve. Gentle toggling of the transducer
during scanning improves image quality by minimizing anisotropy and enhances differ-

entiation of the median nerve from the surrounding flexor tendons.

NORMAL MEDIAN NERVE IN SHORT AXIS AT THE
CARPAL TUNNEL INLET

Flexor Carpi Uinagjs

Scaphoid

2B

Lunate

Figures 2A and 2B. SAX of Median Nerve at the Carpal
Tunnel Inlet

‘When performing a SAX view in ultrasound, Figure 1B, it is often helpful to begin by
identifying key bony acoustic landmarks. In this case, start by locating the carpal tunnel
inlet after visualizing the median nerve. The median nerve is distinguished by its char-
acteristic honeycomb appearance, displaying darker fascicles interspersed with connec-
tive tissue. This architecture contrasts with the surrounding flexor tendons, which ex-
hibit a finer, more fibular texture. To further differentiate the median nerve from nearby
structures, we utilize a technique called toggling the transducer allowing for a subtle
rocking motion. Tendons are anisotropic, meaning their echogenicity changes with the
angle of insonation; they may appear brighter or darker as the transducer angle shifts. In
contrast, the median nerve maintains a more consistent appearance regardless of angle,
aiding in its identification. At the carpal tunnel inlet, we observe the rounded dome of
the pisiform on the ulnar side and the curved surface of the scaphoid on the radial side.
This is commonly the region where the median nerve shows its greatest cross-sectional
area. The transverse carpal ligament forms the roof of the tunnel at this level. Adjacent
to the pisiform, we also see the ulnar nerve and ulnar artery, which course through the
ulnar tunnel (Guyon’s canal). This canal is formed by the floor of the transverse carpal
ligament and contains these neurovascular structures.

NORMAL MEDIAN NERVE IN SAX AT THE CARPAL
TUNNEL OUTLET

Capitate

Figures 3A and 3B. SAX View of Median Nerve at the
Carpal Tunnel Outlet

To view the median nerve in SAX as it exits the carpal tunnel, Figure 1C, continue scan-
ning distally from the carpal tunnel inlet and the pisiform gradually disappears from
view and is replaced by the hook of the hamate, marking the carpal tunnel outlet. This
distal region is the most common site of median nerve entrapment. At this level, the
transverse carpal ligament is often thicker, contributing to potential compression of the
median nerve.
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NORMAL MEDIAN NERVE IN LAX VIEW AT THE CARPAL
TUNNEL

Figures 4A and 4B. LAX View of Median Nerve at the
Carpal Tunnel

For a LAX view of the median nerve, Figure 1D, the transducer is placed into a longitudi-
nal over the carpel tunnel. In this view, the median nerve appears superficial, lying
above the flexor digitorum superficialis and flexor digitorum profundus tendons. The
median nerve is easily recognized by its fascicular architecture, which remains distinct
in this orientation. This scanning plane provides a clear view of the carpal tunnel space,
and you may gently mobilize the flexor tendons to observe their movement. While both
the tendons and the median nerve exhibit excursion during finger motion, the median
nerve displays less excursion compared to the tendons beneath it. This dynamic obser-
vation is a helpful method for evaluating median nerve mobility and for identifying
structures within the carpal tunnel.

PATHOLOGY: CARPAL TUNNEL SYNDROME

Figure 5A. SAX View of Median Nerve in the Carpal
Tunnel

Ultrasound features of carpal tunnel syndrome include a hypoechoic, thickened median
nerve with loss of the normal “honeycomb” fascicular pattern. Cross-sectional area
thresholds aid diagnosis: <8 mm? is normal, 8—12 mm? is borderline, and >12 mm? is ab-
normal. A CSA increase of >2mm? from the forearm (pronator quadratus level) to the
wrist carpal tunnel is 100% specific for carpal tunnel syndrome. In Figure 5A, the cir-
cumference measures 10 mm?.

Figure 6A. LAX View of Median Nerve in the Carpal
Tunnel.

In diagnostic ultrasound of the median nerve at the wrist, the “notch sign” highlighted
above with the yellow arrow refers to a key finding observed in the LAX view in cases of
carpal tunnel syndrome. As the median nerve approaches the proximal carpal tunnel, it
typically appears thickened and hypoechoic, reflecting early swelling due to compres-
sion. At the level of the flexor retinaculum, the nerve then abruptly flattens, creating a
distinct “notch” or step-off in its contour. This change in shape of being thickened prox-
imally and flattened distally is known as the notch sign and is a hallmark of median
nerve entrapment at the carpal tunnel inlet. This finding is often seen in conjunction
with other sonographic features such as volar bowing of the flexor retinaculum and an
increased cross-sectional area of the median nerve in the transverse view. The notch
sign provides visual confirmation of mechanical compression and supports the clinical
diagnosis of carpal tunnel syndrome.
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