
Review of Ultrasonography in the 
Diagnosis of Carpal Tunnel Syndrome
and a Proposed Scanning Protocol

arpal tunnel syndrome is the most common peripheral com-
pressive neuropathy,1 accounting for 90% of all compressive
neuropathies. It is characterized by a combination of motor,

sensory, and autonomic neurologic impairments and can clinically
manifest as intrinsic hand weakness, reduced grip strength, pain, tin-
gling, and alteration in temperature control of the wrist and hand.
The prevalence of carpal tunnel syndrome is estimated at 3.8% of
the general population,2 leading to substantial morbidity, absence
from work, and a $2 billion per year financial burden to society.3

Traditionally, the diagnosis of carpal tunnel syndrome is estab-
lished by the history and physical examination; electrodiagnostic
studies are often used for confirmation. Although electrodiagnos-
tic studies offer 85% sensitivity and 95% specificity for diagnosing
carpal tunnel syndrome,4 they are invasive and can be very uncom-
fortable for many patients. Recent technological advances in ultra-
sonography (US) have improved its image quality as well as
affordability, leading to an increased adaptation of US evaluation of
nerve entrapment syndrome and an expansive growth of literature
on the topic. Therefore, the goals of this review are as follows: (1)
to provide a basic overview of US in carpal tunnel syndrome evalu-
ation; (2) to review current literature on the diagnostic US param-
eters for carpal tunnel syndrome; (3) to compare US with
electrodiagnostic studies in correlation with clinical severity; (4) to
discuss US parameters and the prognostication of surgical out-
comes; and (5) to propose a standardized US protocol for carpal
tunnel syndrome examination.
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Carpal tunnel syndrome is the most common peripheral compressive neuropathy.
Ultrasonography (US) is an emerging technology that can be used in the diagnosis of
carpal tunnel syndrome. Although the cross-sectional area is the most studied and val-
idated measurement for carpal tunnel syndrome, there is no standardized neuromus-
cular US scanning protocol. We review the most studied neuromuscular US
characteristics and protocols in the evaluation of carpal tunnel syndrome and propose
a standardized protocol for evaluating carpal tunnel syndrome with neuromuscular US
based on current literature. 
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Overview of US for Carpal Tunnel 
Syndrome Evaluation

Ultrasonography has long been considered a suitable can-
didate for evaluation of carpal tunnel syndrome. Buchberger
et al5,6 first demonstrated that US had comparable accuracy
as magnetic resonance imaging criteria for carpal tunnel
syndrome diagnosis, including the cross-sectional area for
measuring the swelling of the median nerve in the proximal
part of the carpal tunnel, flattening of the median nerve in
the distal part of the carpal tunnel, and increased palmar
bowing of the flexor retinaculum. Their work was later
validated by Altinok et al7 using nerve conduction studies
as the reference standard. Duncan et al8 was the first 
to demonstrate that the cross-sectional area was superior to
other US parameters for detecting carpal tunnel syndrome,
and this work was further validated by Lee et al9 in 1999,
Wong et al10 in 2004, El Miedany et al11 in 2004, and Keleş
et al12 in 2005. Swen et al13 established that the carpal
tunnel inlet, at the level of pisiform, was considered the
most optimal anatomic landmark for measuring the cross-
sectional area. Although other authors have reported the
values of other US parameters, such as hypervascularity,14–17

median nerve notching,18 tissue displacement,19 and the
relationship between median nerve and carpal tunnel
sizes,20 the bulk of recent investigations have primarily
focused on evaluating the accuracy of the cross-sectional
area for carpal tunnel syndrome diagnosis.

The basis of US for carpal tunnel syndrome evaluation
reflects the underlying pathologic mechanisms. The median
nerve undergoes physiologic changes, including proximal
swelling and edema as it undergoes compression within
the carpal tunnel, which is seen on US as an increase in the
cross-sectional area and hypoechogenicity. As the median
nerve swells, it pushes outwardly against the flexor reti-
naculum, leading to bowing of the retinaculum and flat-
tening of the median nerve. In advanced carpal tunnel
syndrome, inflammation of the median nerve leads to
hypervascularization, which can be detected on color and
power Doppler imaging.

The use of US in the diagnosis of carpal tunnel syn-
drome has many advantages for both the physician and the
patient. Ultrasonography is noninvasive and allows for
improved patient comfort. It allows physicians to perform
the diagnostic examination in the office without needing
to schedule the patient for electrodiagnostic studies, thereby
facilitating timely care. A US evaluation for carpal tunnel
syndrome is less time-consuming than electrodiagnostic
studies. Additionally, US machines have become more
affordable, allowing physicians to expand their capability

and at the same time improving patient access to care.
These factors have been demonstrated in the literature,
supporting patients’ preference for US over electrodiag-
nostic studies.21 Last, US may also be useful for evaluating
rare structural causes of carpal tunnel syndrome, such as cysts,
lumbrical incursion, and other space-occupying masses.

Current Literature on the Diagnostic US
Parameters for Carpal Tunnel Syndrome

In the literature on US for carpal tunnel syndrome, sub-
stantial variability exists in the reported diagnostic cross-
sectional area values and their sensitivity and specificity.
The diagnostic cross-sectional area has been reported as
low as 6.5 mm2,22 and as high as 13 mm2,23 with sensitivity
ranging from 60%24 to 100%,25 specificity ranging from
22%26 to 100%,11 and overall accuracy ranging from 68%13

to 97.2%.27 The large range of results is secondary to the
variability in methodology, including measurement
methods and reference standards. For example, although
the measurement location for the cross-sectional area
at the level of the pisiform is the most common location,
other anatomic landmarks include the distal radioulnar
joint,7,12,23,25,28–31 radiocarpal joint,32 wrist crease,33 intra -
tunnel space,9,34 hook of the hamate,7,9,23,28,29,33,35–37 and
distal flexor retinaculum edge.24,33 The reference standards
used for validation were also variable across different
studies; whereas most authors used electrodiagnostic stud-
ies or nerve conduction studies as the reference standards,
some investigators relied on a combination of clinical
examination and nerve conduction studies6,14,28,34,36,38–40

or clinical examination alone.35 Even when electrodiagnos-
tic or nerve conduction studies were used as the reference
standards, there was substantial variability between studies
in terms of the reference ranges used and whether addi-
tional comparison testing was done.12,21–24,26,36 The vari-
ability in methodology has led to a considerable limitation
in interpreting the literature and assessing the clinical appli-
cability. Visser et al21 and Beekman and Visser41 raised the
question of how to interpret and compare the utility of US
against electrodiagnostic studies. In another review, Roll
et al32 concluded that “determining the diagnostic utility
of US has been confounded by a lack of standardization
among research methodologies/designs and variability in
evaluation and measurement protocols.”

In 2011, Fowler et al42 systematically reviewed 323
studies to determine the sensitivity and specificity of US in
the diagnosis of carpal tunnel syndrome. Nineteen articles
met criteria for further analysis and pooling of the sensi-
tivity and specificity of US based on the reference standards
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(clinical examinations, electrodiagnostic studies, or com-
bined clinical examinations and electrodiagnostic studies).
They reported sensitivity and specificity values for US of
77.3% (range, 62.1%–84.6%) and 92.8% (81.3%–100%),
respectively, for clinical examinations, 80.2% (71.3%–89.0%)
and 78.7% (66.4%–91.1%) for electrodiagnostic studies,
and 77.6% (71.6%–83.6%) and 86.8% (78.9%–94.8%) for
combined clinical and electrodiagnostic studies. No clear
cutoff value for the cross-sectional area was derived.
The authors attributed the wide variation in sensitivity and
specificity to the heterogeneity of reference standards 
and methodologies. Nevertheless, they recommended that
US might be considered as a first-line screening tool when
there is high pretest probability for carpal tunnel syndrome.

The most extensive review to date was the study by
Cartwright et al43 in 2012. The authors reviewed 121 man-
uscripts to evaluate the accuracy of the median nerve cross-
sectional area in diagnosis of carpal tunnel syndrome and
the utility of US in the diagnosis of carpal tunnel syndrome.
The American Academy of Neurology criteria were used
to grade and designate each article for its level of evidence.
That review had several important findings. First, the authors
found that the accuracy of US for carpal tunnel syndrome
diagnosis based on class I studies was comparable with
that of electrodiagnostic studies. Using a cross-sectional
area of 8.5 to 10 mm2, US had sensitivity of 65% to 97%,
specificity of 72.7% to 98%, and accuracy of 79% to 97%.
They concluded that neuromuscular US measurement of
the cross-sectional area was as accurate as electrodiagnostic
studies for carpal tunnel syndrome. They recommended
that, “if available, neuromuscular US of the median cross-
sectional area may be accurate in the diagnosis of carpal
tunnel syndrome” (level A). Second, the review of the class
II evidence with added value consistently demonstrated
the ability for US to detect underlying structural abnor-
malities such as an occult ganglion cyst,33 a bifid median
nerve,44 a persistent median artery,23 and flexor tenosyn-
ovitis and accessory muscles.45 The authors concluded that
US “probably adds value to electrodiagnostic studies when
assessing carpal tunnel syndrome for detecting anatomic
abnormalities” and recommended that “neuromuscular US
should be used to screen for structural abnormalities in the
setting of suspected carpal tunnel syndrome” (level B).

Although not part of their key recommendations, the
review by Cartwright et al43 noted the improved accuracy
of US when using the Δ cross-sectional area in the study
by Klauser et al.27 The Δ cross-sectional area is derived 
by subtracting the cross-sectional area at the level of 
the pronator quadratus from the cross-sectional area at the
inlet, reflecting the swelling of the median nerve distally.

The study by Klauser et al27 showed 92.5% sensitivity,
96.4% specificity, and 93.9% of accuracy with a Δ cross-
sectional area of greater than 4 mm2; however, that study
was specifically for patients with bifid median nerves.
Klauser et al40 had published an earlier study showing that
the use of a Δ cross-sectional area of greater than 2 mm2 in
nonbifid median nerves had similar accuracy (99% sensi-
tivity and 100% specificity). Hobson-Webb et al46 and
Mhoon et al26 later expanded on a similar concept in their
studies with the wrist-to-forearm ratio to detect carpal
tunnel syndrome based on median nerve swelling.
Although they showed that a wrist-to-forearm ratio of 1.4
or greater had very high sensitivity (97%–100%) for carpal
tunnel syndrome and a wrist-to-forearm ratio of less than
1.4 had 99% sensitivity in predicting normal electrodiag-
nostic studies, the low specificity of the wrist-to-forearm
ratio (28%) limits its use to a screening test. Given the cur-
rent wide range of diagnostic cross-sectional area values, the
Δ cross-sectional area (>2 mm2 for nonbifid median nerves
and >4 mm2 for bifid median nerves) provides the most
clinically applicable US parameter for carpal tunnel syn-
drome diagnosis.

Comparing Electrodiagnostic Studies 
and US for Carpal Tunnel Syndrome in 
Correlation With Clinical Severity 

Although there continues to be debate on the reference
standard for carpal tunnel syndrome diagnosis, electrodi-
agnostic studies provide valuable diagnostic information
that is not obtainable from a physical examination, such as
the neurophysiologic involvement of motor and sensory
nerves and their type of injury,47 surgical prognosis,48 and
outcome.49 For these reasons, electrodiagnostic studies are
commonly accepted as an important part of the carpal
tunnel syndrome workup. As the accuracy of US has been
established as equivalent to that of electrodiagnostic
studies,43 clinicians are interested in seeing whether US is
able to assess carpal tunnel syndrome severity on par with
electrodiagnostic studies.

Several studies assessing the correlation of the cross-
sectional area, electrodiagnostic findings, and the Boston
Carpal Tunnel Questionnaire (BCTQ) which is a validated
self-administered instrument that evaluates the impact of
carpal tunnel syndrome on both symptoms and hand func-
tion,50 demonstrated statistically significant correlations
between the cross-sectional area, electrophysiologic data,
clinical symptoms, and hand function. These studies included
those by Lee et al51 in 2005 and Padua et al52 in 2008.
Additionally, similar conclusions were reached by investi-
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gators using versions of the BCTQ translated into other
languages, including El Miedany et al11 in 2004 (Arabic),
Karadağ et al53 in 2010 (Turkish), and Tajika et al54 in
2013 (Japanese). Based on their findings, El Miedany et al11

recommended a carpal tunnel syndrome severity scale
based on the cross-sectional area as 10.0 to 13.0 mm2 for
mild, 13.0 to 15.0 mm2 for moderate, and greater than 15.0
mm2 for severe. Given the degrees of agreement between
the US carpal tunnel syndrome severity scale, electrophys-
iologic carpal tunnel syndrome severity scale, and BCTQ
symptom severity, Karadağ et al53 concluded that “cross-
sectional area reflects in itself the degree of nerve damage
as expressed by the clinical picture.”

Studies based on different electrophysiologic scales,
clinical scales, and US techniques also reached similar
conclusions. Kim et al55 evaluated the cross-sectional area,
flattening ratio, palmar bowing, and electrodiagnostic
study data against the electrodiagnostic severity scale of
Stevens56 and the historical-objective clinical scale57 and
found that both the cross-sectional area and palmar bow-
ing were correlated with electrodiagnostic studies and
clinical severity. In 2011, Chen et al58 introduced a novel 8-
point “inching test,” which is obtained by measuring the
median nerve cross-sectional area at 1-cm intervals for 4 cm
proximal to and 4 cm distal to the wrist crease and demon-
strated a positive correlation with nerve conduction sever-
ity and the duration of carpal tunnel syndrome clinical
symptoms. In 2012, Mohammadi et al17 reported that the
presence of color Doppler signals in the median nerve cor-
related strongly with electrodiagnostic severity. Similar
work using power and spectral Doppler US was performed
by Evans et al59 to evaluate median nerve intraneural vas-
cular flow and demonstrated an inverse correlation between
the Doppler intensity and electrodiagnostic severity.

Other investigators, however, have reached conflicting
conclusions. In 2008, Kaymak et al30 compared the ability
of US and electrodiagnostic studies to predict symptom
severity and functional status in patients with carpal tunnel
syndrome using the cross-sectional area, flattening ratio,
BCTQ, and electrodiagnostic study. Their analysis found
that the electrodiagnostic study was superior to the cross-
sectional area for symptom and function prediction; the
median nerve sensory distal latency was best as a symptom
severity predictor, whereas the motor distal latency was
best as the functional predictor. In 2008, Mondelli et al36

assessed the electrodiagnostic study and cross-sectional
area against the BCTQ and electrodiagnostic study, but
their analysis failed to detect a relationship between BCTQ
severity and both cross-sectional area and electrodiagnos-
tic severity. Most recently, in 2012, a study by Mhoon et

al26 also questioned the findings of prior investigators.
They measured the cross-sectional area and standard
electrodiagnostic study for carpal tunnel syndrome; the
historical-objective-distribution scale60 was used to meas-
ure clinical severity. The authors found that, whereas a
wrist-to-forearm ratio of less than 1.4 and cross-sectional
area of less than 9 mm2 had 99% sensitivity in predicting
normal electrodiagnostic study results, there was no sta-
tistically significant correlation between the cross-sectional
area, electrodiagnostic severity, and clinical severity.
They concluded that US was a highly sensitive screening
tool for electrodiagnostic study abnormalities, but it could
not determine the severity of carpal tunnel syndrome.

The correlation with the BCTQ is important, as the
BCTQ has been validated for prognosticating surgical
outcomes.61 It is notable that although numerous studies
supporting the correlation were based on the BCTQ, stud-
ies based on a different clinical scale did not show as strong
support as the BCTQ.26,55 Mondelli et al36 questioned the
effectiveness of the BCTQ, asking whether the BCTQ
“may be conditioned by many other factors besides severity
of carpal tunnel syndrome such as sex, education, and
presence of additional pathologies of the hand other than
carpal tunnel syndrome.” Given the supportive finding
based on novel US techniques, it can be concluded that US
can be used to determine carpal tunnel syndrome severity.
Further studies comparing different clinical scales and US
techniques will be helpful to provide further evidence.

Ultrasonographic Parameters and 
Prognostication of Surgical Outcomes

The ability to determine the surgical prognosis can help the
clinician choose appropriate management options for
patients. Individual electrodiagnostic study parameters,62–65

the combined sensory index,50 and Bland’s electrodiagnos-
tic severity scale66 have demonstrated surgical outcome prog-
nostication for carpal tunnel syndrome. Whether US
parameters could prognosticate surgical outcomes is of par-
ticular interest for physicians treating carpal tunnel syndrome.

Several studies have shown that the preoperative
cross-sectional area could prognosticate the surgical out-
come. In 2008, Mondelli et al67 assessed the cross-sectional
area at the inlet (cross-sectional area I), electrodiagnostic
severity, historical-objective scale, and BCTQ in patients
before surgery and at 1 and 6 months postoperatively.
A 5-point scale was used to assess postoperative satisfaction.
The authors found that 1 mm2 of reduction in the preoper-
ative cross-sectional area I was correlated with an increase
in the probability of patient satisfaction and improvement
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in the clinical severity scale. In 2015, El Miedany et al68

recorded the power Doppler score, cross-sectional area,
flattening ratio, Bland’s electrodiagnostic study grading
scale,66 visual analog scale, and clinical severity scale69 at
baseline, 1 week, 1 month, and 6 months after treatment in
surgical patients with carpal tunnel syndrome. The authors
reported that a baseline cross-sectional area of greater than
14.0 mm2 and a flattening ratio of greater than 2.8 were the
best predictors of a poor outcome at 6 months, and a cross-
sectional area of less than 14 mm2 and a high power
Doppler score (>2) at baseline were associated with a
better outcome at 6 months. The authors concluded that
these US parameters not only helped prognosticate the
treatment outcome but also served as biomarkers for deter-
mining treatment options. They recommended conser-
vative management for patients with a high power Doppler
score and a low cross-sectional area, whereas patients with
a high flattening ratio and a high cross-sectional area should
be considered for surgery.

There are studies that refuted the finding that US
prognosticated the surgical outcome. Naranjo et al70,71

published 2 reports in 2009 and 2010 that measured the
cross-sectional area, flattening ratio, palmar bowing, electro -
diagnostic severity, and BCTQ (Spanish version)72 at base-
line in patients with carpal tunnel syndrome who were
scheduled for surgery. The Likert scale was used at 3 months
postoperatively to assess the outcome. Both studies reported
that neither electrodiagnostic studies nor US parameters
had any predictive values for the surgical outcome. In a
similar study from 2014, Bland and Rudolfer73 reported
that the cross-sectional area alone was not a good predic-
tor of the surgical outcome, and the incorporation of other
patient variables, such as electrodiagnostic findings, BCTQ
scores, and other patient variables (duration of symptoms
and smoking history), were needed to reach an adequate
predictive value.

Although there is a question of whether the cross-
sectional area alone has any surgical prognostic value, the
literature seems to be in agreement that the use of combi-
nations of US parameters, such as the cross-sectional area
with power Doppler findings or in conjunction with patient
variables or electrodiagnostic findings, offers improved
surgical prognostication. The negative finding in the study
by Naranjo et al70 was likely secondary to the higher per-
centage of severity in their cohorts. The work by El Miedany
et al68 with power Doppler US was particularly promising,
potentially offering a novel objective method for guiding
treatment of patients with carpal tunnel syndrome for the
best outcome. Future studies may further clarify the role
of US parameters in surgical prognostication.

Emerging Novel US Techniques for Carpal
Tunnel Syndrome Evaluation

Although the most common US evaluation techniques for
carpal tunnel syndrome involve examination of the cross-
sectional area, there are novel techniques focusing on dif-
ferent aspects of US parameters for carpal tunnel syndrome
evaluation in development. One of the novel techniques is
the use of Doppler US to assess the intraneural vascularity
of the median nerve for detecting the inflammatory process
that precedes demyelination. Mallouhi et al14 examined the
use of color Doppler US in 172 wrists with electrodiag-
nostically confirmed carpal tunnel syndrome and com-
pared it with the cross-sectional area (cutoff of 11 mm2).
They found that color Doppler US was more accurate than
the cross-sectional area (95% versus 91%). Evans et al59

collected electrodiagnostic assessments and median nerve
power and spectral Doppler sonograms in 47 symptomatic
patients and 44 asymptomatic control participants.
They found an inverse relationship between intraneural
vascular flow and the severity of carpal tunnel syndrome
and suggested that the combination of spectral Doppler
US and provocative testing may assist the clinician in sort-
ing out symptomatic patients who either have negative
findings or are already at a severe stage. A critical review by
Vanderschueren et al74 concluded that Doppler US pro-
vides good specificity, sensitivity, and diagnostic accuracy
and recommended that a standardized method for pro-
viding an objective score be developed.

Another novel US technique for carpal tunnel syn-
drome is elastography. This technique measures the stiff-
ness of the tissue. Orman et al75 investigated the median
nerve changes in 74 electrodiagnostically confirmed wrists
with carpal tunnel syndrome and 45 asymptomatic wrists,
comparing the cross-sectional area and strain elastography.
They reported that the tissue strain was lower in patients
with carpal tunnel syndrome, with sensitivity of 84% to
88% and specificity of 45% to 88%. Kantarci et al76 reported
similar findings in their study comparing shear wave elas-
tography with the cross-sectional area in 60 electrodiag-
nostically confirmed wrists with carpal tunnel syndrome
and 36 control wrists. They found that not only was the
shear modulus significantly higher in the carpal tunnel syn-
drome wrists than the control wrists, but there was also a
significant difference between the shear modulus of the
severe carpal tunnel syndrome group compared with 
the moderate group. Most notably, shear wave elastogra-
phy had higher reproducibility compared to the cross-
 sectional area, and the authors recommend that it may be
considered as an adjunctive test alongside electrodiagnos-
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tic studies for carpal tunnel syndrome evaluation. Further
developments in these techniques are needed to determine
their roles in carpal tunnel syndrome evaluation.

Ultrasonographic Protocol for Carpal Tunnel
Syndrome Evaluation

The purpose of this section is to recommend the establish-
ment of a standardized protocol for carpal tunnel syndrome
evaluation to minimize variations between investigators as
well as to facilitate the implementation of US in clinical
practice. There are 6 key views: (1) distal forearm in the
transverse axis, for the baseline cross-sectional area; (2)
carpal tunnel inlet in the transverse axis; (3) tunnel to outlet
in the transverse axis, for mass lesions; (4) tunnel to outlet in
the longitudinal axis, for deformation of the median nerve;
(5) dynamic test to evaluate dynamic compression of the
median nerve; and (6) assessment of accessory structures.
With practice, this protocol can provide a comprehensive
US evaluation of the carpal tunnel in less than 90 seconds.

The cross-sectional area is obtained by using the tracing
function on the US machine by direct tracing around the
inner border of the epineurium but without weaving in
between each fascicle, essentially taking account of only the neu-
ral tissue and minimizing the influence of the epineurium.
The direct tracing method has been shown to be accurate
and reproducible77 and is better at accurately enveloping
the neural tissue than the ellipsoid method, given that the
shape of the median nerve can be quite irregular in several
locations.

General Positioning
The ideal examination position for US evaluation of carpal
tunnel syndrome is having the patient seated across the
examination table from the examiner, with the arm resting
comfortably on the table in full supination. Alternatively, it
may be more comfortable for some patients to lie prone
on the examine table with the wrist in full pronation.
A small roll of towels placed under the wrist allows 30° to
45° wrist extension, which is helpful for minimizing the
thenar eminence to allow the transducer to glide smoothly
across the carpus. Generous conduction gel use is also
helpful.

Distal Forearm in the Transverse Axis for Baseline Cross-
sectional Area
Place the transducer in the transverse axis over the distal
third of the volar forearm with the instrument adjusted to
allow sufficient tissue depth to visualize the radius, ulna,
and pronator quadratus bridging the two forearm bones.

The pronator quadratus may appear relatively hyperechoic
with well-defined muscle striations, as it is in the long axis
to the transducer. Switch to the short axis, and slide the
transducer distally until the thickest portion of the prona-
tor quadratus is in view (Figure 1). 

At this level, the median nerve resides between the flexor
digitorum superficialis and flexor digitorum profundus.
The muscle bellies of the flexor digitorum superficialis and
flexor digitorum profundus are both relatively hypoechoic,
whereas the hyperechoic tendon slips converge into each
individual flexor tendon as the transducer slides distally on
the short axis. The hypoechoic fascicles of the median nerves
are surrounded by the relatively hyperechoic epineurium,
giving it the classic “honeycomb” appearance typical of
medium- to large-caliber peripheral nerves. The baseline
cross-sectional area for Δ cross-sectional area or wrist-to-
forearm ratio calculation is measured at this level.

Tracing accurately is difficult at the pronator quadratus
level for several reasons: (1) there is dense connective
tissue near the nerve, sometimes making it difficult to dis-
tinguish from neural tissue; (2) the epineurium may appear
not to circumscribe the nerve completely; (3) a generous
amount of perineurium allows the fascicles to move rather
freely, sometimes seemingly allowing the fascicles to exit
the nerve and be misconstrued as connective tissue; and
(4) neighboring flexor tendons are in proximity to the
median nerve and potentially can confound the boundary
of the neural tissue (Figure 2). These pitfalls can be avoided
by using several techniques. Continued minute short-axis
sliding back and forth while tracking tissue movement can
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Figure 1. Transverse axis of the distal-third volar forearm at the level of

the pronator quadratus (PQ). The pronator quadratus appears mildly

hyperechoic with a clearly visible myomesium as it bridges the radius

(R) and ulna (U) in the long axis to the ultrasound beam. The flexor dig-

itorum superficialis (FDS) and flexor digitorum profundus (FDP) consti-

tute the bulk of the superficial and deep compartments, respectively,

with the median nerve (triangle) situated between the compartments.

The ulnar neurovascular bundle (UNA) can be seen at the same layer

ulnarly (iU22, L17-5 linear transducer; Philips Healthcare, Bothell, WA).
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help identify the neural tissue from surrounding connective
tissue. The tendon can be distinguished from the nerve by
changing the tilt of the transducer to accentuate the
anisotropy (Figure 3). 

Carpal Tunnel Inlet, Transverse Axis
To locate the carpal tunnel inlet, place the transducer in
the short axis and slide distally until the pisiform is in view
(Figure 4). The transverse carpal ligament appears as a
thin hyperechoic fascia extending from the pisiform.

Immediately deep to the flexor retinaculum is the median
nerve, followed by the 4 flexor digitorum superficialis
tendons and the 4 flexor digitorum profundus tendons.
The flexor pollicis longus tendon is just radial to flexor dig-
itorum superficialis tendons and ulnar to the flexor carpi
radialis. The flexor pollicis longus frequently is in a different
anisotropic window. The ulnar vascular bundle is radial to
the pisiform and superficial to the flexor retinaculum, next
to the ulnar nerve.

The median nerve undergoes several changes during
the transit from the distal forearm to the inlet; it swings
radially and then back to the midline on the transverse axis
as it migrates from between the two compartments to be
superficial to the flexor digitorum superficialis tendons.
The perineurium and epineurium also decrease in bulk
substantially, giving the median nerve the appearance of a
tightly packed hypoechoic neural bundle of fascicles.
The median nerve appears more hypoechoic here because
of the reduced amount of perineurium.

The cross-sectional area is relatively easy to measure
at the inlet. The epineurium is well defined and completely
circumscribes the neural tissue. The common technical
difficulties at this location are related to transducer manip-
ulation: (1) the transducer may have a difficult time moving
smoothly over the thenar and hypothenar eminences; and
(2) the depression at the thenar crease can lead to air gaps
and, therefore, acoustic shadowing. These issues can be over-
come by maintaining wrist extension at approximately 30° to

J Ultrasound Med 2016; 35:e11–e24 e17
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Figure 2. Tracing the median nerve for cross-sectional area. At the

pronator quadratus level, there usually is a generous amount of

perineurium separating each fascicle, making it difficult to discern the

border between the epineurium and the neural tissue. Accurate tracing

can be performed by adhering tightly to the outer border of the hypo -

echoic fascicles but without weaving into the crevices between the fas-

cicles. Repeated short-axis sliding back and forth can help identify the

neural tissue from surrounding connective tissue (LOGIQ S8, ML6-15

linear transducer; GE Healthcare, Milwaukee, WI).

Figure 3. A, The flexor tendons may be difficult to distinguish from the median nerve because of their relatively similar appearance. B, By tilting the

transducer to promote anisotropy, the tendon can be eliminated from the view and hence distinguish the median nerve (LOGIQ S8, ML6-15 lin-

ear transducer).
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40° along with a generous application of conduction gel.
However, the wrist extension places the median nerve and
flexor tendons into a curvature about the wrist, which
novice sonographers may find challenging in minimizing
the anisotropy. Keeping the flexor tendons in the proper
echo window will ensure that the transducer is perpendi-
cular to the carpal tunnel structures. The flexor tendon
anisotropy can be used to gauge the proper tilt of the trans-
ducer to the carpus; the transducer is perpendicular above
the carpus when the tendons resume the hyperechoic echo
texture. This appearance will help ensure that the cross-
sectional area is not artificially inflated by measuring it in a
vertical oblique axis.

Tunnel to Outlet, Transverse Axis, for Mass Lesions
Continue to position the transducer in the short axis and
slide distally to scan through the rest of the carpal tunnel,
until reaching the outlet of the carpal tunnel at the level of
the hook of the hamate (Figure 5). The median nerve will
gradually flatten, while the flexor tendons stay deep to the
median nerve. The muscles of the thenar and hypothenar
eminences will be superficial to the bony structures by the
time the outlet is reached. Due to the thick transverse carpal
ligament blocking of the through-transmission of the
sound beam, the anatomy will appear relatively hypo -
echoic, despite the relatively shallow depth of the anatomic
structures. Increasing the signal gain either globally or
through time-gain compensation functions is helpful.

Evaluation at this level is mostly focused on an anatomic
survey, looking for any mass-occupying lesions such as
accessory lumbricals, tenosynovitis, or occult carpal gan-
glion cysts. Measuring the cross-sectional area at this level
may be more difficult and is not advised because of the

poor sound transmission, difficulty positioning the trans-
ducer on the palm, and the epineurium frequently not
completely circumscribing the neural tissue. 

Tunnel to Outlet, Longitudinal Axis
Rotate the transducer to the longitudinal axis while keep-
ing the median nerve in view to evaluate the median nerve
longitudinally (Figure 6). The median nerve is inline with
the third metacarpal; further short-axis slide adjustments
can help in reaching the optimal alignment with the
median nerve. The extension of the wrist along with adjust-
ment in the toeing and heeling of the transducer may need
to be increased or decreased to optimize the image and
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Figure 4. Anatomy of the carpal tunnel at the inlet. The relative hyper-

echoic echo texture of the tendon serves as a good gauge of whether the

sound beam is perpendicular to the traversing structures (iU22, L17-5 linear

transducer). Arrows indicate transverse carpal ligament; asterisks, flexor

digitorum superficialis tendons; FCR, flexor carpi radialis; FPL, flexor polli-

cis longus; open triangle, ulnar nerve; plus signs, flexor digitorum profun-

dus tendons; Ps, pisiform; Sc, scaphoid; solid triangle, median nerve; and

U a/v, ulnar artery and vein.

Figure 5. Anatomy of the carpal tunnel outlet. The bony border of the

carpal tunnel is formed by the trapezium (Trp) radially and the hook of

the hamate (HH) ulnarly. The thenar (T) and hypothenar (HT) muscles

can be seen on each side. The ulnar artery (U) is slightly superficial and

radial to the hook of the hamate. The transverse carpal ligament may be

difficult to appreciate by this time. The median nerve (triangle) is nearly

entirely hypoechoic, with each individual fascicle difficult to appreciate.

The hyperechoic masses deep to the median nerve are the flexor tendons

(LOGIQ S8, ML6–15 linear transducer).

Figure 6. Longitudinal-axis view of the median nerve through the carpal

tunnel. The median nerve (triangles) is deep to the transverse carpal

ligament (TCL) and superficial to the flexor tendons (asterisks). The

capitate (C) is the most prominent carpal bone, distal to the lunate (L)

and proximal to the third metacarpal (3MC) (LOGIQ E, 12L-RS linear

transducer).
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minimize anisotropy. The anatomy here is very straight-
forward; the median nerve is the most superficial structure,
just deep to the palmar subcutaneous tissues and superfi-
cial to the flexor tendons. Entrapment may be shown as
notching of the median nerve.18 Assess for compression by
evaluating any changes in the caliber of the median nerve,
and survey the carpal tunnel for any space-occupying masses
such as lipomas, ganglion cysts, or accessory lumbricals by
a short-axis slide across the entire carpal tunnel width. 

Dynamic Examinations
Several dynamic examinations have been described in the
literature for assessing structures that may intrude into 
the carpal tunnel with movement and cause temporary
compression of the median nerve.78 Although they have
not been validated by any studies, they may play a role in
evaluating atypical carpal tunnel syndrome and failed
carpal tunnel release. 

Thenar Digital Flexion Stress Test
This test is performed in both longitudinal and transverse
axes.18 To perform the long-axis view, maintain the longi-
tudinal view of the median nerve in the carpal tunnel.
A small object such as a towel roll or gauze roll is placed in
the hand for the patient to squeeze (Figure 7). The patient
is instructed to apply a gentle squeeze between the thumb,
index finger, and middle finger while the examiner observes
any dynamic changes of the caliber of the median nerve from
compression of the flexor tendon underneath. The third
carpometacarpal joint, just distal to the capitate, is the most
common location of median nerve compression. A change

of 40% in diameter has been shown in abnormal nerves
(Figure 8).18

The short-axis view of the thenar digital flexion stress
test is also called the “open-mouth view.” The patient con-
tinues to hold onto the small object while the wrist is placed
into mild hyperextension, and the transducer is placed in
the transverse axis over the midtunnel region (Figure 9).
The thenar muscles should be in view as the median nerve
is visualized in the mid to distal tunnel region. On active
squeezing of the hand, the excursion of the normal median
nerve away from the flexor tendons is expected; a positive
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Figure 7 .Position for the thenar digital flexion stress test. An object is

placed in the hand of the patient while the transducer is maintained over

the median nerve in the long axis. Only gentle pressure is required.

Figure 8. Digital flexion stress test in the longitudinal axis. The median

nerve is normally aligned with the third metacarpal (3MC), which is just

distal to the capitate (Cap). On active stress, observe the third car-

pometacarpal joint (asterisk) for narrowing of the median nerve. This

image shows a normal test result (LOGIQ E, 12L-RS linear transducer).

Figure 9. Thenar digital flexion stress test position in the transverse axis.

Note the slight tilt of the transducer to image into the carpal tunnel. 
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result is noted by median nerve flattening due to com-
pression by the flexor tendon(Figure 10). Such a finding
may be consistent with the theory of fibrous fixation of the
median nerve within the carpal tunnel.79,80

Flexor Digitorum Superficialis Intrusion Test
The muscle bellies of the flexor digitorum superficialis and
flexor digitorum profundus remain robust through the
distal wrist and may enter the carpal tunnel with hyperex-
tension of the wrist and contribute to the compression of
the median nerve. To assess for flexor digitorum superfi-
cialis intrusion, the transducer is placed in the transverse

axis over the carpal tunnel inlet, and the wrist and fingers
are passively hyperextended. The presence of an enlarging
hypoechoic mass during the maneuver is consistent with
pulling of the flexor digitorum superficialis muscle belly
into the carpal tunnel. It can be difficult to maintain a
proper echo window as the wrist becomes hyperextended,
leading to misinterpretation of the tendons as muscles due
to anisotropy (Figure 11). Taking care to maintain the
hyperechoic texture of the tendons will avoid this pitfall.

Lumbrical Intrusion Test
Similar to the flexor digitorum superficialis, lumbricals may

Chen et al—Ultrasonography in the Diagnosis of Carpal Tunnel Syndrome
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Figure 10. A and B, Short-axis views of the thenar digital flexion stress test. The median flattening is notable by comparing relaxed (A) and stressed

(B) views (LOGIQ E, 12L-RS linear transducer).

Figure 11. Flexor digitorum superficialis intrusion test. A, Transverse-axis view of the carpal tunnel with the wrist and fingers in the normal position.

B, On passive extension of the wrist and fingers, the flexor digitorum superficialis (asterisk) enters the tunnel, appearing as a hypoechoic mass

(LOGIQ E, 12L-RS linear transducer).
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also enter the carpal tunnel, in this case by flexion of the
fingers. To perform the lumbrical intrusion test, the trans-
ducer is placed in the transverse axis over the carpal tunnel
inlet, and the patient is instructed to actively form a fist
(Figure 12). The wrist may remain in a neutral position.
The emergence of a hypoechoic mass is consistent with
entrance of lumbricals into the carpal tunnel (Figure 13).
The use of anisotropy can help differentiate the tendons
from the muscles. 

Summary
This protocol can provide a quick and dynamic assessment
for carpal tunnel syndrome. The basic US measurements
are built into the parameters, and additional US measure-
ments such as power Doppler indices, the flattening ratio,
and the bowing ratio, as indicated. The dynamic examina-
tions can help determine potential causes of atypical carpal

tunnel syndrome and failed carpal tunnel release. With
practice, this protocol can be quickly executed within 90
seconds. Adoption of this protocol can facilitate standard-
ization of evaluation processes for both clinical and
research evaluations.

Conclusions

As the use of US becomes increasingly recognized, under-
standing its proper clinical application and interpretation
will give physicians additional tools to evaluate carpal tun-
nel syndrome. Determining the utility of US in the diag-
nosis of carpal tunnel syndrome has proven challenging,
given the lack of standardization among research method-
ologies and the variability in measurement protocols.
Ultrasonography is as accurate as electrodiagnostic studies
for carpal tunnel syndrome diagnosis. Given its increasing
availability, factors of patient comfort and preference, as
well as its ability to predict electrodiagnostic outcomes,
US should be considered a first-line screening tool when
available. It can help detect the presence of anatomic
anomalies that may contribute to therapeutic planning.

Although many variations in measurement locations
have been proposed, the most commonly measured loca-
tion is the pisiform, and the cross-sectional area is the most
studied and validated measurement parameter. As the
most optimal diagnostic cross-sectional area value has not
been conclusively established, a cross-sectional area of
greater than 14 mm2 can be used to rule in carpal tunnel
syndrome, and a value of less than 8 mm2 can be used to
rule it out. The use of a Δ cross-sectional area of greater
than 2 mm2 in a nonbifid median nerve and greater than
4 mm2 in a bifid median nerve allows simple clinical imple-
mentation of US with high diagnostic accuracy. A wrist-to-

Figure 12. Lumbrical intrusion test position. 

Figure 13. Lumbrical intrusion test. A, Normal carpal tunnel in the transverse axis at the inlet, with relaxed fingers. B, When the patient is asked to make

a fist, the hypoechoic mass of lumbrical (plus sign) enters the carpal tunnel, displacing the median nerve (triangles) and the flexor tendons (aster-

isks) (LOGIQ E, 12L-RS linear transducer).
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forearm ratio of less than 1.4 has 99% sensitivity in pre-
dicting normal electrodiagnostic results and may be con-
sidered part of the screening test. The literature supports
the correlation between the cross-sectional area, electro-
diagnostic severity, and clinical severity in symptoms and
function. The use of multiple US parameters is supported
by the literature to prognosticate the postoperative out-
come and may be helpful in determining the optimal ther-
apeutic approach. Emerging US techniques for carpal
tunnel syndrome evaluation include Doppler US and elas-
tography, and further studies are needed to define their
roles. Last, we have proposed a standardized protocol for
carpal tunnel syndrome evaluation to help reduce the vari-
ability in future studies and to facilitate the ready imple-
mentation of US evaluation in the clinical setting.

The use of US for carpal tunnel syndrome diagnosis is
becoming more common. Future research should focus
on a large population-based prospective study with a stan-
dardized US protocol and reference standards, with mul-
tiple validated instruments for clinical, electrophysiologic,
and US severity. New and promising US techniques for
carpal tunnel syndrome are emerging rapidly. Physicians
need to stay abreast of developments to maximize the tech-
nology and improve patient care. 
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