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With an incidence of one to three subjects per one 
thousand, carpal tunnel syndrome (CTS) is the 
most frequent of compression neuropathies [1]. It 
typically develops in individuals of 45–60 years 
of age and is more frequent in women compared 
with men. Clinical presentation and patient his-
tory are quite characteristic: typically patients 
report that their hands fall asleep or that things 
slip from their fingers without them noticing. 
Numbness and tingling sensations in the first 
to third finger and the radial half of the fourth 
finger are characteristic findings. Symptoms 
may be intermittent, occur with certain activi-
ties or awaken the patient from sleep. The latter 
is a quite frequent finding and the disturbing 
sensations of CTS often show an early morning 
maximum. Often symptoms may be relieved by 
vigorously shaking the hand or wrist. Pain in 
CTS is typically of an aching nature and extends 
into the radial forearm. Weakness and loss of 
grip may occur, but often motor impairment is 
primarily caused by loss of sensory feedback.

With careful history taking and some simple 
clinical function tests – such as Phalen’s maneu-
ver (there is a variety of other provocative maneu-
vers, but they proved less reliable) – a neurologist 
or family physician may arrive at a definite diag-
nosis of CTS in more than 80% of cases [1]. In 
this regard the use of additional CTS-scores has 
to be mentioned: the concept of clinical ques-
tionnaires for CTS-diagnosis is not essentially 
new. In 1993 Levine and colleagues introduced 
the ‘CTS severity instrument’ to grade subjec-
tive severity and functional impairment [2]. Later 
this concept underwent various amendments and 
changes, but even with the use of sophisticated 

methods, such as regression ana lysis or artifi-
cial neural networking, scoring systems achieve 
sensitivity of no more than 88% and specificity 
of 50% in predicting abnormal median nerve 
conduction [3]. So while a patients’ history and 
symptoms may be quite characteristic, there is no 
definitve method to diagnose a patient of having 
‘true’ CTS based on clinical examination. There 
is ample evidence in the literature of failed CTS 
treatment, showing that the initial diagnosis of 
CTS was incorrect: only later it became obvious 
that the patients had polyneuropathy, ulnar nerve 
lesions, cervical radiculopathy, rheumatological 
disorders, multiple sclerosis, syringomyelia or 
motor neuron disease [4]. Because of this sub-
stantial overlap, even the typical patient does, on 
the one hand, need further work-up to rule out 
diseases other than primary CTS. On the other 
hand, any additional modality used in the work-
up of CTS must yield a higher diagnostic sensi-
tivity and specificity than clinical neurological 
examination (i.e., closer to 100%). This leads us 
to the first important question: why sonography 
of CTS?

Why sonography of CTS?
Since its first description, CTS was long con-
sidered to be a relatively straightforward diag-
nosis. Ongoing research in recent years has 
provided us with new insights into the disease 
and today it is clear that CTS is anything but 
simple; it is a complex and diverse condition. 
In principle we have to differentiate so-called 
idiopathic CTS from a variety of local condi-
tions with secondary, external compression of 
the median nerve: swelling of flexor tendons in 
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tenosynovitis, ganglia or other tumors, acces-
sory muscle tissue and even vascular anoma-
lies (a persistent median artery, aneurysms or 
vascular malformations) may result in reduced 
space inside the carpal tunnel and lead to symp-
toms quite similar to those of idiopathic CTS 
(Figure 1–4). Needless to say, these conditions are 
rarely diagnosed based on clinical or neurologi-
cal examination, or with electrophysiological 
testing. This does not mean that there is no 
value in clinical functional testing or neuro-
physiology regarding the work-up of a patient 
suspected of having CTS, but still both meth-
ods and any combination of the two do not 
represent an accepted gold standard for CTS 
diagnosis. Nerve-conduction studies are help-
ful for definition of the site and extent of dam-
age (i.e., conduction slowing) along the course 
of a nerve: this is especially important in the 
discrimination of a localized problem such as 
CTS and generalized peripheral neuropathies, 
or nerve entrapment at another site (i.e., at the 
elbow). Neural conduction studies also provide 
a means to measure the severity of nerve dam-
age, which is especially valuable for follow-up 
examinations during treatment. However, neu-
rophysiological testing – like any other medical 
test – is less than 100% accurate.

High-resolution ultrasonography has proven 
its ability for imaging of very small musculo-
skeletal structures and especially for imaging 
the peripheral nerve. It is readily available, cost 
effective and less invasive compared with elec-
trophysiological testing and other imaging tech-
niques, such as MRI. We will discuss the typical 
sonographic features of idiopathic CTS later in 
this article, but the potential of sonography to 
definitely rule out external compression of the 
median nerve (i.e., secondary CTS) is one of the 
main reasons why we should perform sonography 
in every patient suspected of having CTS – espe-
cially in the case of atypical or inconclusive symp-
toms. For the clinical radiologist and the sonog-
rapher alike the sonographic diagnosis of lesions 
like ganglia or tenosynovitis is straightforward 
and typical examples of such lesions resulting in 
secondary CTS are provided in Figures 1 & 2. The 
typical sonographic features of CTS – changes in 
the appearance of the median nerve and the car-
pal tunnel as a whole – however, are still less well 
known. To understand these direct signs of CTS 
we have to remind ourselves of normal median 
nerve ultrastructure and the pathophysiology of 
carpal tunnel disease.

Median nerve ultrastructure 
& sonographic correlation
Like any peripheral nerve, the median nerve con-
sists of multiple axons, which are grouped into 
so-called fascicles surrounded by a dense peri-
neurial sheath [5]. Multiple fascicles interspersed 
by loose connective and adipose tissue combine 
into an individual peripheral nerve surrounded 
by an outermost sheath of epineurium. The 
number of fascicles in an individual nerve varies 
and ranges from one to 100. With current clini-
cal sonographic equipment we cannot see indi-
vidual axons; the smallest structure resolved is 
the fascicle (Figure 5A). Since the work of Silvestri 
et al. we know that the sonographic presentation 
of a peripheral nerve correlates nicely with nerve 
ultrastructure [6]. As nerve fascicles are continu-
ous, the sonographic appearance of a nerve is 
quite distinct: on longitudinal scans hypoechoic 
tubular elements represent single fascicles. Tiny 
hyperechoic layers divide one fascicle from the 
other and a somewhat thicker hyperechoic sur-
face (i.e., the outer epineurium separates the 
nerve as a whole from its surroundings; Figure 5B). 
On cross-section the nerve consequently exhibits 
a honey comb appearance with tiny hypoechoic 
dots (the fascicles) interspersed and surrounded 
by a meshwork of hyperechoic connective tissue 
(the peri- and epi-neurium;Figure 5A & B).

Figure 1. Transverse sonogram in a patient 
with clinical evidence of mild carpal tunnel 
syndrome. A large eccentric space occupying 
fluid-filled ganglion is seen (arrowheads) 
abutting the flexor tendons and dislocating the 
median nerve (arrow).

Figure 2. Transverse sonogram through the 
distal carpal tunnel in a patient with 
secondary carpal tunnel syndrome. Marked 
hypoechoic fluid collections (small arrows) are 
seen between the mildly swollen flexor tendons 
diagnostic of tendovaginitis. The median nerve 
is flattened (arrowheads).
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Pathophysiology of carpal tunnel 
disease
Peripheral nerves are vascularized structures 
with a surface epineurial and internal intra- and 
inter-fascicular vascular plexus [7]. These vascu-
lar plexuses are interconnected by oblique and 
transverse connections along the course of the 
nerve [8]. According to the current state of nerve 
research the leading hypothesis considers these 
vascular structures the responsible mechanism 
for CTS [9]. Vascular changes in CTS occur in 
three stages: stage I venous congestion, stage II 
nerve edema resulting from an anoxic damage to 
the capillary endothelium and stage III impair-
ment of both venous and arterial blood supply. 
Compression of a nerve, such as the median 
nerve, results in a localized circulatory distur-
bance with collapse of the blood–nerve barrier 
[10]. A resulting increase of the endoneurial fluid 
pressure causes a swelling of the nerve and at 
the same time further impairs local blood flow. 
Current research shows that this also affects the 
axonal excitability of the nerve [11].

Direct sonographic signs of CTS
According to the aforementioned pathophysi-
ologic concept of CTS, median nerve compres-
sion causes changes of nerve caliber: at the site of 
maximum nerve compression the nerve gets flat-
tened and above this region it is swollen because 
of vasocongestion with increase in endoneurial 
fluid and localized edema. This change in nerve 
size has long been used as a single measure for 
the sonographic definition of CTS [12–15]. 
Buchberger et al. [16] were the first to describe 
the use of four distinct measurements for the 
diagnosis of CTS: 

 � Increased flattening ratio of the median nerve 
measured at the level of the hook of the hamate 
(Figure 6A & B); 

 � Increased cross-section area at the level of the 
pisiform bone (Figure 7) and to a lesser extent at 
the level of the hook of the hamate; 

 � Significantly increased cross-section area at 
the level of the pisiform bone compared with 
the cross-section area at the level of the distal 
radius;

 � Signif icant bowing of the retinaculum 
(Figure 8) [16]. 

The cross-sectional area of the median nerve is 
easily measured with state-of-the-art ultrasound 
equipment by use of a continuous boundary 
trace or ellipsoid calculation and its value for the 
diagnosis of CTS has been subject of thorough 

clinical investigation. Duncan et al. reported 
good reproducibility of the measurement [13], 
which was later confirmed by Nakamichi et al. 
who found good intraobserver agreement [17]; 
interobserver agreement, however, was not tested 
in this study. There is some debate regarding 
where to measure the median nerve, with some 
investigators advocating measurement of the 
nerve at the level of the pisiform bone [13], some 
under the proximal edge of the retinaculum 
(i.e., the carpal tunnel inlet) [18,19], while others 
suggest at the level of the maximum cross-section 
area along the carpal tunnel [20]. Depending on 
the aforementioned pathophysiological concept 
the last technique makes sense: the maximum 
vascular changes occur at the level of nerve com-
pression, with perfusion impairment tapering 
some centimeters above and below the level of 
compression. Therefore, we recommend taking 
cross-section measurements at the level of maxi-
mum median nerve swelling independent of its 
location along the carpal tunnel (Figure 9A & B). 
In a prospective age-matched case–control study 
Wong et al. defined a single cross-sectional mea-
surement at the carpal tunnel inlet the most 
useful criterion to diagnose CTS with a diag-
nostic value approaching that of electrophysi-
ological testing [19]. The problem with such a 
single measurement, however, is the disregard of 
interindividual differences of nerve size among 

Figure 3. Transverse sonogram through the 
carpal tunnel demonstrating bifid median 
nerve (arrowheads) and persisting median 
artery (arrow).

Figure 4. A thrombosed median artery 
(arrow) is noted between the fascicles of a 
bifid median nerve (arrowheads). Release 
of carpal tunnel with resection of artery 
resulted in improvement of symptoms.
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normal subjects, which is why there is still no 
general agreement on cutoff value to differenti-
ate normal subjects from patients, or mild CTS 
from severe CTS. Normal values for median 
nerve cross-sectional area have been reported 

from 7 to 9.4 mm2 [21–23], and the values for 
diagnosing CTS from 9 to 15 mm2 [24]. These 
quite profound differences in the literature are 
due to differences in measurement technique 
and study populations. To cope with this prob-
lem, the idea of introducing a ratio between the 
median nerve cross-section area in a definitely 
normal location and the maximum cross-sec-
tion area along the carpal tunnel was raised by 
some authors. Hobson–Webb finally suggested 
using a wrist-to-forearm median nerve ratio [25]. 
In their original study, the median nerve was 
imaged in a transverse plane at the level of the 
distal wrist crease and 12 cm proximally in the 
forearm. Those two measurements were used to 
calculate a median nerve wrist to forearm ratio, 
with a ratio of greater than 1.4 resulting in a 
sensitivity for CTS diagnosis of close to 100% 
(Figure 10A & B). Klauser et al. slightly altered this 
approach, by suggesting to measure the normal 
median nerve at the level of the pronator qua-
dratus muscle and then calculate the difference 
between the enlarged and normal nerve cross-
section [20]. They showed that this gave a better 
standardization of the median nerve reference 
value and that a threshold for the difference of 
more than 2 mm2 achieved a combined sensitiv-
ity and specificity of 99 and 100%, respectively. 
In clinical practice, one of either approaches – or 
a combination of the two – is meanwhile used all 
around the world, but there is still an unresolved 
question, which has been addressed earlier by 
Altinok et al.: even with the most sophisticated 
measurement technique – a combination of the 
median nerve cross-section area at the level of 
the pisiform bone, a measurement of palmar 
displacement of the flexor retinaculum and a 
median nerve swelling ratio – they achieved an 
overall discriminatory accuracy of only 83.8% 
[26]. While the authors of this study conclude 
that additional diagnostic confirmation can be 
provided by ultrasonography, and ultrasonogra-
phy may be preferred as the initial step instead 
of electrophysiological studies, they admit that 
there is still an overlap in median nerve size, 
thickness or cross-section between healthy indi-
viduals and patients, especially patients with 
mild CTS.

All the aforementioned studies rely solely on 
measurements to diagnose CTS with ultrasound 
but ignore the direct effect of the pathophysi-
ological changes on median nerve texture. This 
is interesting as hypoechogenicity of the median 
nerve as a direct result of local edema has been 
demonstrated even in the very first reports on 
sonography of CTS (Figure 11) [9,11,19]. While at 

Figure 5. Typical echotexture of normal 
median nerve. (A) Transverse sonogram in a 
healthy volunteer showing hypoechoic median 
nerve fascicles (small arrows) interspersed by 
echoic perineurium in a normal median nerve. 
(B) Transverse sonogram in another volunteer 
with a bifid median nerve (arrows). Note the 
hyperechoic outer lining (i.e., epineurium; 
arrowheads), which envelopes both nerve 
bundles in a single outer sheath.

Figure 6. Longitudinal sonogram along left 
and right median nerve in a patient with 
severe carpal tunnel syndrome on the left. 
Note the increased flattening of the median 
nerve (arrows) on the left side (A), with normal 
continuous tapering of the nerve (arrows) inside 
the carpal tunnel on the right (B). 
C: Capitate; L: Lunate; R: Radius.
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first sight the ana lysis of nerve texture by an 
observer seems a highly subjective task, Lee et al. 
could show two things [27]: evaluation of nerve 
echogenicity by an objective grayscale is feasible 
and a subjective grading index shows a close cor-
relation with grayscale representation. To our 
knowledge there is no report in the literature 
with investigation of median nerve echotexture 
in normal individuals and CTS patients. One 
report with integration of texture ana lysis into 
ultrasound diagnosis of compression neuropa-
thy is by Gruber et al. for the diagnosis of ulnar 
neuropathy at the elbow [28]. Similar to what we 
know about CTS, there was a marked overlap 
between cross-section areas and cross-section 
ratios (humeral to cubital cross-section of the 
ulnar nerve) in this study. Only the combina-
tion of a cross-section ratio greater than 1.4 and 
partial fascicular masking of the ulnar nerve 
(caused by edema) resulted in high specificity for 
the diagnosis of ulnar neuropathy and sufficient 
discrimination of normals and patients. Quite 
the same may be true for CTS, but there is no 
research that confirms this. From our personal 
experience with sonography of different types of 
peripheral nerve disease, there may even be more 
to texture ana lysis than that. The typical patient 
with acute/subacute compression neuropathy 
shows a hypoechoic nerve with loss of fascicular 
texture and loss of the hyperechoic reflex of the 
outer epineurium, both findings due to edema. 
By contrast, we often see patients with long-
standing compression and in these patients the 
nerve, while it may be similarly enlarged, is less 
hypoechoic and the outer epineurium, in con-
trast to the acute forms, is thickened and hyper-
echoic (Figure 12). We think that this is caused 
by chronic compression/friction of the nerve 
and the sonographic representation of fibrosis. 
However, this is only our personal impression 
and not backed by data from case–control stud-
ies. Quite interestingly the latter patients are 
often poor surgical candidates.

If we consider the pathophysiological concept 
of nerve compression with local vascular distur-
bance to be the single most important aspect of 
the disease process, the aforementioned sono-
graphic findings of changes in nerve size and 
texture are only indirect signs of altered nerve 
perfusion; but what about direct imaging of 
nerve vascularization/perfusion with sonog-
raphy? It is postulated that repeated injury, 
ischemia and inf lammation of the median 
nerve in CTS result in secondary autoregula-
tion and vascular disturbance in small arterioles 
within the median nerve, thus the intraneural 

microvasculature of the median nerve gets 
prominent and dilated [29]. This might in princi-
pal be useful for the diagnosis of CTS and there 
are at least two reports in the literature where 
this was attempted. Mallouhi et al. used color 
Doppler ultrasound to evaluate the intraneural 
vasculature (Figure 13) and used statistical regres-
sion ana lysis to define sensitivity and specific-
ity of various clinical and ultrasound findings 
(nerve cross-section and presence of color sig-
nals on Doppler sonography) for the diagnosis 
of CTS. They found that nerve vascularity had a 
sensitivity of 95% and a specificity of 71% in the 
diagnosis of CTS [30]. In this retrospective study, 
however, all study subjects were positive for CTS 
(a combination of clinical exam and neurophysi-
ological testing was used as a ‘gold standard’) 
and a comparison of the vasculature in patients 
with healthy individuals was not attempted. 
Therefore these results have to be taken with 
caution. In a recent publication color Doppler 
and power Doppler ultrasound have been used 
to diagnose and assess the severity of CTS [31]. 
By quantitative evaluation of the number of 

Nervus medianus LI

1.35 cm
0.508 cm
0.541 cm2

Figure 7. Transverse sonogram through 
median nerve at proximal edge of flexor 
retinaculum in a patient with severe carpal 
tunnel syndrome. Note the marked swelling 
of nerve (cross-section >0.5 cm2) and loss of 
fascicular discrimination.

Figure 8. Siginificant palmar bowing of the 
flexor retinaculum (arrowheads) is seen in 
this patient with idiopathic carpal tunnel 
syndrome. The median nerve (arrows) is 
swollen with loss of fascicular texture.
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vascular signals inside the median nerve, healthy 
volunteers and CTS patients were discriminated 
with a sensitivity of 83% and specificity of 89%. 

Positive results of color Doppler examination 
were even seen in patients with clinical evidence 
of CTS but negative findings at electrodiagnosis, 
which was equally confirmed in a study by Joy 
et al. [32]. Ghasemi-Esfe et al. [31], as well as Joy 
et al., conclude that color Doppler ana lysis is a 
helpful tool for the diagnosis of CTS, allows to 
define the severity of CTS and proves especially 
helpful in the diagnosis of mild forms. This 
sounds especially promising, as earlier research 
relying on B-mode ultrasound ana lysis of the 
median nerve alone showed unequivocal results 
for the prediction of severity or functional status 
in idiopathic CTS with sonography [33].

The sonographic features mentioned up to 
now – measurement of cross-section areas, 
cross-section ratios and texture ana lysis – are 
generally accepted and quite well studied and 
therefore firmly placed in ultrasound practice. 
Color Doppler ana lysis shows interesting pros-
pects for future investigation. However, con-
sidering the existing evidence in the literature 
and our personal experience, we may say that 
there is no general agreement on the position of 
sonography in the diagnosis of CTS: should it 
be performed first line or second line? Is it com-
plimentary to neurophysiology? A substitute? 
This uncertainty still exists and mainly derives 
from contradictory results concerning the sen-
sitivity/specificity of sonography reported in 
different articles. According to our experience 
the latter is caused by overt differences in the 
sonographic methods applied and the strong 
reliance on single features/measurements for 
CTS diagnosis. In a way this personal belief 
is confirmed by work of Rahmani et al., who 
performed logistic regression ana lysis to search 
for diagnostic ultrasound features in patients 
who were clinically suspected of having CTS 
but negative on neural conduction studies [34]. 
They found a combination of cross-section 
measurement, texture ana lysis (presence of 
hypoechogenicity) and hypervascularity to be 
most efficient, with a probability of CTS of 
90%. Another potential application of color 
Doppler is the study of vasomotor distur-
bances in CTS. Vasomotor fibers are superfi-
cially located in the median nerve trunk and 
damaged early in the course of CTS. Symptoms 
attributed at least partly to damage of these 
neural elements are color changes in the skin, 
coldness and hyperesthesia. Also the common 
finding of pain relief by rapid shaking of the 
wrist may essentially be attributed to vasomotor 
effects. Özcan et al. have shown significant dif-
ferences in the radial artery blood flow of CTS 

Figure 9. Longitudinal and transverse 
sonogram of the median nerve in patient 
with carpal tunnel syndrome. The median 
nerve is compressed under the thickened 
retinaculum (arrowheads in [A]), the area to 
measure the cross-section of the swollen nerve 
is a little proximal of the upper edge of the 
retinaculum (arrows in [A]). With 0.23 cm² the 
cross-section at this site is markedly increased 
(see measurement in [B]).

Figure 10. Transverse sonogram through 
median nerve in a patient with carpal 
tunnel syndrome. (A) At the level of the 
pronator quadratus muscle and (B) carpal 
tunnel inlet. The measured cross-sections of 
0.105 cm2 and 0.16 cm2 result in a wrist-to-
forearm ratio of 1.5 confirming carpal tunnel 
syndrome.

Imaging Med. (2012) 4(3)292 future science group

REVIEW  Peer, Gruber & Loizides



patients and normal subjects during rest and 
different hand movements [35]. Increased blood 
flow was obvious with CTS patients in neutral 
position and decreased blood flow in a Phalen’s 
maneuver. They believe that sympathetically 
mediated vasoconstriction of the vascular bed 
in the hands of CTS patients might have indi-
rectly caused decreased blood flow in the radial 
artery. Similar findings were recently reported 
by Ghasemi-Esfe et al. for measurements of the 
pulsatility index in the radialis indicis artery 
[36]. Compared with normal individuals, pulsa-
tility index in CTS patients was low at rest and 
the response to sympathetic activation (taking 
a deep breath and coughing) less pronounced.

There are additional features of CTS, such as 
palmar bowing of the retinaculum, an indenta-
tion of the median nerve at the proximal edge of 
the retinaculum and the flattening ratio among 
others, which may be noted with sonography, 
but according to our opinion their value for the 
diagnosis of CTS has not been sufficiently stud-
ied. Therefore, we register these findings, but 
their diagnostic value in daily clinical practice 
is rather limited.

Sonography in grading severity  
& in the follow-up of CTS
Some reports in the literature have shown that 
sonography directly correlates with electro-
physiological measurements and even allows 
us to estimate the severity of CTS [27,37–39]. El 
Miedany recommended cross-section area cut-
off points that discriminate between different 
grades of CTS severity as 10–13 mm2 for mild 
symptoms, 13–15 mm2 for moderate symptoms 
and >15 mm2 for severe patients [37]. This idea 
was later tested by Karadag et al. who found 
high concordance of sonography with electro-
physiological results in defining CTS severity 
[38]. They showed that sonography mainly cor-
related with scores of the Boston CTS symptom 
severity scale and a functional status scale; in 
other words, the increase in nerve cross-section 
reflects the degree of nerve damage as expressed 
by the clinical picture. Even rather sophisticated 
methods, such as the motor unit number esti-
mation method, showed close and significant 
correlations between the ultrasonographic 
findings and motor unit number estimation as 
well as electrophysiological stage of CTS [30]. 
The motor unit number estimation method 
revealed a reduction in axon count in CTS 
patients reflecting the process of demyelination 
in early stages, accompanied by axonal loss in 
advanced stages. In a recent article Miwa et al. 

demonstrated a good correlation of enlarged 
median nerve cross-section with distal latencies 
of motor or sensory nerve conduction veloci-
ties in patients with CTS [40]. However, they 
found less pronounced thickening of median 
nerves in elderly patients with long-lasting dis-
ease. In these patients, the incidence of absent 
nerve conduction is high and may also be con-
sistent with a loss of axons in the median nerve 
in elderly patients. However, given that the loss 
of axons occurs as a result of long-term compres-
sion, the cross-section would consequently be 
decreased. We already mentioned our experi-
ence of less thickened, less hypoechoic nerves 
in patients with long-lasting neuropathy in 
the previous paragraph. This may be consis-
tent with the findings of Miwa et al., but as 
mentioned, this impression is not supported by 
clinical research [40].

Given what has been said up to now, sonogra-
phy may be a complementary first-line method 
and may be a cost-effective method to reduce 
the need for electrodiagnosis in patients with 
suspected CTS. However, classic needle electro-
myography and conduction studies are essential 
to resolve clinical doubts and to rule out cervical 
radiculopathy, brachial plexopathy, polyneurop-
athy and other focal mononeuropathies.

Figure 11. Transverse sonogram through 
the median nerve in a patient with carpal 
tunnel syndrome. The median nerve 
cross-section is enlarged (0.18 cm2) and the 
nerve has reduced texture with loss of fascicular 
interfaces.

Figure 12. In this patient with longstanding 
severe carpal tunnel syndrome, the nerve 
is massively swollen with a thickened 
echoic outer epineurium (arrowheads).
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Can we arrive at any predictions for patient 
outcome under conservative or surgical therapy 
based on sonographic findings? To a certain 
extent we can: with extrapolation of the afore-
mentioned results for grading of CTS severity 
with ultrasound we may consider patients with 
less severe CTS as better candidates for therapy. 
This was, for example, tested in a study com-
paring median nerve cross-section areas with 
outcome after local corticoid injections [41]. In 
their report Meys et al. conclude that less pro-
nounced median nerve swelling indicates a less 
severe stage of CTS and therefore these patients 
are more likely to respond to treatment with cor-
ticosteroid injection [41]. However, these results 
might be true for patients with short-lasting 
CTS only, who show edema with loss of fas-
cicular texture and somewhat enlarged median 
nerve cross-section. According to the research 
of Miwa et al., patients with long-lasting CTS 
may have minimally enlarged or even normal 
median nerve cross-section and may still be poor 
candidates for any kind of therapy [34].

The findings of Meys et al. could until now 
not be confirmed for patients undergoing 

surgery. Smidt and Visser, for example, could 
not find any correlation between preoperative 
median nerve cross-section area and surgical 
outcome [42]. They could find a reduction of 
median nerve cross-section after surgery in a 
substantial number of patients, but the reduc-
tion of median nerve swelling did not correlate 
directly with favorable or poor surgical outcome. 
In an MRI study on recurring CTS after surgery 
Campagna et al. found no differences in median 
nerve cross-section areas between patients with 
CTS recurrence and patients with good outcome 
[43]. The results of these two studies suggest that 
cross-section measurements have limited clini-
cal utility in the evaluation of post operative 
CTS. Campagna et  al., however, found, that 
median nerves in patients with recurrence 
showed marked gadolinium contrast uptake, a 
direct expression of a disturbance of the local-
ized nerve–blood barrier. Color Doppler ultra-
sound or microbubble contrast ultrasound may 
probably show similar findings, but results from 
controlled trials applying these techniques to the 
follow up of CTS patients after treatment are 
currently not available.

Currently, the value of a sonographic exami-
nation in patients after treatment, and espe-
cially after surgery, is to search for reasons of 
unfavorable outcome, such as the occurrence of 
hematoma, infection (Figure 14), scar formation 
(Figure 15), damage to the nerve with formation 
of neuroma, or incomplete dissection of the reti-
naculum [44]. The potential of high-resolution 
sonography to define these pathologies is out-
standing. Therefore, sonography should be per-
formed in every patient with poor outcome after 
surgery or conservative treatment.

Conclusion
Many authorities in the field agree that high-
resolution ultrasonography has an important 
position in the diagnosis of CTS. Several large 
scientific trials have confirmed that sonogra-
phy is equally suited for the diagnosis of idio-
pathic CTS as is electrophysiological testing. It 
exceeds every other diagnostic method in the 
diagnosis of secondary CTS and the evaluation 
of post-treatment findings. Despite continu-
ing concern on the variability of sonography 
when performed by different examiners, it has 
shown good inter- and intra-observer agree-
ment concerning median nerve measurement. 
However, we have to state that constant high-
quality diagnoses are only achieved with state-
of-the-art equipment, sufficient knowledge 
of local anatomy and the direct sonographic 

Figure 14. Soft-tissue infection with 
invading of the median nerve 
(arrowheads) by hypertrophic inflamed 
subcutaneous tissue (arrows).

Figure 13. Color Doppler sonogram and 
spectral wave ana lysis in a patient with 
carpal tunnel syndrome. Note arterial 
intraneural signal with maximum flow velocities 
of close to 30 cm/s.
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expression of CTS pathophysiology, as well as 
high standardization of the whole sonographic 
examination. Further research has to be done 
to answer the open questions in sonography of 
compression neuropathy but the future of nerve 
ultrasound looks bright.

Future perspective
During recent years, a high level of expertise 
in sonography of peripheral nerves has been 
achieved by the scientific community. B-mode 
sonography is meanwhile state of the art for the 
diagnosis of compression neuropathy, direct 
nerve trauma, nerve tumors and degenerative 
nerve disease. Color and power Doppler ultra-
sound techniques are currently being studied 
and may become important tools for the study 
of nerve vascularization, infection and degen-
erative disease alike. In this regard, the applica-
tion of microbubble contrast ultrasound to the 

sonographic study of the peripheral nerve may 
be very promising, if we consider the patho-
physiological nature of compression neuropathy. 

Figure 15. Compression of median nerve 
(arrowheads) by hypertrophic scar 
formation (arrows) in a patient with poor 
postoperative outcome after carpal tunnel 
release.

Executive summary

Why sonography of carpal tunnel syndrome?
 � The foremost reason why sonography should be performed in every patient with carpal tunnel syndrome (CTS) is to rule out secondary 

median nerve compression by external causes, such as ganglia, tumors, tendovagingits and accessory muscle tissue.
 � Sonography has comparable sensitivity and specificity for the diagnosis of CTS compared with electrophysiological testing, which is why it 

may serve as an alternative for the initial diagnosis of carpal tunnel disease. To rule out peripheral nerve disease other than primary CTS, 
for grading of nerve damage and for follow-up of patients under therapy, electrophysiological testing, however, is still state of the art.

Absolute indications for sonography in a patient suspected of having CTS
 � Rule out external median nerve compression (ganglia, tumors and tenosynovitis).
 � Additional test in patients with equivocal clinical findings or neural conduction studies (NCS).
 � Gain morphological information of carpal tunnel before surgery (i.e., rule out median artery).
 � Diagnose postoperative complications after carpal tunnel release: hematoma, scarring or insufficient resection of retinaculum.
 � Rule out local disease other than CTS (i.e., nerve tumor).
 � Targeting of local therapy, such as corticoid injection.

Relative indications for sonography in a patient suspected of having CTS
 � Confirm typical findings of clinical exam/NCS.
 � As an alternative to NCS, if NCS is not available or refused by patient.

Pathophysiology of carpal tunnel disease
 � The currently accepted pathophysiological concept of CTS is localized vascular compromise with vasocongestion and edema caused by 

compression.
 � Sonographic features of CTS – swelling of the nerve, loss of fascicular texture, epieneurial edema and hypervascularization on color 

Doppler – directly relate to vascular changes in the median nerve.

Direct sonographic signs of CTS
 � Increased median nerve cross-section area at the level of maximum nerve swelling along the carpal tunnel directly correlates with 

electrophysiological signs of CTS.
 � A median nerve ratio >1.4 – cross-section taken at the wrist crease by normal cross-section taken 12 cm above (according to 

Hobson–Web) – is diagnostic of CTS. The ratio ‘normalizes’ the measurement to the figure/BMI of the individual patient.
 � Loss of fascicular texture and hyperechoic epineurium reflex is a direct sign of median nerve edema.
 � Hypervascularization seen with color Doppler may be a direct sequel of CTS.

Sonography in grading severity and in the follow up of CTS
 � Amount of median nerve enlargement shows some correlation with severity of CTS, especially the clinical severity and functional status. 

However, this seems to be true only for patients with short-lasting CTS. The situation in the elderly/patients with long-lasting CTS is less 
clear.

 � Based on current research, we cannot give any recommendation on patient prognosis concerning treatment and post-treatment 
outcome. Only for corticoid injection is there some evidence that patients with less median nerve enlargement may respond better.

 � The potential of high resolution sonography to identify complications after surgery, such as occurrence of hematoma, infection, scarring 
or direct nerve damage, is one of the main reasons why sonography should be performed in every patient with poor surgical outcome.
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Higher frequency transducers with further 
improved spatial resolution and contrast may 
soon be available and will enable the sonogra-
pher to look deeper into the ultrastructure of 
superficial peripheral nerves [45]. Results from 
ongoing ultrasound small animal research on the 
regeneration of peripheral nerves after trauma 
will give new insights into the evolution of nerve 
lesions and potentially alter the way we treat 
patients with nerve trauma [46].
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