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Abstract
Carpal tunnel syndrome (CTS) is a condition which manifests in cases of
compression or tension of n.medianus in the wrist area. This condition is
the most commonly diagnosed mononeuropathy from compression. EMG is
the gold standard for diagnostics of n.medianus injuries. However, recently
ultrasonography has proved advantageous, and it is used more often in
clinical practice for the dynamic monitoring of patients’ injuries. Great
benefits of the US diagnostics are its broad availability and easy differential
diagnosis assessment of patients with pain and numbness in the wrist area.
It is important to highlight that in US examination the changes in patients’
conditions are almost imminently evident, whereas in EMG diagnostics
the alterations become apparent only after a few weeks. Additionally, the
ultrasonography is a method for a confirmation of CTS diagnosis after such
has been made based on physical examination and presence of symptoms.

Introduction
The carpal tunnel syndrome (CTS) manifests when compression or tension of the median nerve are evident at
the wrist area. It is the most common compressional mononeuropathy. Due to the increased weakness of the
handgrip and decreased dexterity, the condition seriously affects the quality of life [1]. CTS is common in 4-6%
of the overall population [2], the main sufferers are middle-aged women (40-50y), more rarely men. Usually
the condition is developed in the dominant hand and it is a commonly diagnosed condition in professions
involving high vibrations, repetition of similar hand movements, such as keyboard typing, etc. [3]. One of the
most highly affected profession is dentistry. Not only CTS decreases patients’ quality of life, but it interferes
with their daily professional activities by restricting the number and quality of the operations provided. CTS
is one of the most common diagnoses in cases of reported pain, numbness or discomfort in the hand, at the
area of the wrist, palm or fingers [4].
According to the data stated by Management of Carpal tunnel syndrome – Evidence-based clinical practise

guideline [5], the diagnosis "CTS"is verified when there is a confirmation from patient’s anamnesis, positive
tests during the clinical examination, EMG data and data from US or MRI diagnostics. There is a great
variety of specific clinical tests for CST such as Tinel’s sign, Phalen’s test, the digital test, Price-Philip’s
test, the test of the mill, the test of the compass, Decout’s test, Luethy’s test. Diagnostic scales are used in
order to monitor the development of the condition. Boston’s Carpal Tunnel Questionnaire has been, so far,
the simplest applicable scale in clinical practice – it provides an objective evaluation of the condition and it
is straightforward to the patient [6]. The questions from it follow patient’s condition back to 2 weeks prior
examination.
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For years EMG has been accepted for the most accurate diagnostic test [5], and, nowadays, it is the gold
standard [7]. However, when long-term evaluation of the results was done, there were 15% false negative
results from all of the symptomatic cases; and 18% false positive results from the whole population. Addi-
tionally, EMG is a costly method for diagnostics, which involves highly-trained staff, longer appointment
timings, and allegedly it causes discomfort or even pain [8]. Along with this, numerous other conditions such as
swelling/trauma in the wrist area, altered temperature in the area due to inflammation, post-operative metal
implant/plate presence, etc. can negatively affect the results of the EMG [7]. However, the abovementioned
factors are not contraindication for an US examination and diagnostics. Therefore, lately ultrasonography
has become a common and effectively used method for CTS diagnostic [9]. It is a diagnostic technique, which
can be used for the visualisation of various subcutaneous anatomical structures such as joints, ligaments,
muscles, peripheral nerves, blood vessels and internal organs with possible pathological changes [10]. The
neuromuscular ultrasound measurement of the median nerve cross sectional area, CSA at the level of the
wrist is proven to be accurate and can be used for the diagnostics of CTS [11, 2]. Furthermore, it enhances
the information received from a potential EMG in confirmed CTS patients, which later can be used for
screening and monitoring purposes, in cases of abnormal structures existence in the carpal tunnel.
The US diagnostics is a type of screening technique, which can be done prior EMG or MRI [5]. It ensures

the visualisation of the median nerve and all of the additional structures in the carpal tunnel, so it can be used
for the etiological verification of CTS. For example, it would become apparent if there are aberrant structures
such as muscle or ganglion, or if there is tenosynovitis or synovitis. Also, the ultrasonography method could
be used for surgery planning and risk assessment, as well as for a monitoring of the condition in post-
operative period [13]. Power Doppler provides highly accurate data regarding the blood vessels position,
which is crucial in surgery planning and other more invasive treatments in the area, such as corticosteroid
injections.
The US diagnostics has numerous advantages. It is a non-invasive, and, practically, painless procedure.

By the constant visualisation which it offers, it is possible to examine and assess dynamic and quickly
altering conditions and monitor the effect of the prescribed treatment and rehabilitation of the carpal tunnel
structures.

Methodology

A wide-screen US with a frequency 8-14 MHz and a Power Doppler was used for the structural examination
of n. medianus.

Results and Discussion
In order to correctly assess the US image, the detailed knowledge of the carpal tunnel anatomy is of great
importance [14]. Canalis carpi is a non-elastic osteofibrous passage for the median nerve, which is dorsally
restricted by the carpal bones and ventrally- by flexor retinaculum. N. medianus passes through the carpal
tunnel along with the ligaments of m. flexor digitorum superficialis, m. flexor digitorum profundus and m.
flexor pollicis longus, which is the most radially positioned. Thus, overall there are 9 ligaments passing
through canalis carpalis, along with the median nerve. The ligament of m. palmaris longus lies under the
surface of retinaculum flexorum, attaches to it with fibres and in such way continues within aponeurosis
palmaris. The abovementioned anatomical structures are in very close proximity to each other, forming a
rectangular cross-section of 15.6 mm2, which is the size of the carpal tunnel in its middle part, varying to
16.1 mm2 proximally, and 17.8 mm2 distally [7]. The position of n. medianus in the carpal tunnel can have
some anatomical variations, depending on the individual. Often the presence of abnormal vessels or muscles
is a reason for the nerve compression.
The US examination of the carpal tunnel is relatively brief and easy. The patient is usually seated on a chair,

the forearm is relaxed on flat surface in a supine position (either an examination bed, or a desk), with slightly
spread fingers. The investigation involves a minimum of four different scans, in order to contemporaneously
evaluate the status of the median nerve [14]. The first scan is done in the proximal part of the tunnel, and
the distal part of os radii is used for better orientation. The surface of retinaculum flexorum and n.medianus
are observed, usually it is a quite typical image of granular-fibrous structure (Fig. 1).
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Fig. 1.: US view of the carpal tunnel anatomy (normality) – proximal scan. Done by US Logiq F6, General
Electric, with linear transducer and work at 12 MHz. (FR – retinaculum flexorum; MN – n. medianus;
DIST RAD – os radii, distal part) (source: Dr Martin Ivanov)

The next scan is done at the level of the retinaculum, where additional structures are visualised. Along
with the retinaculum and the median nerve, os scaphoudeum, os pisiforme, os lunatum, a. and n. ulnaris,
mm. fl. superficialis and mm. fl. profundus can also be seen (Fig. 2).

Fig. 2.: US view of the carpal tunnel anatomy(normality) – at the level of retinaculum flexorum (FR –
retinaculum flexorum; MN – n. medianus; SC – os scaphoudeum; UA/UN – a. ulnaris/ n. ulnaris; PS
– os pisiforme; LUN – os lunatum; S – mm. fl. superfic. (4 ligaments); P – mm. fl. prof. (4 ligaments))
(source: Dr Martin Ivanov)

On the third scan (the distal one) retinaculum flexorum, n. medianus, os scaphoudeum, a. ulnaris et
n. ulnaris, os pisiforme, os lunatum, m. fl. dig. superficialis (4 ligaments), m. fl. dig. profundus (4 ligaments),
m. fl. poll. longus are examined (Fig. 3).
For the last scan of the carpal tunner, the transducer should be perpendicularly rotated in order to evaluate

its structure longitudinally (Fig. 4).
Additional three measurements of the nerve’s width VD are made, in order to assess its condition. Usually

in presence of CTS there is a difference in the measurements, when the smaller measurements are typically
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Fig. 3.: US view of the carpal tunnel anatomy (normality) – scan from the distal aspect (FR – retinaculum
flexorum; MN – n. medianus; SC – os scaphoudeum; UA/UN – a. ulnaris/ n. ulnaris; PS – os pisiforme;
LUN – os lunatum; S – m. fl. dig. superfic. (4 ligaments); P – m. fl. dig. prof. (4 ligaments); FPL –
m. fl. poll. longus). (source: Dr Martin Ivanov)

Fig. 4.: US view of the carpal tunnel anatomy(normality)- scan from the longitudinal aspect. (source: Dr
Martin Ivanov)

in the middle part, where the degree of compression is the greatest. It is mandatory that a measurement the
cross-section of n.medianus has been made – cross sectional area (CSA), depending on the capacity of the
diagnostic equipment (Fig. 5). Or the CSA can be calculated after measurement of the width and length are
taken (Fig. 6). It is suggested that any values of n. medianus’ CSA above 12 mm2 are pathological, where
10 mm2 is the commonly accepted norm [10, 12].

Conclusion
Ultrasonography is a specific, quick and painfree method for examination, diagnostics and assessment of
numerous conditions and diseases. The US methodology allows clinicians to establish the cause-effect links
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Fig. 5.: US view of the carpal tunnel anatomy (normality) – measurement of the CSA. (source: Dr Martin
Ivanov)

Fig. 6.: US view of the carpal tunnel anatomy(normality)- measurement of n.medianus (length and width).
(source: Dr Martin Ivanov)

between the morphology of the anatomical structures and patients’ subjective complaints and symptoms.
It is an essential method for contemporaneous evaluation of various conditions such as compression-related
syndromes, injuries of the soft tissues, and sport traumas. The opportunity to dynamically examine and
visualise the structures is often of crucial importance for the selection of correct treatment and the monitoring
of the therapy effects.
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