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SUMMARY: The objective of this study was to evaluate morphological changes of the median nerve in patients with carpal
tunnel syndrome (CTS) and healthy controls, to correlate the MRI findings of wrists. This study compared not only morphological
changes of the median nerve and also displayed descriptively structures in carpal tunnel between patients diagnosed with idopathic CTS
and healthy controls. Our study involved 60 hand, 30 of hand were evaluated diagnosed with idiopathic CTS and 30 hand as healthy
controls bilaterally. Two provocative tests (Phalen's and Tinel's test) were performed on each hand for both the patient group (60 wrist)
and the control group (60 wrist). With regard to Phalen and Tinel’s test results, 24 and 26 wrists were excluded from patient and control
groups respectively. Totally 70 wrists were evaluated, and in terms of cross-sectional area of median nerve at the level of distal radio-
ulnar joint, pisiform bone and the hook of hamate bone by MRI in the patient and control groups. In addition to evaluation of cross-
sectional area of median nerve, we determined signal intensity of wrists and different localization of the median nerve in the carpal
tunnel. Cross-sectional area of the median nerve measured by wrist magnetic resonance at the level of metacarpal bones and signal

intensity of wrists may be considered as a valuable indicator to determine patients referred with idiopathic CTS.

KEY WORDS: MR imaging; Carpal tunnel syndrome; Cross-sectional area; Signal intensity; Median nerve.

INTRODUCTION

Carpal Tunnel Syndrome (CTS) is one of the most
common entrapment neuropathy in upper extremity. Since
the cause of CTS is median nerve neuropathy with an
unclear localization of entrapment and the nerve tends to
be in variable localizations.

The evaluation of peripheral nerve lesions of the upper
extremities has traditionally relied on information from an
accurate clinical history, a thorough physical examination
and electro-diagnostic testing. In most of the patients suffer
severely a pain from the etiology of the underlying nerve
injury (Andreisek et al., 2008). Recently, most studies have
pointed that MRI findings in various areas with related to
median nerve and other peripheral nerves disorders in upper
extremity peripheral neuropathies (Andreisek et al.; Kim et
al., 2007; Grant et al., 2001; Taussaint et al., 2008; Hof et
al., 2008; Amrami et al., 2008).

Imaging may provide important information in
entrapment neuropathies, particularly in cases of equivocal
electrophysiologic studies. Improvements in magnetic
resonance imaging have allowed visualization of the nerve
as it travels in the upper extremity. MRI is also helpful in
ruling out other causes of nerve compression, such as tumors
(Spratt et al., 2002; Taussaint et al.).

The normal carpal tunnel anatomy is accurately
delineated on MR imaging (Zeiss et al., 1989; Maurer et al.,
2000; Middleton et al., 1987). The anterior boundary of the
carpal tunnel is the flexor retinaculum, also known as the
transverse carpal ligament, which appears as a broad low-
signal intensity structure that extends from the hook of
hamate bone to the scaphoid and trapezium tubercles. The
posterior boundary is formed by the deep palmar carpal
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ligaments and the carpal bones. Because of the rigidity of
the boundaries of the carpal tunnel, any process that either
increases the volume of the contents of the tunnel or decreases
the size of the tunnel can result in symptoms. The median
nerve is located in the superficial radial portion of the canal,
immediately deep to the flexor retinaculum.

Morphologically, it typically is round or flat, and on
MR imaging it appears intermediate in signal intensity. It is
constant in caliber throughout the carpal canal, but its location
or position varies with wrist flexion or extension; flexion can
produce anatomic crowding in the canal (Zeiss et al., 1992;
Mesgarzadeh et al., 1989a). The axial plane is the most optimal
imaging plane for evaluating the contents of the carpal tunnel.

The carpal tunnel is a space bordered by the carpal
bones and flexor retinaculum. The space is approximately 6
cm in length from the wrist to the mid-palm. In addition to
the median nerve, eight tendons of flexor digitorum
profundus and flexor digitorum superficialis and one flexor
pollicis longus tendon pass through this space. The flexor
retinaculum is approximately 3 cm to 4 cm wide and 2.5 cm
to 3.5 mm in thickness. It is attached to scaphoid tubercle and
the crest of the trapezium on the radial side and to the pisiform
and the hook of hamate bone on the ulnar side. On its radial
side, the flexor retinaculum splits into two layers to envelop
the flexor carpi radialis tendon. The median nerve courses
superficial to the flexor digitorum superficialis (fds) muscle
proximal to the carpal tunnel and parallel to the second and
third fds tendons within the carpal tunnel (Sallomi et al., 1998;
Omer, 1992). In the palm, it gives off five branches. The ra-
dial branch is the motor nerve innervating the thenar muscles,
and the remaining four branches are sensory branches of the
first, second, third, and the radial half of the fourth digit
(Shuman et al., 1987) (Figs. 1A and 1B).

Many authors have used to different visualization
technics to demonstrate median nerve in carpal tunnel such
as MRI (Kim et al.; Deryani et al., 2003; Grant et al.; Bone’l
et al., 2001; Keberle et al., 2000; Monagle et al., 1999;
Kleindienst et al., 1998; Amrami et al.; Brahme et al., 1997,
Allmann et al., 1997; Sugimoto et al., 1994; Andreisek et
al.), diffusion tensor imaging and tractography, and
sonography with compare to MR and CT scans (Buchberger
et al., 1992; Propeck et al., 2000).

The purpose of our paper is to investigate MRI
morphological findings in a series of female patients with
idiopathic CTS. We assessed only female because idiopathic
CTS is more often seen in female than man (Hurst et al.,
1985; Phalen, 1972; Treaster & Burr, 2004). And, we also
appraised the correlations MRI parameters between patient
and control groups.
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Fig. 1A. Gross anatomy of the carpal tunnel (permission by Primal
Pictures 3D Anatomy).

Fig. 1B. Gross anatomy of the carpal tunnel (the flexor retinaculum
is removed; permission by Primal Pictures 3D Anatomy). fr: flexor
retinaculum, t: trapezium bone, p: pisiform bone, ss: common
synovial sheath of the digital flexors, fds: tendons of flexor
digitorum superficialis muscle, fcr: tendon of flexor carpi radialis
muscle, fpl: tendon of flexor pollicis longus, cpdb: common pal-
mar digital branches of the median nerve.

MATERIAL AND METHOD

Patients. Two women groups of subjects were included in
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the study, all of whom underwent MR imaging. A group
of 30 patients with clinical findings of idiopathic CTS
and a control group of 30 unaffected patients consisted of
hospital employees, all with no history of nerve
entrapment in the proximal or distal arm, referred to the
MR unit primarily for indications other than CTS were
scanned in a dedicated 1.5 T MR scanner (Magnetom
Siemens Symphony, Germany), including obtaining a
written consent from the patient and control groups.

MR Protocol. The imaging protocol included axial T1-
weighted (TR 3070 ms, TE 80 ms), coronal T1-weighted
(TR 414 ms, TE 22 ms), short inversion recovery (STIR)
in axial sections (TR 4880 ms, TE 60 ms) and coronal
T2-weighted short inversion recovery (STIR; TR 4880
ms, TE 60 ms) at the level of the distal radio-ulnar joint,
the pisiform bone, and the hamate bone. During the
imaging with a 1,5 Tesla MR, the participants were in
prone position with the involved arm in supine position
and the elbow in slight flexion. T1 weighted axial
sections and T2 weighted coronal sections were chosen
for the examination. The field of view was 160 X 160
mm for all scans. The slice thickness was 3 mm.

Evaluation. All examinations were evaluated by one
radiologist: senior staff radiologist with >4 years of
experience in reading films and experience with the
dedicated 1.5 T MR. Radiologist was blinded to the
clinical information of the patients or test persons.

Normal anatomic representation of the median
nerve and other stuructures in carpal tunnel were
represented both schematic and MR scans in axial
sections. (Figs. 2A and 2B). Pathologic findings were
represented very well such as interposition of the median
nerve in MR scans. The focus was especially on the level
of distal radio-ulnar joint and the pisiform bone, where
enlargement of the nerve is usually encountered in CTS,
and on the hamate bone level, where flattening of the nerve
may occur. In addition to cross-sectional area of the me-
dian nerve, signal intensity of wrist and variational
localization of the median nerve were evaluated
statistically.

Statistical analysis. The results were compared and
evaluated statistically using Independent Samples t-Test
and Paired Samples t-Test. P values inferior to 0.05 were
considered statistically significant.

Clinical data. The anamnesis of the patient which consists
of burning wrist pain, increasing pain with repeated wrist
actions, paresthesia in the palm points at idiopathic CTS
diagnosis.

In physical examination, two common methods are
valuable. Parestesia existing in the median nerve locality with
elegant tapping over the carpal tunnel is the Positive Tinel’s
Sign. Appearing of parestesia with passive wrist flexion nearly
for a minute represants Positive Phalen’s Test (Jarvik et al.,
2002). We performed these provocative tests bilaterally. The
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Fig. 2A. Schematic section of carpal tunnel in axial model at the
level of metacarpal bones (permission by Primal Pictures 3D
Anatomy).

posterior
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Fig. 2B. Normal anatomic localization of the median nerve in the
carpal tunnel. Axial T1-weighted images of the median nerve MR
with normal size at the level of metacarpal bones (permission by
Primal Pictures 3D Anatomy). s: scaphoid bone, c: capitate bone,
h: hamate bone, t: triquetrum bone, p: pisiform bone, fcr: tendon of
flexor carpi radialis muscle, fpl: tendon of flexor pollicis longus,
fdp: tendons of flexor digitorum profundus muscle, fds: tendons of
flexor digitorum superficialis muscle, mn: median nerve, fr: flexor
retinaculum.
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results of Tinel’s sign and Phalen’s test were abstracted for
each patient. Tinel’s sign was scored as positive if the
attending physician had indicated in the patient’s chart that
tapping on the median nerve produced tingling in the me-
dian nerve distribution; otherwise, it was negative. Phalen’s
test was scored positive if wrist flexion produced numbness
or tingling in the median nerve distribution within 60 seconds.

RESULTS

The mean age of the CTS diagnosed patient group was
47.331£12.29 and the mean age of the control group was
42.25%10.30. There was no significant difference in terms of
age between two groups (p>0.05).

With regard to Phalen and Tinel’s test results, 24 and
26 wrists were excluded from the patient and control groups
respectively. Table I shows the number of positive and negative
results of the Phalen test and the Tinel test in the CTS group
as well as in the control group. Sensitivity and specificity for
the Phalen test were respectively 90 and 80% and for the Tinel
test 70 and 76.6%. Totally, 36 wrists in the patient group and
34 wrists in the control group were evaluated in according to
cross-sectional area and signal intensity.

We determined an increase in cross-sectional area at the
level of distal radio-ulnar joint and pisiform bone. However,
there was a statistically significant difference between them in
terms of cross-sectional area at the level of distal radio-ulnar
joint (14.37£ 2.97 mm? in patient group; 11.62+ 2.01 mm? in
control group, p<0.005) and at the level of pisiform bone (15.94+

3.05 mm? in patient group; 13.45+4.23 mm? in control group,
p<0.05) (Table II). When we evaluated cross-sectional area of
the median nerve at the level of the hook of hamate bone. There
was not a increase in cross-sectional area of the median nerve
at the level of the hook of hamate bone. No statistically
significant difference was observed at the level of the hook of
hamate bone (15.65% 2.89 mm? in patient group; 14.37+ 4.01
mm? in control group, p>0.05). On the other hand, flattening of
the median nerve at the level of the hamate bone is also
considered a positive finding. Because, the median nerve is
maximally compressed at the level of the hamate bone in the
CTS diagnosed patients (Radack et al., 1997; Andre et al., 1999).

When we compared the same parameter at the selected
three levels of patient group with each other, there was a
significant difference between distal radio-ulnar joint level and
other specified two levels (p<0.05). Measurements related to
the median nerve are summarized in Table III. Such correlation,
points at flattening of the median nerve which is a
predisposant factor for CTS. The median nerve was examined
in terms of interpositon since variable localizations were
communiqued as another predisposant factor for CTS in some
previous studies. The median nerve was imaged lying between
the flexor pollicis longus muscle and flexor digitorum
superficialis muscle interpositionally in five participants of
the patient group in our study.

The intensity evaluation, showed hyperintensity in 28
of 36 wrist of the patient group and 8 were isointense; and
hyperintensity in 7 of 34 controls and isointense in 27. When
we compared the incidence of hyperintensity, the result is
statistically significant difference between patient and control
groups (Table IV, p<0.05).

Table I. Numbers of positive and negative results in Phalen and Tinel test in patient and control groups (n: number

of hands).
Phalen test
Groups Positive (n) Negative (n) Sensitivity Specificity
Patient group 54 6 90% -
Control group 12 48 - 80%
Tinel test

Patient group 42 18 70% -
Control group 14 46 - 76.6%

Table II. The comparison of cross-sectional area of the median nerve between CTS diagnosed patient and
control groups at three levels (DRU: distal radio-ulnar, n: number of hands).

Cross-sectional area of the median Patient group Control group P
nerve (mm_) (Medium + SD) (Medium + SD)
(n=36) (n=34)
DRU joint level 14.37+£2.97 11.62+ 201 <0.005
Pisiform bone level 15.94+ 3.05 1345+ 423 <0.05
Hook of hamate bone level 15.65+ 2.89 1437+ 401 >0.05
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Table III. The Comparison of cross-sectional area of the median nerve in CTS diagnosed patients group at three levels (DRU:

distal radio-ulnar, n: number of hands).

Paired samples t-Test DRU joint level

Hook of hamate bone level Pisiform bone level

DRU joint level
Hook of hamate bone level

Sig.(2-tailed) 0.038 p<0.05

Sig.(2-tailed) 0.038 p<0.05  Sig.(2-tailed) 0.028 p<0.05

Sig.(2-tailed) 0.567 p>0.05

Table IV. The evaluation of signal intensity in CTS diagnosed patient and control groups (n: number of hands).

Signal intensity in MRI

Patient group (n=36)

Control group (n=34) Total (n=70)

Hyperintensity 28
Isointensity 7

8 36
27 34

DISCUSSION

Carpal tunnel syndrome is a mostly chronic and
sometimes disabling condition characterized by nocturnal
pain, paresthesia of the fingers in the distribution of the
median nerve, and in severe cases, thenar muscle hypotrophy
caused by compression of the median nerve within the narrow
carpal tunnel. Carpal tunnel syndrome usually occurs in
adults, with a female predominance. The dominant hand is
mostly affected but bilateral involvement is frequent (Hart
& Wibrg, 2001; Gelberman et al., 1981)

The underlying pathophysiology is thought to be
mechanical distortion of the median nerve within the fibro-
osseus canal formed between the flexor retinaculum and the
carpal bones at the wrist, a space also occupied by the su-
perficial and deep flexor tendons of the fingers. Chronic
compression or tethering of the median nerve is presumed
to cause vascular compromise, as well as direct mechanical
damage, first to the myelin and later to the axons of the nerve
(Hart & Wibrg; Lundborg & Dahlin, 1996; Mackinnon,
1988). Clinical symptoms usually consist of tingling and
numbness in a median nerve distribution, often worse at night
and exacerbated by activity, combined with hand pain and
weakness. Positive clinical signs consisting of a flick sign
(shaking the hand to relieve symptoms), Tinel’s sign
(dysesthesias produced by tapping over the median nerve in
the palm), and Phalen’s sign (dysesthesias elicited by extre-
me wrist flexion) have sensitivities ranging from 20% to
70% and specificities ranging from 47% to 83% (D’ Arcy &
McGee, 2000; Gellman et al., 1986; Katz et al., 1990; Stewart
& Eisen, 1978). In this study, sensitivity and specificity for
the Phalen test were respectively 90 and 80% and for the
Tinel test 70 and 76.6%.

Studies of carpal tunnel syndrome have frequently
combined males and females in a single subject group (Horch
etal., 1997; Mesgarzadeh et al., 1989b; Seyfert et al., 1994;

Brahme et al.; Allmann ef al.). Because of the lower incidence
of carpal tunnel syndrome in males than in females (Hurst et
al.; Phalen; Treaster & Burr) no attempt was made in the
present study to obtain a group of male patients with carpal
tunnel syndrome. We assessed only females in the CTS
diagnosed patient and control groups.

The use of MRI has been used frequently in dynamic
examinations (Horch et al.; Yoshika et al., 1993) to evaluate
canal diameter, and to perform postoperative patient
assessments (Mesgarzadeh et al., 1995; Murphy et al., 1993)
and painful wrist evaluations (Oneson et al., 1996; Healy et
al., 1990). Another reason to use MRI in patients with
peripheral neuropathies is the potential to serve as an adjunct
in the diagnosis and management of these patients (Weis et
al., 1986; Britz et al., 1996; Grant et al.). A number of other
studies have been published investigating the diagnostic
accuracy of MRI for CTS (Pasternack et al., 2003; Horch et
al.; Kleindienst et al., 1996; Kleindienst er al., 1998;
Mesgarzadeh et al., 1989b; Murphy et al.; Oneson et al.;
Pierre-Jerome et al., 1996a; Radack et al.; Soccetti et al.,
1992; Timins et al., 1996). Our MRI protocols mainly
focused on the assesment of morphologic anatomy of carpal
tunnel and do not include functional MRI techniques. As
we see the literature with regard to MRI of upper extremity
peripheral neuropathies, most publications are also focused
on the morphological appearance of those neuropathies
(Jarvik et al., 2004; Beltran & Rosenberg, 1994; Kim et al.;
Spinner & Amadio, 2003; Spratt et al.).

Many MR imaging reports have led to the establish-
ment of the golden rule for the exclusive diagnosis of carpal
tunnel syndrome, in which four criteria are considered. First,
increased signal intensity of the median nerve on a fluid-
sensitive sequence is believed to be a sign of carpal tunnel
syndrome, although a high signal intensity on STIR imaging
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is a normal finding, and the signal of the median nerve can
be low when the symptom is chronic (Hochman & Zilberfarb,
2004). Second, an increased size of the median nerve is
considered a sign of carpal tunnel syndrome. The normal
median nerve is flat at the level of the pisiform bone. Hence,
enlargement of the median nerve is evaluated within the
carpal tunnel at the level of the pisiform bone. Third, volar
bowing of the flexor retinaculum at the level of the hamate
bone is believed to demonstrate increased pressure in the
carpal tunnel. Fourth, flattening of the median nerve at the
level of the hamate bone is also considered a positive finding.
These four MRI findings are now widely accepted, although
they can be nonspecific and observed in asymptomatic
individuals (Radack eft al.).

Enlargement of the cross sectional area of the me-
dian nerve at the level of distal radio-ulnar joint and at the
level of pisiform bone or at the entrance to the tunnel was
found to be of diagnostic value for idiopathic CTS in the
majority of cases studied (Martins et al., 2008; Uchiyama et
al., 2005; Jarvik et al., 2002; Almann et al.; Mesgarzadeh et
al., 1995; Monagle et al.; Kleindienst et al., 1996; Kleindienst
et al., 1998). However, several investigators have shown a
larger cross-sectional area of the nerve in CTS groups than
in controls, even at the hook of the hamate bone level
(Almann et al.; Mesgarzadeh et al., 1995; Monagle et al.).
Mesgarzadeh et al. (1989b) presented the most distinct
expansion at the level of the pisiform bone. This study has
shown that the cross-sectional area of the median nerve both
at the level of distal radio-ulnar joint and at the level of
pisiform bone is larger in the CTS diagnosed patient group
than control group, and there is statistically significant
difference at these two anatomic level. An increase in cross-
sectional area of the median nerve was not found at the level
of the hook of hamate bone. Although it is not statistically
significant difference between patient and control groups. This
is also considered a positive finding. It is widely accepted
that median nerve to be expected flattening form (no
enlargment) at the level of the hook of hamate bone in CTS
diagnosed patients (Pasternack et al.; Cudlip et al., 2002;
Bordalo Rodrigues et al., 2004; Radack et al.; Andre et al.).
However, the flexor retinaculum is at its thickest at the level
of the hook of hamate bone. Since the flexor retinaculum can
be defenitely detected in this region and its borders can easily
be followed, the most accurate evaluation can be made at this
level. In addition, this level is a region where carpal tunnel
apperently narrows and the median nerve is maximally
compressed (Mesgarzadeh et al., 1989b; Soccetti et al.). And,
we also found same clinical findings related to the median
nerve at the level of the hook of hamate bone.

We observed a remarkable increase of intensity in
the median nerve in 77.7% of the CTS patients when we
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evaluated the median nerve intensity. This rate was only
22.2% in the control group, and this difference between two
groups was significant (P<0.05). Britz ef al. demonstrated a
signal increase in the median nerve in 95% of cases clinically
diagnosed with CTS (Britz et al., 1995). The importance of
the intensity increase in the median nerve in subclinical ca-
ses and during the early diagnosis of CTS has been
emphasized (Dailey et al., 1997; Monagle et al.; Healy et
al.; Kleindienst et al., 1998; Pierre-Jerome et al., 1996b),
and this increase is believed to accompany cases which have
already progressed clinically and electrophysiologically
(Andre et al.; Zagnoli et al., 1999). Alman et al. observed
that the intensity in the median nerve decreased in 67% of
postoperative cases, and Mesgarzadeh et al. (1989a)
emphasized that the importance of intensity increase in the
medain nerve in the diagnosis of CTS. They also added that
this expanded proximally towards the distal radio-ulnar joint
same cases. In this study, we also determined that cross-
sectional area of the median nerve was increased at the level
of distal radio-ulnar joint (p<0,005).

Enlargement of the median nerve area and signal
intensity could be characteristic morphological findings for
idiopathic CTS. Because of this, we evaluated that only
spesific MRI findings, mostly cross-sectional area of the
median nerve at the level of distal radioulnar joint, pisiform
bone and the hook of hamate bone, showed to be closely
correlated with some parameters obtained from previous
studies and may become particulary the initiator of assessing
idiopathic CTS.
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RESUMEN: El objetivo de este estudio fue evaluar los
cambios morfolégicos del nervio mediano en pacientes con sin-
drome del tinel carpiano (STC) y controles sanos, para correlacionar
los hallazgos de las RM de mufieca. Este estudio comparé no sélo
los cambios morfoldgicos del nervio mediano, también se mues-
tran en forma descriptiva estructuras del tinel carpiano entre los
pacientes diagnosticados con STC idiopatico y controles sanos.
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Nuestro estudio incluyé 60 manos, 30 manos fueron evaluados con
diagndstico de STC idiopatico y 30 manos como controles sanos,
bilateralmente. Dos pruebas de provocacion (prueba de Phalen y
prueba de Tinel) se realizaron en cada mano para el grupo de pa-
cientes (60 muiiecas) y el grupo control (60 muiiecas). En lo que
respecta a los resultados de prueba de Phalen y prueba de Tinel, 24
y 26 muiiecas fueron excluidas del grupo paciente y grupo control
respectivamente. En total 70 muifiecas fueron evaluadas, en térmi-
nos de la seccién transversal del drea del nervio mediano a nivel de
la articulacién radio-ulnar distal, el hueso pisiforme y el hamulus
del hueso hamate por medio de resonancia magnética en gruposs
paciente y control. Ademads de la evaluacion de la seccidn del drea
del nervio mediano, se determind la intensidad de la senal de la
mufieca y las diferentes localizaciones del nervio mediano en el
tunel carpiano. La seccidn transversal del area del nervio mediano
medida por medio de resonancia magnética de mufieca a nivel de
los huesos metacarpianos y la intensidad de la sefial de las muiie-
cas pueden ser considerados como un valioso indicador al evaluar
pacientes referidos con STC idiopatico.

PALABRAS CLAVE: Imagen RM; Sindrome del tinel
carpiano; Seccién area transversal; Intensidad de sefial; Ner-
vio mediano.
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