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Abstract
Compressive neuropathy of the median nerve at the level of the carpal tunnel, known as carpal tunnel syndrome, is 
the most common entrapment neuropathy, affecting about 0.1-1% of the general population. Magnetic resonance 
reliably imaged the flexor retinaculum and carpal bones and thus defined the borders of the carpal tunnel. In all cases 
the median nerve was seen as an ovoid structure of moderate signal intensity and was easily distinguished from the 
flexor tendons of the hands running in the carpal tunnel. Magnetic resonance imaging (MRI) serves as an extremely 
useful tool for evaluation of primary nerve pathologies and for the assessment of space-occupying lesions leading 
to its compression. We present a pictorial review of the MRI findings in the multitude of pathologies implicated in 
the causation of carpal tunnel syndrome. All the images were obtained from the Department of Radiodiagnosis in 
our own institution. 
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Introduction
Compressive neuropathy of the median nerve at the level 
of the carpal tunnel, known as carpal tunnel syndrome 
(CTS), accounts for about 90% of all compressive neu-
ropathies. It occurs commonly in patients between 30 and 
60 years of age and has a female-to-male ratio of between 
3 and 5 : 1 because of the smaller cross-sectional area of 
carpal tunnel in females both proximally and distally. Up 
to 50% of the cases are bilateral [1]. 

Anatomy of carpal tunnel
The carpal tunnel is a fibro-osseus tunnel at the level of 
the wrist joint. The deep border of the carpal tunnel is 
formed by the carpal bones, and the superficial border is 
formed by a thick ligamentous band known as the flexor 
retinaculum. The attachments of the flexor retinaculum 
are to the hook of the hamate and pisiform bone medially 

and the tubercle of the trapezium and scaphoid laterally.  
The ligament is thickest distally where it attaches to the 
hook of the hamate and tubercle of the trapezium. The 
contents include nine tendons and a nerve: flexor pollicis 
longus (FPL), flexor digitorum superficialis (FDS), flexor 
digitorum profundus (FDP), and median nerve (Figure 1). 

Structure of the median nerve at the level  
of the carpal tunnel

The median nerve is best evaluated in the axial plane, where 
it appears rounded at the level of the distal radius and  
elliptical at the level of pisiform. Like all peripheral nerves 
of the body, the median nerve appears isointense to skeletal 
muscles on T1- and minimally hyperintense on T2-weight-
ed images [2]. A fascicular pattern is seen on both T1 and 
T2 sequences (Figure 2). The course is well outlined by 
perineural fat and is seen best on T1 sequence. There is no 
appreciable post-contrast enhancement seen normally. 
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Aetiologies of carpal tunnel syndrome 
The median nerve at the level of the carpal tunnel can 
be affected by various conditions, which can individually 
be grouped into two categories: extrinsic and intrinsic 
(Table 1). 

A multitude of general conditions may also lead to car-
pal tunnel syndrome. The most common among them are 
pregnancy, diabetes mellitus, obesity, and hypothyroidism. 

Idiopathic carpal tunnel syndrome 
Idiopathic carpal tunnel syndrome is the most common 
peripheral nerve lesion [3].

The findings of CTS on magnetic resonance imaging 
(MRI) include (Figure 3): 
I.	 Raised bowing ratio: First, a straight line (TH) is drawn 

between the attachments of the flexor retinaculum, 
from the tubercle of trapezium to the hook of hamate, 
and the length is measured. Next, a line (PD) is drawn 
perpendicularly from line TH to the palmar apex of the 
flexor retinaculum. Then the bowing ratio is calculated 

Figure 1. Axial T1-weighted image of the right wrist at the level of the tu-
bercle of trapezium (T) shows the normal flexor tendons and median nerve 
located volarly. The flexor carpi radialis (white arrow) is seen to lie in a fibro- 
osseus tunnel, situated radial and volar to the carpal tunnel. The flexor 
pollicis longus (dashed white arrow) is the most radially located tendon 
within the carpal tunnel. The flexor digitorum superficialis (white asterisk) 
and flexor digitorum profundus (white cross) tendons lie within the carpal 
tunnel. The median nerve (black arrow) appears fasciculated and shows 
intermediate to high signal 

Figure 2. Axial T1-weighted images (A, B) and axial T2 fat-saturated im-
age of the left wrist (C) at the level of the distal radioulnar joint (DRUJ), 
pisiform (P), and hamate, respectively. The median nerve appears oval  
at the level of the DRUJ (solid yellow arrow) and elliptical at the level 
of the pisiform (dashed yellow arrow) and hamate (solid white arrow). 
There appears to be a progressive decrease in cross-sectional area distally.  
The normal median nerve appears isointense to skeletal muscle on T1W 
and iso to minimally hyperintense on T2W images
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Table 1. Carpal tunnel

 Extrinsic  Intrinsic

Idiopathic Post traumatic neuroma

Rheumatoid arthritis Infections causing neuritis primarily 
(e.g. Hansen’s disease)

Infections causing flexor 
tenosynovitis (e.g. tuberculosis)

Fibrolipomatous hamartoma

Trauma Bifid median nerve with persistent 
median artery
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as line PD divided by TH. A bowing index above 15% 
is considered significant, and it correlates with findings 
on EMG and the patient’s subjective reports of pain se-
verity [4].

II.	 A difference in cross-sectional area of median nerve 
more than 2 mm2 between the level of the hamate and 
pisiform: bulbous enlargement of median nerve at the 
level of pisiform with flattening and angulation of the 
nerve at the level of hamate [5]. This occurs because 
the carpal tunnel is narrowest at the level of the ha-
mate and wider proximally. 

III.	Hyperintense signal intensity on T2-weighted images 
within the median nerve [6]: Increased signal is due to 
oedema, collapse, and loss of myelinated fibres. 

IV.	Fascicular swelling. 
V.	 Fatty atrophy and decreased bulk of the thenar mus-

cles: This can be quantified by obtaining the ratio of 
signal intensity of the thenar muscles with respect to 
the hypothenar muscles. A value greater than one de-
notes fatty atrophy of the thenar muscles. 

Carpal tunnel syndrome in rheumatoid arthritis 
CTS is the most common compression neuropathy asso-
ciated with rheumatoid arthritis [7], occurring in about 
23% of patients with RA. It can be the initial manifesta-

tion of the disease. However, in some cases the patients 
become accustomed to the paraesthesia due to its very 
gradual progression, and they may not describe typical 
CTS symptoms. Therefore, all patients with RA must be 
evaluated for CTS. The most common cause of compres-
sive neuropathy in RA is flexor tenosynovitis (Figure 4). 
Other causes include severe wrist destruction with sub-
luxation and following wrist arthrodesis for the treatment 
of RA. 

Figure 3. Axial T2-weighted image of the left wrist (A) shows bulbous enlargement of the median nerve at the level of distal radioulnar joint (solid white 
arrow). Axial STIR (B) image of the right wrist shows bulbous enlargement of the median nerve (dotted white arrow) at the level of the pisiform, appearing 
heterogeneously hyperintense. Axial STIR (C) image shows flattening and angulation of the median nerve (dashed white arrow) at the level of the hook  
of hamate (H). Axial T1-weighted image (D) shows palmar bowing of the flexor retinaculum with raised bowing ratio of 21° (normal < 15°). Thenar muscles 
show a marked decrease in bulk with T1 hyperintensity (black arrow) within, suggestive of fatty atrophy
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Figure 4. STIR axial image of the left wrist in a case of rheumatoid arthritis 
shows florid thickening of the synovium (dashed yellow arrow) and result-
ant flattening and angulation of the median nerve (white arrow) 
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Carpal tunnel syndrome in infections causing 
extrinsic nerve compression

Compressive neuropathy of the median nerve in the car-
pal tunnel occurs due to interference in median nerve 
function from compression by inflammatory exudates 
in radial and ulnar bursae deep to the flexor retinaculum 
and due to flexor tenosynovitis (Figure 5). In cases of tu-
bercular tenosynovitis, there can be development of rice 
bodies, which can further aggravate the compressive fea-
tures. Rice bodies refer to oval to elongated similar-sized 
intraarticular bodies appearing hypointense on T1- and 
T2-weighted images. The common organisms leading to 
carpal tunnel syndrome include Mycobacterium tubercu-
losis, atypical mycobacterium, pyogenic bacteria such as 
staphylococcus and streptococcus species, sporotrichosis, 
coccidioidomycosis, and histoplasmosis. 

Carpal tunnel syndrome due to trauma
Acute CTS is a rare compartment syndrome of the carpal 
tunnel that occurs after major trauma, typically distal radi-
us fracture [8]. If median nerve compression is suspected 

on clinical examination with relevant clinical history of 
trauma, surgery must be performed to release the pres-
sure. Imaging does not play a significant role in these cases. 

Chronic CTS also develops following trauma due to 
degenerative arthritis that develops from an old fracture 
of the carpal bones (notably scaphoid) and malunited 
Colles’ fracture. 

Post-traumatic neuroma
A post-traumatic neuroma is a disorganised mass of fi-
broneural tissue that develops following trauma as a result of 
a failed attempt at nerve regeneration. Traumatic neuromas 
are high-grade injuries of the nerve and classified as i) end 
neuroma: as a result of complete transection, or ii) neuroma- 
in-continuity (NIC): as a result of partial nerve injury. 

Neuromas are seen as bulbous enlargement of the 
nerve appearing heterogeneously hyperintense on T2 with 
heterogenous postcontrast enhancement (Figure 6). Het-
erogeneity on fluid-sensitive sequences are likely to rep-
resent a combination of fascicles, intralesional haemor
rhage, and fibrosis. 

Contrast material had been suggested as a plausible 
method to differentiate between neuroma and peripheral 
nerve sheath tumour (PNST), but it was found that most 
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Figure 5. Coronal STIR (A) reveals gross distension of the flexor tendon 
sheaths with fluid and multiple round to elongated T1, T2 hypointense 
structures called rice-bodies within (dashed yellow arrow). T2 fat-saturat-
ed axial image (B) shows flattening and angulation of median nerve with 
intrasubstance hyperintensity (solid yellow arrow) 

A

B

Figure 6. Axial DESS image (A) of the left wrist showing bulbous enlarge-
ment of the median nerve (solid yellow arrow) in the carpal tunnel and 
ulnar nerve in Guyon’s canal (dashed yellow arrow) appearing heterogene-
ously hyperintense. Axial T2-weighted image (B) shows bulbous enlarge-
ment of median nerve with heterogeneously hyperintense signal pattern 
(solid yellow arrow). DESS coronal image (C) shows median nerve neuro-
ma-in-continuity (solid yellow arrow)
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Figure 7. T1 axial (A) and T2 axial (B) images of the right wrist shows grossly thickened median nerve (solid yellow arrow) with thickened hypointense 
nerve fascicles surrounded and separated by hyperintense fibroadipose tissue, giving a coaxial cable appearance. Coronal T2-weighted image (C) shows 
‘spaghetti string’ appearance of the lesion (white arrow). Coronal T1W image (D) shows marked lipomatous hypertrophy of the second and third digit

A

C D

B

neuromas enhance post contrast administration, probably 
due to interruption in the peripheral nerve-blood barrier [9]. 

Neuromas and PNST can be differentiated by the pres-
ence of antecedent history of trauma 1-2 months prior 
and surrounding scarring and absence of ‘target sign’ seen 
classically in PNST [10]. 

Fibrolipomatous hamartoma
Fibrolipomatous hamartoma (FLH) refers to proliferation 
of mature adipocytes within peripheral nerves, separat-
ing axonal bundles in the perineurium [11]. The median 
nerve is the most frequently affected nerve, with involve-
ment of other peripheral nerves less frequently. The pa-
tient generally presents with painless enlargement of the 
nerve and gradual-onset carpal tunnel syndrome. 

The MRI findings of FLH are pathognomonic. It con-
sists of markedly thickened nerve fascicles surrounded 
by evenly distributed high-intensity fibroadipose tis-
sue giving a ‘coaxial cable’ appearance on axial images 
and ‘spaghetti string’ sign on coronal images (Figure 7).  
The fascicular pattern is well preserved [2]. The course of 
the nerve is altered due to its marked thickening. There 
is, however, no post-contrast enhancement seen in the 
affected nerve. In about two-thirds of patients with FLH, 

there is associated macrodystrophia lipomatosa along the 
distribution of the radial nerve seen radiographically as 
hypertrophy of the thumb and palm because there is over-
growth of all mesenchymal elements such as bones, fat, 
phalanges, tendons, nerves, and vessels.

FLH should be clinically, radiologically, and histologi-
cally differentiated from intraneural lipoma which occurs 
within the nerve sheath but do not involve nerve bundles. 

Hansen’s neuritis
Hansen’s disease, or leprosy, is a non-fatal, slowly progres-
sive chronic granulomatous infection caused by Mycobac-
terium leprae. The affected nerve shows nodular thicken-
ing and appears hyperintense on fat-saturated PD- and 
T2-weighted images [12] (Figure 8). There are multiple 
disruptions in the perineurium and epineurium with 
small variable sized outpouchings with loss of fascicular 
pattern. Alteration in the course of the nerve occurs due 
to nodular thickenings and outpouchings [2]. There is 
marked post-contrast enhancement. 

These findings are, however, non-specific and can be 
seen in other hypertrophic neuropathies such as amyloid 
infiltration, chronic relapsing polyneuritis, Refsum’s dis-
ease, and Gullain-Barre syndrome [13]. However, the pres-
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Figure 8. Axial T1 (A) and STIR (B) images of the right wrist reveal gross thickening of the median (white arrow), ulnar (black asterisk), and cutaneous 
branches of the radial nerve (short yellow arrow) showing altered signal intensity appearing hyperintense on T1-weighted and STIR sequences. STIR sagittal 
(C) images show the thickened hyperintense median nerve. Post-contrast axial image (D) shows intense heterogenous enhancement of the thickened nerves
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ence of nodules or nerve sheath abscesses are specific to 
Hansen’s disease [14]. The other specific findings include 
calcification of the nerve in the subacute and chronic phase 
of the disease [15]. 

MRI plays an important role in early detection of neu-
roarthropathic changes in asymptomatic patients, such as 

degradation and interruption of subcutaneous fat with 
effusion and synovitis in the affected joints [16].

Bifid median nerve with persistent median artery
Normally, the median nerve divides at the distal end of the 
carpal tunnel; therefore, any branching within or proximal 
to the carpal tunnel is considered a normal variant [17]. 
The bifurcation is associated with the presence of a vas-
cular structure called persistent median artery, seen on 
axial T1- and T2-weighted images (Figure 9). A persistent 
median artery is recognised by its well-defined circular 
shape, its location close to the nerve, and higher signal 
intensity compared to the nerve. A bifid median nerve is 
predisposed to developing compressive neuropathy due to 
higher cross-sectional area compared to non-bifid median 
nerve. 

Conclusions
MRI serves as an excellent modality for the evaluation of 
carpal tunnel and median nerve. It serves as an extremely 

Figure 9. Axial T2 fat-saturated image of the left wrist shows bifurcation of 
median nerve (solid yellow arrow) within the carpal tunnel with a persistent 
median artery interposed between the nerve bundles (dashed yellow arrow) 
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valuable tool for the assessment of primary nerve pathol-
ogies as well as detection and characterisation of SOLs 
leading to compressive neuropathy. In a significant num-
ber of cases, MRI helps in the diagnosis of a nerve pathol-
ogy even before the onset of functional changes. 
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