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Abstract 

Background The most prevalent cause of peripheral nerve entrapment is carpal tunnel syndrome, which is charac-
terized by compression of the median nerve at the wrist as a result of nearby or localized microvascular interference 
as well as structural alterations to the median nerve or adjacent tissues. However, no special information regard-
ing the median nerve or its surroundings is provided by clinical examination or electrophysiological testing. The 
purpose of this study is to evaluate the effectiveness of magnetic resonance neurography (MRN) and ultrasound 
in identifying changes and abnormalities of the median nerve in carpal tunnel syndrome.

Methods The twenty-five patients in this study ranged in age from 27 to 63 years old, with a mean age of 47. There 
were 18 female patients and seven male patients. All patients were sent to the radiology department from the ortho-
pedics, neurology, outpatient clinic, and neurology department, at Ain Shams Hospital, Faculty of Medicine, Ain 
Shams University. All of the patients had clinically manifested pain along the median nerve distribution, each 
of the sixteen patients had hand paresthesia, and four had thenar muscle atrophy.

Results In the current study, Ultrasound exhibits low negative predictive value of 67% and specificity of 67%, 
but high positive predictive value of 95%, sensitivity of 95%, and overall accuracy of 92%. On the other hand, (MRN) 
exhibits a low negative predictive value of 60% and a high specificity of 75% in the diagnosis of nerve entrapment, 
but it also displays a high positive predictive value of 95%, sensitivity of 90%, and overall accuracy of 88%. Regarding 
the assessment of the recurrence cause and post-surgical evaluation is more reliable by Magnetic Resonance Neurog-
raphy examination.

Conclusions Magnetic resonance neurography and high-resolution ultrasonography can be utilized to diagnose 
patients with median nerve entrapment and patients who cannot be diagnosed electrophysiologically.

MRN is a more accurate method for detecting the exact location of nerve entrapment and evaluating nerve recov-
ery after surgical intervention than nerve conduction studies and electromyography. Additionally, MRN can be used 
to identify causes that were not previously recognized based on physical examination and electrophysiological tests.
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Background
Carpal tunnel syndrome involves median nerve com-
pression (dysfunction) at the wrist due to localized 
microvascular interference and structural changes in the 
median nerve or adjacent tissues. Median nerve com-
pression syndrome usually occurs when the carpal tunnel 
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becomes a tight tunnel formed by stiff tissue boundaries 
due to different etiology. The resultant ’confined space’ 
limits tissue movement and can lead to sustained tissue 
pressure gradients [1].

As an osteo-fibrous tunnel, the carpal tunnel is a tiny 
anatomical channel that reroutes the median nerve’s path 
in addition to tendons and blood vessels. Throughout the 
wrist joint. In order to prevent traumatic damage and 
dislocation of the structures within the carpal tunnel dur-
ing joint activity, the roof of this tunnel is composed of 
focal transverse thickening of the deep fascia, specifically 
the flexor retinaculum, which is anchored at both ends to 
osseous prominences. Compared to other places along its 
path, the median nerve is more susceptible to compres-
sion or entrapment in this tunnel [2].

The presence of abnormal tissue inside the narrow 
space of the carpal tunnel can cause either internal or 
external compression of the median nerve. Chronic 
irritation or pressure damage to the median nerve can 
interfere with the intraneural microvasculature. This 
can lead to venous congestion, disruption of the blood-
nerve barrier, and ischemia from compression of the vasa 
nervosum. In turn, this can cause epineural edema and 
elevated endoneural fluid pressure. In the early stages, 
symptoms might be occasional or even disappear with 
activity, which would also help the intraneural edema 
to drain and the intraneural circulation to heal. Chronic 
nerve constriction may be exacerbated as the disease 
progresses by the prolonged edema of the epineurium 
developing into fibrotic changes [3].

When diagnosing carpal tunnel syndrome (medial 
nerve compression), clinical examination an electrophys-
iological testing are the main methods used shows the 
level and severity of the lesion [4].

However these studies don’t offer any unique details 
about the median nerve or its surroundings, which might 
be helpful for figuring out the reason. By giving precise 
information about the nature of constricting findings, 
direct visualization of median nerve abnormalities with 
imaging modalities may improve the diagnosis and surgi-
cal outcomes. This is especially true in cases with confus-
ing clinical pictures or equivocal or contradictory results 
at the electrophysiological studies [5].

The median nerve’s anatomical route, as well as patho-
logical features and changes of compression and entrap-
ment of the median nerve in the carpal tunnel is clear 
demonstrated on ultrasound imaging [1].

At most centers, magnetic resonance (MR) remains to 
be the gold standard for evaluating the peripheral nerv-
ous system because image acquisition is not operator 
dependent, as it is in ultrasound (U/S), and interpreta-
tion is easier. On the other hand, high-resolution (U/S) 
imaging is faster, less expensive, and offers distinct 

benefits over magnetic resonance imaging (MR) in this 
area, including the capability for increasing resolution 
and the ability to explore long segments of nerve trunk in 
a single study and examine tissues in both the static and 
dynamic states [6].

Recently magnetic resonance neurography (MRN) by 
using diffusion tensor imaging (DTI) played a useful diag-
nostic tool in assessing carpal tunnel syndrome The abil-
ity to see the median nerve on diffusion tensor imaging 
and tractography, as well as the automated calculation of 
the median nerve’s diffusion values, can all be helpful in 
the assessment, diagnosis, and follow up of entrapment, 
trauma, and regeneration of the median nerve [7].

Methods
Patient demographics
This retrospective study was conducted from February 
2021 to November 2023 after obtaining approval from 
the ethics committee of our university.

Twenty-five patients were included (18 females, 7 
males) with age ranges from 27 to 63  years (mean age 
47  years). All patients were referred to the radiology 
department from the outpatient clinic of the orthope-
dics, neurology, and neurosurgery department, faculty of 
Medicine Ain Shams Hospital, Ain Shams University. All 
the patients presented clinically with pain at the distribu-
tion of the median nerve, four of them showed wasting of 
the thenar muscles; while sixteen patients were suffering 
from hand paresthesia.

Patients were subjected to the following:

• History taking and clinical provisional diagnosis.
• Electrophysiological studies (23 patients).
• Radiological investigations:

– Ultrasonographic examination.
– Magnetic resonance neurography (MRN) by using 

diffusion-tensor imaging (DTI).

Inclusion criteria: All patients with the diagnostic cri-
teria of carpal tunnel syndrome (clinically and by previ-
ous nerve conduction velocities), age group (18–60 years 
old),males and females are included. Exclusion criteria: 
Patients with contraindications to MRI examination (e.g. 
pacemaker, metallic implant, severe claustrophobia), 
Patients with bad general condition needing life support, 
Patients with wrist congenital abnormalities, Patients 
with brachial plexus/median nerve paralysis.

Ultrasound examination
The patient was positioned comfortably facing the sonog-
rapher throughout every examination, which was con-
ducted using the Philips ultrasonography scanner. The 
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wrist is positioned in hyperflexion. The distal skin crease 
will be the point at which the sonographic probe is posi-
tioned. The ulnar artery is conveniently placed medially 
in the axial plane, and it can guarantee that the axial pic-
tures maintain a constant orientation. The surface of the 
flexor tendons must be perpendicular to the sonographic 
beam. The median nerve is seen  as an oval  hypoechoic 
structure  situated  superficially to the echogenic flexor 
tendons. Its dimensions, shape, echogenicity, and con-
nection to the retinaculum overlying and underlying ten-
dons are recorded. The median nerve range of motion 
can be evaluated by moving the finger and wrist.

Interpretation data
Cross-sectional area: was computed at the level of the 
scaphoid-pisiform proximal carpal tunnel. It usually 
shouldn’t be more than 10 mm. The median nerve’s flat-
tening was measured using the flattening ratio, or D1/
D2, which is the major to minor axis ratio of the nerve. 
A typical flattening ratio is less than two. Flexor retinacu-
lum bowing: the distal tunnel (hamate-trapezium level) is 
where the ligament bulges and can be assessed by U/S. A 
line is drawn tangential to the hook of the hamate and the 
tubercle of the trapezium once they have been located. 
Next, the distance is calculated from this line to the 
transverse carpal ligament’s most anterior portion. Most 
of the time, the distance is less than 4 mm. Changes in the 
echotextural properties of the compressed median nerve 
as the nerve loses its fascicular pattern and becomes uni-
formly hypoechoic. It is important to record the quantity 
of synovial fluid as well as the existence or absence of 
masses.

Magnetic resonance neurography (MRN) examination
All examinations were performed using 1.5 T MAGNET 
(PHILIPS) at the radiology department of Ain Shams 
University Hospitals with the patient`s arm on the side 
of the head resting there in the prone position. The mag-
net’s coronal plane and the hand’s dorsum are parallel. 
Using a circular coil (C 200), the wrist joint was covered, 
wrapped, and secured with rubber bands. Scout localiz-
ers were conducted in sagittal, coronal, and axial planes. 
DTI (diffusion tractography imaging) was performed 
using a single-shot spin-echo echo-planar technique with 
time repetition (TR)/time to echo (TE) = 4600/90  ms. 
Angle of flip: 90°, field of view: 140 mm size of the matrix: 
128 × 128 Avarage number of signals: three A picture free 
of diffusion gradients will also be recorded, together with 
data from 35 axial slices of 4 mm thickness without gaps. 
Diffusion weighting with a b value of 1,000 s/mm2 will be 
applied in 32 directions. The sequence took seven min-
utes and forty-nine seconds to complete. A T1-weighted 
axial sequence was acquired for anatomic reference with 

TR/TE: 382/20 ms, flip angle: 90°, field of view: 140 mm, 
and averaged number of signals: 2. After transferring the 
DTI data to a PC, fiber tracking was performed using 
manufacturer-supplied software (PRIDE, Philips Medi-
cal Systems). After anatomic confirmation of the median 
nerve tract, the mean Fractional Anisotropy (FA), and 
mean Apparent Diffusion Coefficient (ADC) values 
were calculated with the software. The ADC calculated 
was one-third of the trace of the diffusion tensor. The 
mean FA and ADC values were obtained from the whole 
median nerve and focal measurements.

Image analysis

• Two radiologists with 21 and 12 years of experience 
evaluated MRI images of patients, correlated to clini-
cal data and laboratory investigations, using a stand-
ard clinical picture archiving and diagnostic system 
workstation.

• Inter-observers agreement was achieved after corre-
lation with the clinical data and imaging analysis was 
done successfully.

• Conventional MRI sequences were evaluated to 
determine any changes in MN signal intensity and as 
anatomic reference.

• A single-shot spin-echo echo-planar DTI sequence 
was done.

• Echo- planar post processing diffusion-tractogra-
phy imaging data were extracted and computed on 
an offline workstation for evaluation to identify any 
abnormal signal intensity.

• Fractional anisotropy (FA) and apparent diffusion 
coefficient (ADC) maps were calculated from the 
raw DTI data. Circular regions of interest (ROI) were 
placed, according to the information from coronal 
and axial color-coded maps, at the anatomic loca-
tions of the median nerve.

• These locations will be anatomically confirmed using 
T1 or T2-weighted reference images with an ROI.

• The distal radioulnar junction (DRUJ) and the pisi-
form level were the two regions of interests (ROIs) 
that were put across the median nerve, and quanti-
tative analysis with the average mean value was used 
to calculate the apparent diffusion coefficient (ADC) 
and fractional anisotropy (FA) semi-automatically.

• The average value’s apparent diffusion coefficient 
(ADC) and fractional anisotropy (FA) were deter-
mined. The value of FA was decreased and ADC was 
increased. The cutoff value of FA threshold of 0.47 
and ADC threshold of 1.054 ×  10−3   mm2/s might be 
used in the diagnosis of carpal tunnel syndrome.
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Statistical analysis

• Data were input using SPSS (Statistical Package for 
Social Sciences) version 28 for Windows® (IBM 
SPSS Inc., Chicago, IL, USA).

• The mean, standard deviation )SD(, and range were 
used to present quantitative data. We utilized the 
student’s t-test (t). To evaluate the Ultrasound and 
MRN for CTS diagnostic sensitivity, specificity, and 
accuracy, Receiver Operation Characteristic (ROC) 
curves were built.

• P-values < 0.05 are considered significant.

Results
The patients included in the study consisted of 18 
females (72%) and seven males (28%), their ages ranging 
from 27 to 63  years old (mean 47). Patients presented 
with pain, 64% of cases had paresthesia in addition, 16% 
showed muscle wasting, while 84% of the studied cases 
were clinically diagnosed as carpal tunnel syndrome as 
shown in the Table 1. Regarding the electrophysiologi-
cal studies results 36% of the studied cases were diag-
nosed as mild cases 32% were diagnosed as moderate 
cases and 24% were diagnosed as severe cases as shown 
in Table 2.

Ultrasound was overall positive in 84% of the ana-
lyzed patients, however, 16% of the studied cases were 
non-positive (negative and false results) as shown in 
Table 3.

Positive Magnetic resonance neurography (MRN) 
study represents 92% and 76% of the studied cases as 
shown in Table 4.

A highly significant association was identified between 
U/S versus MRN in the diagnosis of nerve entrapment by 
using the paired Fisher exact test as shown in Table 5.

Ultrasound has a high positive predictive value (95%), 
sensitivity (95%), and overall accuracy (92%). However, 
it has a low negative predictive value (67%), and specific-
ity (67%). Magnetic resonance neurography (MRN) has 
a 95% positive predictive value, 90% sensitivity, and 88% 
overall accuracy for diagnosing nerve entrapment. How-
ever, it has a poor negative predictive value of 60% and a 
specificity of 75% as shown in Table 6.

Discussion
Carpal tunnel syndrome is a syndrome referring to the 
clinical presentation of sensory abnormalities (pain, par-
esthesia, numbness) or motor weakness in the expected 
distribution of the median nerve [8].

Carpal tunnel syndrome occurs because of anatomic 
constraints. The carpal tunnel is a common fibro-osseous 
tunnel that may trigger nerve entrapment syndrome [9].

Table 1 Distribution of the studied cases as regards the 
presenting symptoms

Variables No %

Pain 25 100

Paresthesia 16 64

Muscle wasting 4 16

Side

 Right 15 60

 Left 10 40

Table 2 Distribution of the studied cases as regards the results 
of electrophysiology

Variables No %

Not done 2 8%

Mild 9 36%

Moderate 8 32%

Severe 6 24%

Table 3 Distribution of the studied cases as regards ultrasound 
results

Variables No %

Decreased echogenicity 21 84%

Mean ± SD Range

Flattening 2.9 ± 0.5 1.8–4.7

Bowing 4.2 ± 1.08 2–6

Cross-sectional area 20.4 ± 5.2 6.5–30

Conclusion

 Positive 21 84%

 Non-positive (negative and false 
results)

4 16%

Table 4 Distribution of the studied cases as regards MRN results

Variables No %

Decreased FA 23 92%

Increased ADC 19 76%

Table 5 U/S results in comparison to MRN as regards the 
diagnosis of nerve entrapment

True False P

Positive 21(84%) 1(4%)  < 0.001
HSNegative 1(4%) 2(8%)
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Carpal tunnel syndrome is caused by abnormalities 
that compress the median nerve, such as ganglion or 
amyloidosis. Imaging modalities identify abnormalities 
causing entrapment, such as masses, anomalous muscles, 
and fibrous bands, and confirm or support the diagnosis 
with secondary findings. Secondary signs of carpal tun-
nel syndrome include the consequences of the entrap-
ment on the median nerve itself, such as focal flattening, 
proximal swelling, or hypoechogenicity on sonography 
and abnormal diffusion values (decreased fractional ani-
sotropy and high ADC values) in MRN. In some cases, 
ultrasound might give an alternate diagnosis by reveal-
ing abnormalities other than nerve entrapment that can 
explain the patient’s symptoms (for example, tenosynovi-
tis) [10].

Traditionally, physicians evaluated carpal tunnel 
syndrome using a clinical history, physical examina-
tion, electromyography, nerve conduction studies, and 
somatosensory evoked potential recordings. However, 
because such diagnostic tests and investigations do not 
give specific information about the median nerve and its 
surrounding tissues, the information they may be insuf-
ficient to provide a proper diagnosis. So, clinicians may 
request for additional imaging modalities for full evalu-
ation. The imaging modality utilized for additional work-
up for carpal tunnel syndrome is determined by the 
anatomic location of the abnormality, the clinician’s pref-
erence, local availability, and the radiologist experience 
with each modality [11].

Ismail et  al. [12] mentioned that nerve conduction 
investigations and Electromyography (EMG) are essen-
tial for diagnosing carpal tunnel syndrome due to their 
higher sensitivity than objective physical exams. How-
ever, this technique also produces false negative values in 
about 10% of patients.

According to Bennett and Sears [13], most of the stud-
ies accept EMG as the gold standard and attempt to 
determine the accuracy of other tests compared to the 
EMG.

Magnetic resonance neurography (MRN) can pro-
vide valuable information on nerve diffusion values (FA, 
ADC) in addition to clinical evaluation and electrophysi-
ological tests. In patients with a diagnosis of median 
neuropathy, MRN results make the diagnosis of carpal 
tunnel syndrome of high confidence. As regard to Elkima 
et  al. [14]. M.R.Neurography demonstrates mechanical 
distortion of nerves using measuring the proton diffu-
sion values and comparing them to the normal known 
parameters, this feature reveals distortion of nerves 
at entrapment locations. These findings are typically 
clinically relevant and should be fully considered in the 
diagnosis process. They provide reliable diagnoses that 
complement electrodiagnostic testing in clinical diagno-
sis. Patients with CTS exhibit a specific pattern of DTI 
abnormalities in their median nerve. Fibrosis may be 
causing these functional alterations. MRN may be a via-
ble tool for studying median nerve anatomy in recurrent 
CTS, since it correlates with nerve conduction velocity 
giving more accuracy [15].

Although electrodiagnostic techniques are considered 
the single most accurate diagnostic test, their false nega-
tive and false positive rates have been well documented 
together, nerve conduction studies and electromyogra-
phy can confirm a CTS diagnosis with 85% sensitivity 
and specificity. However, the combined 85% and symp-
toms characteristics provide this accuracy is not opti-
mal. Therefore more accurate diagnostic techniques are 
needed; MRN by using DTI measurements, the FA, and 
ADC values may provide helpful complementary diag-
nostic information [16].

U/S has been used as an easily available method in the 
diagnosis of musculoskeletal abnormalities in a variety of 
clinical settings due to the development and continuing 
improvement of its technology. Also, the combination of 
high-resolution U/S and color Doppler in carpal tunnel 
syndrome provides noninvasive accurate means of diag-
nosis [16] (Figs. 1, 2).

The use of U/S in clinical practice has become common 
place, influencing the diagnosis and the clinical manage-
ment in the symptomatic patient. Current high-end U/S 
systems equipped with modern linear array transduc-
ers in the 5–15  MHz range have given radiologists the 
opportunity to generate high conspicuity images of most 
nerves in the body. These instruments permit the deline-
ation of the normal fascicular structure of the median 
nerve, its vascularity, the recognition of specific and 
sometimes treatable abnormalities, the differentiation 
of endoneural and extraneural pathology, the evaluation 

Table 6 Validity variables of U/S versus MRN results among the 
studied cases

Validity variables %

Ultrasound

Sensitivity 95%

Specificity 67%

Positive predictive value 95%

Negative predictive value 67%

Overall accuracy 92%

MRN

Sensitivity 90%

Specificity 75%

Positive predictive value 95%

Negative predictive value 60%

Overall accuracy 88%
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Fig. 1 35 years old female patient, complaining of tingling, numbness, and burning pain localized in the left thumb, index, middle finger, 
and radial half of the ring finger. With the agreement of the two inter-observer radiologist reported that: Magnetic resonance tractography (a–d) 
images of the left median nerve showing decreased FA values at the distal radioulnar joint (ruj) = 0.36, proximal carpal tunnel = 0.45 and distal 
carpal tunnel = 0.47( n > 0.47). And increased ADC values at distal radioulnar joint (ruj) = 1.495, proximal carpal tunnel = 1.433 and distal carpal 
tunnel = 1.518 (n < 1.054 ×  10−3  mm2/s). E Transverse U/S scanning shows left median nerve compression with increased hypoechogenicity, 
flattening ratio < 2, and increased cross-sectional area measuring 14  mm2
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of the extent of lesions, and the assessment of involved 
median nerve at follow-up examination [17].

In this study, we are trying to assess the musculoskel-
etal ultrasound and MRN (DTI) as reliable, noninvasive, 
recent, and accurate methods that can investigate the 
median nerve in the carpal tunnel in the upper extremity 
as the commonest site of nerve entrapment and can give 
a clue to the etiology of the carpal tunnel syndrome.

To our knowledge, there are a lot of papers that have 
discussed the musculoskeletal ultrasound but unfor-
tunately, very few papers discussed the role of MRN in 

the assessment of the median nerve in carpal tunnel 
syndrome.

According to Omole et al. [18], carpal tunnel syndrome 
is the most prevalent upper limb entrapment syndrome, 
with an estimated frequency of 125 ×  106 new cases 
each year. In combination with other investigations, 23 
patients (out of 25 cases, 92%) in our research were clini-
cally diagnosed and electrophysiologically confirmed as 
carpal tunnel syndrome.

Our study consisted of 25 patients, with 18 females and 
seven men ranging in age from 27 to 63 years old.

Fig. 2 32 years old female patient complaining of tingling, numbness, and burning pain localized in the right thumb, index, middle finger, 
and radial half of the ring finger. After the inter-observation of the two radiologists agree that a–d images show: MRI axial T2 WI’s of the carpal 
tunnel showing a bilobed median nerve with early bifurcation at the distal end of the carpal tunnel denoting incomplete bifid median nerve. e MRI 
axial T1 WI’s at the level of hamate bone showing bilobed median nerve with flattening ratio 3.2 (left image) ([m/n], normal ratio less than three) 
and bowing of the flexor retinaculum with ratio 0.18 (right image)([z/x], normal ratio less than 0.14). f Post-processing diffusion-weighted MR fiber 
nerve imaging and tractography of the right median nerve showing decreased FA values at the distal radioulnar joint (ruj) = 0.30, proximal carpal 
tunnel = 0.45, and distal carpal tunnel = 0.32 (n > 0.47). And increased ADC values at distal radioulnar joint (ruj) = 1.268, proximal carpal tunnel = 1.735 
and distal carpal tunnel = 1.407 (n < 1.054 ×  10−3  mm2/s). g Transverse U/S scanning of the carpal tunnel showing bilobed median nerves (arrows). T: 
tendon, arrows: median nerve
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All of them were presented clinically with pain at the 
distribution of the median nerve, where four of them 
showed wasting of the thenar muscles; while sixteen 
patients were suffering from hand paresthesia.

Fifteen patients had right-sided lesions, while ten 
patients had left-sided lesions. In addition, associated 
medical conditions were appreciated in our cases as 
five cases were diabetic; and five cases were known to 
have rheumatoid arthritis.

Nerve conduction studies were done for twenty-three 
patients confirming nerve conduction abnormalities at 
the carpal tunnel with nine cases diagnosed as mildly 
affected, eight cases were moderately affected and six 
cases were severely affected.

In our study, the criteria used for diagnosis of median 
nerve entrapment in the carpal tunnel at the upper 
extremity as regards ultrasound and MRN were as 
follows:

• U/S features coinciding with those used by Yoshii Y, 
Zhao C, and Amadio PC [19]:

– Increased median nerve cross-section area at the 
level of maximum nerve swelling along the carpal 
tunnel directly correlates with electrophysiologi-
cal signs of CTS.

– A median nerve ratio > 1.4—cross-section taken at 
the wrist crease by a normal cross-section taken 
12 cm is diagnostic of CTS. The ratio ‘normalizes’ 
the measurement to the figure/BMI of the indi-
vidual 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.

– Bowing of the flexor retinaculum with a distance 
equal to or more than 4 mm.

• MRN ( DTI) criteria which were coinciding with 
those used by [20]:-

– Decreased fractional anisotropy (FA) value less 
than 0.47

– Increased ADC value more than 
1.054 ×  10−3  mm2/s.

According to the previously mentioned criteria in 
our study, a highly significant association was identi-
fied between U/S and MRN in the diagnosis of median 
nerve entrapment with a P value < 0.001, where nine-
teen patients were diagnosed as true positive in both 
modalities, while one patient was negative in both 

modalities and two patients was positive by U/S and 
negative by MRN.

In addition, while comparing the MRN results to 
those of the ultrasound; true positive results were 
present in 76% of the studied cases, and true negative 
results were seen in 8%, while 4% were false positive 
and 12% were false negative.

So according to our study, we concluded that MRN 
findings showed a maximum sensitivity of 80.7% and a 
maximum specificity of 80%, ultrasound showed high 
positive predictive value of 89%, sensitivity of 91%, and 
overall accuracy of 87.5% but showed low negative pre-
dictive value of 58% and specificity of 67% in the diag-
nosis of nerve entrapment in the carpal tunnel.

Our results agreed with those of [21] concluding 
that a meta-analysis study performed on 32 studies of 
median nerve DTI at the wrist that the most studied 
peripheral nerve with DTI is the median nerve because 
of the potential application to CTS. In their studies, 
they discovered a decreased FA and increased ADC are 
the most commonly observed findings in the median 
nerve compression, the micro-structural changes 
including disruption of axonal architecture and poor 
or lost myelination, lead to a decrease of the property 
of anisotropy which is indicated by increased ADC and 
decreased FA.

In their study, the use of a cutoff value < 0.48 at the level 
of pisiform bone gave the best results with 96.67% sensi-
tivity and 90% specificity, which is nearly the same cutoff 
value.

In their study, the best cutoff value of ADC for diag-
nosis of CTS is the highest ADC value regardless of the 
level of measurement was > 1.24 × 10 − 3   mm2/s as a cut-
off value, the sensitivity was 96.67% with 100% specificity.

Vo [18] concluded that DTI-related metrics at differ-
ent locations to find out the best discriminators. In our 
results, FA was the best predictor of CTS. Moreover, FA 
was able to distinguish different severity stages. Their 
cutoff values of FA at CT are similar to those of other 
published studies, which range from 0.42 to 0.54.

Also Ku et al. [22]. the study included 47 CTS patients 
identified with clinical examination with positive Tinel’s 
and Phalen’s s signs, followed by NCS and electromyogra-
phy (EMG). Diffusion-weighted MRN (DW-MRN) can 
immediately detect median nerve lesions in CTS patients’ 
wrists, although other diagnostic methods may raise sus-
picion. DW-MRN demonstrated significant median nerve 
hyperintensity, and compression as well as the enhanced 
flexor retinaculum. The CTS group showed significantly 
higher median nerve ADC (1.13 ×  10–3  mm2/s) compared 
to the control group (1.06 ×  10–3  mm2/s) (p < 0.01). These 
ADC values might be used to establish ADC cutoffs and/
or contralateral comparison.
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Bagga et al. [1] the study included 26 patients with CTS 
and 19 age and 6 matched healthy volunteers as controls, 
as detailed in the methodology.

Phalen’s test was positive in 73.3% of CTS patients, 
whereas Tinel’s sign was positive in 31.1% of afflicted 
wrists. Nerve conduction investigations revealed that 
most patients (48.9%) had severe CTS. The study indi-
cated that CSA and relative signal intensity of the median 
nerve on MRI differed significantly between patients and 
controls. The cutoff value of CSA > 0.165  cm2 provided 
the best sensitivity and specificity (91% and 87%, respec-
tively). At three of the four levels, there was a statisti-
cally significant difference in median nerve CSA between 
wrists of CTS patients and controls. The cutoff  of  CA 
value is greater than 0.091 cm2 resulted in the best sen-
sitivity (88.9%) and specificity (90.6%). Flexor retinacular 
bowing, with a cutoff value > 0.139, has a sensitivity of 
80% and specificity of 90.6% in detecting carpal tunnel 
syndrome.

The chi-square test revealed that the median nerve 
was hypoechoic in texture of the affected CTS`s wrist 
(p-value < 0.001).

Only one out of 45 wrists with CTS showed increased 
vascularity on power Doppler, while none of the control 
group did.

The study examined the cross-sectional area assessed 
on MRI at 1  cm proximal to the pisiform and USG at 
the pisiform level, which had the biggest areas under the 
curve on ROC analysis. The results showed no significant 
difference (p-value = 0.946). Increased cross-sectional 
area, whether using US or MR, effectively detects and 
excludes CTS.

Although increased median nerve signal intensity and 
retinacular bowing on MRI are statistically significant, 
they do not reliably predict CTS. However, retinacular 
bowing assessments in the US giving good diagnosis.

Alkaphoury and Dola [23] concluded that Increased 
CSA was observed in 30 of the 32 (93.7%) patients, 
whereas 59.4% of them showed synchronous increases 
in both the distal nerve flattening and flexor retinacu-
lum bowing indices. In the US, decreased nerve echotex-
tures were observed in 29 of the 32 (90.6%) patients and 
changes in muscle atrophy were observed in two.

The mean CSA was 14.96  mm2 ± 4.2 (range 4–24  mm2), 
the mean bowing index was 15.11 ± 4.42 (range 8.32–
27.00), and the mean flattening index was 2.97 ± 0.69 
(range 1.54–4.20).

Also [24] The study consisted of 46 patients, with an 
average age of 70  years and a range of 16–91  years. In 
42 individuals with CTS, US results were typical of CTS, 
including a significant rise in CSA and CSA ratio.

In the CTS group, there were 25 men and 17 women. 
Twenty-seven were right hands, while 15 were left. 

The mean CSA value was 21   mm2, with a range of 14 
to 36   mm2. The average CSA ratio was 2.9. The average 
diameter ratio was 2.03.

According to these results, MRN and high-resolution 
ultrasonography can be used as an ancillary method to 
the electrophysiologic tests in diagnosing patients in 
whom the median nerve is compressed at the carpal tun-
nel. Also, those patients who cannot be diagnosed elec-
trophysiologically, because of the false negativity of the 
NCS will be able to be diagnosed.

MRN is a more accurate tool than NCS or EMG for 
diagnosing the specific location of nerve entrapment and 
measuring nerve recovery after surgery. Furthermore, 
when symptoms persist despite the interventions, MRN 
can be utilized to confirm the diagnostic criteria and 
reveal diseases that were previously unknown on physical 
examination and NCS/EMG.

Conclusions
In clinical practice, nerve conduction investigations 
remain the most reliable way to diagnose carpal tunnel 
syndrome. However, magnetic resonance neurography 
is one of the most important and recent imaging modali-
ties which has an exceeding role in the diagnosis of carpal 
tunnel syndrome due to its effective ability in tracking the 
median nerve and has a great role in following up carpal 
tunnel syndrome patients post operatively as it was more 
accurate in assessing the respond of the nerve fibers after 
removal the cause of the compression.

Also, a high-resolution ultrasound examination is an 
effective, satisfactory modality in the diagnosis of median 
nerve entrapment syndrome within the carpal tunnel. Its 
low cost, minimal time requirements, and general avail-
ability favor its use as the initial study in evaluating the 
median nerve entrapment syndrome. Sonography has the 
additional advantage of being a dynamic study. Yet, it is 
still operator dependent.

We recommend increasing the sample size with longer 
observation, and postoperative follow-up, for further 
inspecting the significance of diffusion indices in evaluat-
ing CTS.
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