
Objective: The purpose of this study was to investigate the effect of transverse carpal ligament (TCL) thickness and the size of carpal tunnel 
area on clinical findings and electrophysiological changes through the wrist magnetic resonance imaging (MRI).

Methods: In this prospective study, the thickness of the TCL and the carpal tunnel areas of preoperative cases diagnosed with carpal tunnel 
syndrome (CTS) were measured via wrist MRI results. The effect of TCL thickness and carpal tunnel area on endocrinopathies such as diabetes 
mellitus (DM) and hypothyroidism and the effect of these variables on clinical findings and electrophysiologic changes were evaluated in the 
light of the literature.

Results: TCL thickness and carpal tunnel area were not statistically significant among DM, hypothyroidism and electrophysiological changes 
(p>0.05).

Conclusion: This study include one of the limited researches comparing the carpal tunnel area and TKL thickness in cases with and without 
endocrinopathy CTS. However, there is a need for further researches that have a greater number of cases, including multi-centered, different-
winged people.
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INTRODUCTION
Thanks to the developing technology, many branches, especially 

orthopedic surgeons and neurosurgeons, frequently benefit 

from magnetic resonance imaging (MRI) while making a clinical 

diagnosis (1-6). In carpal tunnel syndrome (CTS), an ankle MRI 

examination is auxiliary imaging used, especially in cases such 

as evaluation of preoperative intra-canal space-occupying 

lesions (SOL) and detection of postoperative complications (2,7).

From past to present, after the open CTS the weakness of the 

transverse carpal ligament (TCL) on the postoperative digital 

flexor muscles is evaluated, and the effect of the incision of 

the ligament on the volar migration of the median nerve and 

digital flexor tendons is investigated (1) or in idiopathic CTS 

association of morphological anomalies with the severity of 

this syndrome are assessed with the help of MRI (6). However, 

in these trials, generally live mammalians like horses and 

donkeys are used instead of volunteers (4,5). It is known that 

the sensitivity of animal tissues and human tissues is different 

(7,8). In line with this proven scientific fact, the results obtained 

from animal experiments using live mammals are different and 

do not always reflect the truth (7-11). Evaluation of the literature 

reveals that in studies where live mammal subjects are not used, 
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commercial cell lines are generally preferred (12,13). However, 
their results are not trusted because commercial cell lines 
include uniform cells, they don’t contain the microenvironment 
like the extracellular matrix around them, and their phenotypic 
and genotypic properties change in time (14-19).

In this article, animal tissue or commercial cell lines were not 
used while creating the experimental setup. We believe that the 
results may be strong, as the data from this study are from the 
human wrist MRI and electromyography (EMG) tests. The aim of 
this scientific research was to investigate the relationship between 
TCL thickness and carpal tunnel area size with endocrinopathies 
and electrophysiological changes in patients diagnosed with CTS 
and included in this research. 

METHODS
This prospective research was performed after approval from the 
Ethics Committee of Namık Kemal University Medical School with 
a number of 2017/55/05/04 and consent from the volunteers. In 
order to minimize analysis-related errors, similar measurements 
were performed by similar researchers. 

Tools

The EMG device which was used to record the electrical activity 
of muscle and peripheral nerves and measure their functions 
was Nihon Kodhen Corporation Tokyo, Japan (#80270), and the 
MRI device was 1.5 Tesla, GE HEALTHCARE-OPTIMA MRA360. 

Working principle

In this prospective research, we measured TCL thickness and 
carpal tunnel size in wrist MRI’s of preoperative CTS patients 
(n=40). Then, we evaluated whether TCL thickness and carpal 
tunnel size change with endocrinopathies like diabetes mellitus 
(DM) and hypothyroidism and the effects of these variables on 
clinical findings and electrophysiologic changes. The association 
of carpal tunnel size and TCL thickness with endocrinopathies, 
and whether these measurements have effects on EMG findings 
were statistically assessed and discussed considering the 
literature.

Inclusion and Exclusion Criteria for the Cases

The study universe consisted of 67 patients who had complaints 
due to the involvement of sensory fibers of the median nerve 
(n=67). 

Biochemical and hormonal assessments were performed for 
those cases who had flammable pain with tingling and numbness 
at the distal part of the wrist, whose first three fingers and the 
lateral half of the fourth finger were affected, whose sleep is 

interrupted due to numbness and paresthesia and shake their 
hands to relieve the pain, whose pain radiates to forearm and 
shoulder but spares neck, who feels hands painful and swollen 
especially in the morning, who have muscle weakness and 
atrophy at thenar region, and especially who have clumsiness 
which increases with activity and weakness in grasping objects. 
Although the CTS occurs due to idiopathic causes, several blood 
tests were performed for differential diagnosis. These tests 
included fasting plasma glucose, erythrocyte sedimentation 
rate, rheumatoid factor, anti-nuclear antibody, thyroid function 
tests, uric acid, and predisposing metabolic storage diseases. 

After biochemical laboratory tests, the subjects were taken to the 
EMG laboratory to be evaluated with EMG. Mild CTS patients who 
have slowed median distal sensory conduction and lower than 
normal sensory action potential amplitude by orthodromic, 
antidromic, or palmar pathway (n=10), moderate CTS patients 
who had increased median nerve distal motor latency in addition 
to mild CTS symptoms (n=4), and subjects who had Raynaud 
phenomenon (n=1), dry skin (n=2), swelling (n=2), and color 
changes (n=3) at median nerve distribution area were excluded. 
In the study group, there was no case with tumoral lesions, bone 
fractures, neural cyst, or ganglion cyst. If there were any, those 
cases also would have been excluded. 

Subjects who have severe CTS (n=40) according to EMG findings 
such as frequently absent sensory action potential, “-“ thenar 
response, a severe decrease in amplitude, delayed distal 
latencies, and partial denervation in thenar EMG were included 
in this study.   

Electrodiagnosis and EMG

An EMG analysis was performed for all patients who were 
clinically thought to have CTS and included in the study to 
differentiate CTS from cervical spondylosis, brachial plexus 
lesions, peripheric polyneuropathies, thoracic outlet syndrome, 
multiple sclerosis, cervical (C5-6) radiculopathies, entrapment 
neuropathies at other sites of the median nerve, and to measure 
the severity of median nerve injury. During the performance 
of these measurements, the guidelines of the American 
Association of Electrodiagnostic Medicine, American Academy 
of Neurology, and the American Academy of Physical Medicine 
and Rehabilitation were taken into account. The diagnosis 
was made by measuring distal/proximal sensory ratio, which 
is the ratio of digit-wrist conduction velocity and palm-wrist 
conduction velocity performed from the third digit. According 
to this sensory conduction was measured at a 13-14 cm area 
in which CTS symptoms are seen. These values were compared 
with the conduction velocities of other regions that innervate 
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neighboring areas. According to the EMG results, the cases were 
grouped into 4 categories as normal, mild, moderate, and severe 
CTS (20).

In radiological evaluation, multiplanar MRI was used because 
it demonstrates musculoskeletal system diseases and soft tissue 
problems with high resolution and multiplanar cross-sectional 
evaluation (Figure 1a). The MRI sequences to be measured were 
fat-suppressed proton density axial (PDA) evaluation, and axial 
T1 weighted evaluation. PDA evaluation parameters were TR: 
2500, TE: 13, FOV: 8 cm, matrix: 512x256, slice thickness: 2 mm, 
gap: 0.5 mm, NEX: 2, ETL: 8, BW: 14 and axial T1A evaluation 
parameters were TR: 500, TE: 10, FOV: 8 matrix: 512x256, slice 
thickness: 2 mm, gap: 0.5 mm, NEX: 2, BW: 14. During MRI 
evaluation antero-posterior thickness of flexor retinaculum was 
performed at the level of hamulus of hamatum (Figure 1b). In 
addition, an increase in median nerve thickness was measured 
at the psiform bone level, and median nerve compression and 
carpal tunnel area were measured at the hamatum level (Figure 
1c) (21).

The measurements were performed with Sectra pacs (version 
18.2; 2017) program. 

Surgical Technique

During the preoperative evaluation, all of the cases were taken 
to the operation table. While the patients were at a neutral 
supine position, the antisepsis of the surgical area was achieved 
by 10% polyvinylpyrolidone solution. The hand was positioned 
as palm facing upwards. A longitudinal, approximately 1-1.5 
cm incision line was marked, starting from the Kaplan cardinal 
line close to the flexor retinaculum, along the imaginary line 
passing through the radial edge of the fourth finger. To achieve 
anesthesia at incision line, lidocaine and epinephrine solutions 
were applied in 4 mL volume after dilution within 0.9% isotonic 

sodium chloride solution. Skin and subcutaneous tissue were 

passed with a surgical incision. TCL was identified and incised. 

The median nerve was decompressed. Bleeding control was 

established, subcutaneous tissue and the skin were sutured in 

accordance with the anatomical origin, and the operation was 

terminated.  

Statistical Analysis 

The data were analyzed with SPSS 20.0 package program. 

Descriptive statistics were given as mean ± standard deviation 

or median and frequency. Fisher’s exact test and the Fisher-

Freeman Halton tests were used to compare qualitative data. 

Because data obtained after the exclusion of subjects who didn’t 

meet research criteria were not normally distributed, Mann-

Whitney U test was used instead of the student’s t-test. Then, the 

association was controlled using Spearman’s Rho test. The results 

were evaluated with a 95% confidence interval, and p<0.05 was 

accepted as the significance level. 

RESULTS
Demographic features and accompanying metabolic and other 

diseases were classified in subjects’ diagnoses as CTS (Table 1). 

No significant association was detected between CTS area and 

TCL thickness (rs=-0.020; p=0,903; p>0.05) (Table 2). Also, there 

was no significant association between TCL thickness and carpal 

tunnel area with DM, hypothyroidism, and electrophysiological 

variables (p>0.05) (Table 3). 

DISCUSSION
In order to diagnose CTS, anamnesis, physical, and neurological 

examinations of the subject are evaluated together (22), and 

diagnostic provocative and electrodiagnostic tests are performed 

Figure 1. Noncontrast T1 Hand MRI. Axial sections through the wrist. a) Vertical section of the carpal tunnel, b) TCL thickness, c) measurement of 
carpal tunnel area
TCL: Transverse carpal ligament
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for subjects who are believed to have CTS (23). By this way, CTS 
may be differentiated from other neuropathies (24).

After excluding rheumatological diseases and conditions such 
as sequelae of old fractures, radiological methods are used to 
evaluate parameters such as space occupying lesions in carpal 
tunnel, decreased carpal tunnel area due to osseous pathologies, 
and TCL thickness. (3,23). After Fornage et al. (25) detected TCL 
thickening in CTS patients using ultrasonography, hand MRI was 

started to be used in 1986, and it gained popularity in years. 
Neurophysiologic studies (NPS) have an important role in CTS 
diagnosis today, but there are studies in the literature that 
reported NPS does not help to diagnose typical CTS patients, and 
it results in more confusion than its benefits (26). Later, studies 
emerged that emphasized that neurophysiological studies have 
important roles in CTS diagnosis (27,28). Hand ultrasonography 
and conventional hand MRI studies during the same years 
demonstrated the fibrosis and edema in TCL in CTS patients (29).

With the advance in diagnostic evaluation tools, studies emerged 
in the literature, which demonstrated that in endocrinopathies 
like DM and hypothyroidism, TCL hypertrophy causes CTS. Based 
on this, surgical decompression for CTS cases due to DM may 
relieve sensory findings (30).

In this study, contrary to the literature, no statistically significant 
association could be found between TCL thickness and carpal 
tunnel area with DM, hypothyroidism, and electrophysiologic 
variables.

Netscher et al. (1) investigated the role of TCL in postoperative 
weakness and flexor digital canal system in CTS patients who 
were operated with open surgery. They used cadavers to study the 
effect of TCL on flexor tendons during the course of flexor tendons 
in the carpal tunnel. Using MRI imaging, they demonstrated 
that compared with the patients who were operated with 
other methods, patients who had TCL reconstruction with flap 

Tablo 1. Demographic data and the distribution of systemic 
diseases accompanying CTS

Age (Years) Mean ± standard deviation 55.60±11.38

Sex 
(Frequency)

Female 38 (95%)

Male 2 (5%)

Height (cm) Mean ± standard deviation 160.33±7.5

Weight (kg) Mean ± standard deviation 77.5±14.40

Body mass 
Index (kg/cm2)

Mean ± standard deviation 30.24±5.79

Accompanying 
diseases 
(frequency)

No 24 (60.0%)

Yes 16 (40.0%)

Type of 
accompanying 
disease 
(Frequency)

Diabetes mellitus 8 (20.0%)

Hypertension 9 (22.5%)

Rheumatoid arthritis 7 (17.5%)

Hypothyroidism 2 (5.9%)

CTS: Carpal tunnel syndrome

Table 2. Comparison of carpal tunnel area and transverse ligament thickness in cases that have or don’t have accompanying 
endocrinopathy

Carpal tunnel area (mm2) Transverse ligament thickness (mm)

DM

Yes (n=8) Mean ± SD 206.94±27.22 0.94±0.16

No (n=30) Mean ± SD 202.71±28.79 0.96±0.14

p* 0.624 0.945

Hypothyroidism

Yes (n=2) Mean ± SD 187.47±14.80 1.00±0.17

No (n=30) Mean ± SD 202.71±28.79 0.96±0.14

p* 0.095 0.282

*Alpha significance values obtained after Mann-Whitney, DM: Diabetes mellitus, SD: Standard deviation

Table 3. The association of TCL thickness, and carpal tunnel area with diabetes mellitus, hypothyroidism, and electrophysiological 
variables

DM Hypothyroidism EDS

Spearman’s rho

DM Correlation Coefficient 1.000 -0.115 -0.120

Sig. (2-tailed)¥ - 0.481 0.459

Hypothyroidism

Correlation coefficient -0.115 1.000 0.175

Sig. (2-tailed)¥ 0.481 . 0.281

EDS Correlation coefficient -0.120 0.175 1.000

Sig. (2-tailed)¥ 0.459 0.281 -
¥Alpha significance values for Spearman’s rho correlation test, *EDS; electrophysiological study, DM: Diabetes mellitus
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transposition technique had less volar migration at 12-week 

follow up and less postoperative adhesions (1).

Another study retrospectively evaluated the diagnosis and 

treatment of 12 CTS cases that developed due to SOL inside 

the channel (3). Subjects who had space-occupying osseous 

lesions such as distal Radius fracture or lunate dislocation 

were excluded. The study included three males and eight 

females with a mean age of 51.  The subjects were followed 

for 18 months after the operation, and the CTS diagnosis was 

made using clinical evaluation and EMG. In cases which were 

detected to have swelling and tenderness in the wrist line 

location, imaging studies such as wrist MRI and computed 

tomography (CT) were used for diagnostic evaluation. Using the 

classical open surgery technique, SOL was excised. Pathological 

evaluation of the excised SOL tissues revealed tuberculous 

tenosynovitis in three cases, nonspecific tenosynovitis in two 

cases, and gout in one case. Pathological evaluation of the 

other cases demonstrated CTS due to tumoral lesions in 5 

cases; four of them were calcified, and 1 was originated from 

the ganglion. In postsurgical follow-up, all patients remitted, 

and no recurrence or complication was seen. The authors 

concluded that the presence of SOL should be excluded in cases 

detected to have swelling or tenderness at wrist line location, 

and imaging studies such as MRI or CT are required for these 

patients (3).

Our study results demonstrated that there were no tumoral 

lesions, neural compression due to bone fractures, or ganglion 

cyst in our study group. 

Tanaka et al. (23) investigated whether high-resolution MRI 

could detect the triangular fibrocartilage complex injuries. 

High-resolution MRI was performed to subjects who had a 

positive ulnocarpal stress test and ulnar distal end tenderness 

at the wrist, and radial attachment, disc, ulnar part of triangular 

fibrocartilage, ulnotriquetral ligament, palmar radioulnar 

ligament (PRUL), and dorsal radioulnar ligament (DRUL) were 

evaluated. They concluded that although high-resolution MRI 

couldn’t exactly detect DRUL, PRUL, and ulnolunate ligament, 

it was a safe imaging method for the radial part and disc area 

injuries (23).

Gray et al. (4); performed a prospective cadaver study in horses 

to evaluate whether CT arthrography was a useful imaging 

method to examine intercarpal ligament in horses. They found 

that CT arthrography was a useful imaging method to evaluate 

intercarpal ligament, and it can be used diagnostically to assess 

disability due carpal tunnel injury in horses (4). 

We used only a wrist MRI to evaluate cases in our study.  

A study that emphasized palmar metacarpal region is very 
important in horses and monkeys because it includes tendons 
and ligaments which contribute to the grasping of substances 
evaluated ligaments and tendons belonging to the palmar 
surface metacarpals of the healthy miniature monkeys (n=6) 
using MRI (5). 

In this study, ligaments and tendons were evaluated by 
anatomic dissection and MRI, and the authors concluded that 
MRI was a very useful imaging method to evaluate soft tissues 
such as tendons and ligaments in the metacarpal region of 
living mammalian subjects. They detected that the suspensory 
ligament, deep digital ligament, and inferior check ligament 
were similar to horse ligaments. They also found that superficial 
digital flexor ligament has a superficial check ligament that 
emerges before the carpal joint in these animals. On the other 
hand, they found that miniature monkeys had another ligament 
originating from the large metacarpal bone called the second 
accessory ligament. The authors reported that this ligament 
could be detected by MRI, a monkey can grasp things thanks 
to this ligament, and this is a morphological feature for such 
monkeys (5).

Ikeda et al. (6) used 3-tesla MRI to evaluate the correlation 
between morphological abnormalities in idiopathic CTS 
and CTS severity. They evaluated the relationship between 
CTS severity and cross-sectional areas at multiple levels and 
performed nerve conduction studies and wrist MRI at both 
hands of unilateral CTS cases (n=35). At both the affected and 
unaffected hands median nerve was evaluated at 4 levels: 
distal radioulnar joint, the corpus of the scaphoid bone, 
scaphoid tubercle, and hamulus of the hamate bone. TCL 
thickness was evaluated at 3 regions with MRI and correlated 
with subjects who were detected to have severe CTS after 
distal motor latency study. The authors detected that in the 
affected hand, the median nerve cross-sectional area (MNCA) 
at the corpus of scaphoid bone was significantly larger than 
the unaffected hand. In addition, they suggested that the 
(MNCA) at hand was positively correlated with distal motor 
latency (6). 

In this study, we also excluded Mild CTS patients who have 
slowed median distal sensory conduction and lower than normal 
sensory action potential amplitude by orthodromic, antidromic, 
or palmar pathway, moderate CTS patients who had increased 
median nerve distal motor latency in addition to mild CTS 
symptoms, and subjects who had Raynaud phenomenon, and 
dry skin, swelling, color changes or other autonomic sympathetic 
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nervous system involvement findings. The mean age of the cases 
included in our study was 55.60±11.38 years and involved 38 
females and 2 males. 

CONCLUSION
In conclusion, contrary to the literature, we couldn’t detect a 
statistically significant association between carpal tunnel area 
and TCL thickness in this study (rs=-0.020; p=0.903; p>0.05). Also, 
no statistically significant association could be detected between 
TCL thickness and carpal tunnel area with DM, hypothyroidism, 
and electrophysiological variables.  The low number of cases 
with endocrinopathies and the inclusion of people from the 
same race are the limitations of this study. 

This prospective study is one of the few studies that compared 
the carpal tunnel area and TCL thickness using radiological 
evaluations in CTS patients with or without endocrinopathies. 
Prospective, multi-center studies that involve CTS patients 
with endocrinopathies from multiple races are urgently 
required. 
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