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SUMMARY: Carpal tunnel syndrome (CTS) is a common entrapment neuropathy of the median nerve (MN). The objective of this study
was to evaluate and compare the cross-sectional surface area of the canalis carpi (CC), median nerve (MN), and flexds)andmtets
diagnosed with unilateral carpal tunnel syndrome (CTS) with those of the unaffected side, utilizing magnetic resonan@&Rijagidditionally,
the study aimed to assess and compare the volume of the CC and MN between the affected and unaffected sides. 18 uieifatdegd@EBLS
were included in this study. Magnetic resonance images were obtained using a 1.5-T MRI scanner. The sectional surfaceusmnescértioe
CC, MN, and structures inside were measured using Analyze version 12.0 software. The sectional surface area and vol@endfité C
were significantly larger on the CTS side than on the healthy side (p<0.05). The results showed that the cross-sectéoastasaffdeC
gradually decreased towards the beginning and end of the CC, but the values were higher on the side with CTS than psitfe (peditb5).
The cross-sectional surface area of the CC, MN, and FTs was significantly larger on the CTS side compared to the higalthgrsidee, the
volumes of the CC and MN were notably elevated on the CTS side in comparison to the healthy sidastinement of these parameters using
MRI may be useful in the diagnosis and assessment of CTS.
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INTRODUCTION

Carpal tunnel syndrome (CTS) is a conditiorincluding arthritis, diabetes, or thyroid disease, can also
characterized by compression of the median nerve (MNjontribute to its development (Aroori & Spence, 2008; Genova
which is a common entrapment neuropathy (Ostak, 2022). et al, 2020). According to recent studies in the iteratdre, it is
The MN traverses from the forearm through the wrist to th&een that the prevalence and incidence of CTS have increased
hand and is responsible for providing sensation to the palin,recent years, which causes significant socioeconomic costs
thumb, index finger, middle finger, and half of the ring finger{Aroori & Spence, 2008; Zhuargj al., 2020).

Additionally, it controls certain small muscles in the hand

(Lopponenet al, 2022). Compression or constriction of the The pathophysiology of CTS is multifactorial.
MN at the wrist can lead to pain, numbness, and tingling increased pressure within the CC is a crucial factor in the
the affected hand and fingers. These symptoms are oftdevelopment of clinical CTS. Anatomical compression of the
triggered by factors such as sleep, repetitive hand or aiviN may result from the increased volume of other components
positions, and repetitive hand or wrist movements (Osiak of the CC (Osialet al, 2022). Fibrosis of the subsynovial
al., 2022). CTS is a prevalent condition that can affect anyoremnnective tissue surrounding the flexor tendons (FTs) may
but is more commonly observed in women and older adul&lso be a source of compression (Genewval, 2020). The
Repetitive hand and wrist movements, such as typing or usidiggnosis of classical CTS is based on the patient's clinical
a computer iter, are common causes of CTS. Other conditiorgsamination, electromyography (EMG), and nerve conduction
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studies (Aroori & Spence, 2008). In addition to sensitive The objective of this study was to evaluate and
electrophysiological tests, there are alternative diagnostompare the cross-sectional surface area of the CC, MN,
methods for the diagnosis of CTS thanks to the developmemtd FTs in patients diagnosed with unilateral CTS with those
of new nerve imaging techniques, and there are conservatoafethe unaffected side, using MRI. Additionally, the study
and surgical treatment methods for its treatment (Hetrah,  aimed to assess and compare the volume of the CC and MN
2019). between the affected and unaffected sides. This may help to
better understand the pathophysiology of CTS and contribute
There are many studies in which measurements td the development of more effective diagnostic and
the structures in the canalis carpi (CC) are made by imagitrgatment strategies.
related to CTS (Hersét al, 2019; Neet al, 2021; Funahashi
et al, 2022). Numerous previous studies on the volume of tiATERIAL AND METHOD
CC have reported volumetric differences in CTS compared to
healthy individuals (Andersogt al, 2022). Study Design.The prospective cross-sectional study included
female patients who presented to the Physical Therapy and
To measure these parameters, various imagimehabilitation clinic at Kahramanmaras Sutcu Imam
techniques can be used, such as magnetic resonance imabiniyersity Faculty of Medicine with complaints of hand
(MRI), ultrasound (US), and computed tomography (CThumbness and weakness, and who were diagnosed with
scan. The US is a cost-effective and non-invasive imagingilateral idiopathic CTS based on their medical history,
modality that can be used to visualize the CC and MN physical examination, and EMG results. Ethical approval was
real time (Herslet al, 2019). MRI and CT scan can provideobtained from the local ethics committee with decision number
high-resolution images of the CC and surrounding structure€)15/424 before the study commenced. The study was
which can be used to accurately measure the sectional surfemeducted in accordance with the Declaration of Helsinki, and
area and volume (Merhatal, 1986; Funahaskt al, 2022).  written consent was obtained from the female patients included
MRI is widely accepted as the gold standard for thim the study to use their MRI.
measurement of peripheral nerve thickness (Crnlehac,
2016; Hershet al, 2019). MRI allows for accurate andParticipants. Atotal of 18 female patients with a diagnosis of
detailed visualization of the CC and MN, which is noCTS and aged between 30-60 years were enrolled in the study.
possible with other imaging modalities like X-ray orPatients with a history of wrist trauma or surgery, steroid
ultrasound (Bowerst al., 2022; Oten & Ugur, 2022) injection, systemic diseases (such as gout and diabetes), kidney
disease, and connective tissue disorders such as rheumatoid
There have been several studies investigating tlathritis were excluded. In the study, demographic information
sectional surface area and volume of the CC, MN, armlich as age, height, weight, dominant hand, occupational
structures inside in unilateral CTS (Woeg al, 2004; status, number of births, and carpal tunnel questionnaire were
Crnkovicet at 2016; Bowergt al,, 2022; Oten & Ugur, 2022). recorded for all patients. Diagnosis of CTS was confirmed by
Wong et al (2004), used US to measure the cross-sectiortadth physical examination and EMG, and all patients had CTS
surface area (CSSA) of the MN proximal to the CC in patientm the right side. In addition, all of the patients included in the
with CTS and compared them to controls. They reported thstidy had right-sided dominant hands.
the CSSA was significantly larger in CTS patients and that it
was a useful tool for diagnosing CTS (Woeigal, 2004). Measurements.The proximal and distal margins of the CC
Ghasemet al (2017), used US to measure the CSSA of th@ere manually determined by using the Analyze 12.0 program
MN in patients with CTS and compared them to controls. Theyn wrist MRI taken routinely at the Radiology Department of
reported that the CSSA of the MN was larger in CTS patientSU Faculty of Medicine. Each measurement was repeated
and that there was a positive correlation between the sectiotiake times, and the results were averaged. The CSSAs of the
area and severity of CTS symptoms (Ghasetnal, 2017). CC, MN, and FT of nine muscles passing through the CC were
Crnkovic reported in his study in 2016 that an increase in Q@easured (Figs. 1 and 2). All measurements were made by
volume was related to an increase in MN CSSA (Crnketiic the same researcher (MMG).
al., 2016). Furthermore, MN CSSA has been reported as a
prognostic value for CTS and a reliable indicator for disead&lume calculation.Once the boundaries had been delineated
severity (Nget al, 2020). However, in CTS, there are limitedfor MN and CC, we calculated the volume of each structure
studies on the volume of MN, and these are controversiay multiplying the area of each slice by the slice thickness
(Crnkovicet al, 2012, 2016). Additionally, there have beerand summing the values across all slices.
no studies comparing the volume of the CC and its componeMsume of MN/CC =) (slice thickness x total cross-sectional
between the healthy and CTS side in unilateral CTS. area of MN/CC)
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The reference point with the widest CSSA of the

CC on the side with CTS was found to be at the level of
the radioulnar joint, while the narrowest reference point
was the proximal end of the metacarpals. Similarly, the
reference point with the largest CSSA of the MN on the
side with CTS was found to be the os pisiforme line, with
the narrowest reference point being the proximal end of
the metacarpals.

MRI sequence.To obtain morphometric data for the CC,
images were used from a T1-weighted 1.5 T Philips MRI
device. In the determination of the MR acquisition protocol,
MRI protocols specified in the literature where the MN
images were obtained clearly and the margins were clearly
seen were used. The MRI protocol used in this study
included fast spin-echo T1-weighted and T2-weighted
sequences with a section thickness of 3 mm in the axial
plane. The following parameters were used: field of view
(FOV) of 100 mm, matrix of 320x320, resolution of
3.2x3.2x3 mm, number of excitations (NEX) of 1, echo
train length (ETL) of 2, repetition time (TR) of 543 ms,
and time (TE) of 8 ms. T2-weighted images were obtained
with a slice thickness of 3 mm in the coronal and axial
S ",.-" i ‘lg I directions, FOV of 100 mm, matrix of 380 X 380, NEX of

- - . 2, ETL of 12, TR of 450 ms, and TE of 11 ms.

Fig. 1. The CSSAs of the canalis carpi along the carpal tunnel. CC.
Canalis carpi; R. Radius; U. Ulna; P. Os pisiforme; HH. Hamulus
ossis hamati; MC. Metacarpal.

Statistical analysis.The collected data was analyzed using
SPSS (Statistical Package for the Social Sciences) version
21.0. The normal distribution of the data was assessed using
the Kolmogorov-Smirnov test. Descriptive statistics, such
as mean and standard deviation, were provided. The
independent samples t-test was employed to compare
volume and surface area values for variables that exhibited
a normal distribution. Pearson correlation analysis was
performed to examine the associations between body mass
index and the measured values. The statistically significant
difference was set as a p-value of p<0.05.

RESULTS
Eighteen female patients between the ages of 30

and 60 with a mean age of 429110 years who were
diagnosed with CTS were included in the study (Table I).

Table | Demographic data of the individuals participating in the
study.

N Min. Max. MeantSD

Age 18 30 60 42.11+9.10
Height 18 148 166 160.22+4.44
- Weight 18 57 102 78.00+10.77
Fig. 2. The CSSAs of the median nerve along the carpal tunnel.Number of births 18 1 8 3.62+1.89
MN. Median nerve; R. Radius; U. Ulna; P. Os pisiforme; HH. BMI 18 2479 4380 33.56+5.16
Hamulus ossis hamati; MC. Metacarpal. BMI. body mass index.
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Table II. CC, MN and FTs cross-sectional surface area values of patients with CTS and healthy side at four reference points.

Side withCTS Healthy Side
Reference point CC (min MN (mnv) FTs (mnd) CC (mnf) MN (mnv) FTs (mnd)
Distal radioulnar joint 270.49+24 .15 18.2+3.1 81.04+9.24 256.26+27.32 15.89+3.1 73.12+10.02
Os pisiforme 216.27+14.95 21.95+4.67 74.01+9.3 194.43+17 22 19.27+3.92 69.21+8.85
Hamulus ossis hamati 186.48+10.46 16.83 £2.3 79.1+10.23 173.25+16.21 13.86+2.78 7229 49.42
Metacarps proximal end 176.76 9.2 13.86+2.01 169.3+12.73 12.22+2.12

CTS. Carpal tunnel syndrome; CC. Canalis carpi; MN. median nerve; FTs. Flexor tendons.

In all images related to the MN, it was observed When the CC, MN, and FTs CSSAs and the volume
that the CSSA of the MN was the highest at the level of tvalues of CC and MN of the healthy individuals and the
os pisiforme, and the smallest level was at the level of te&le with CTS were compared, it was seen that the values
distal carpal and the proximal end of the metacarpals (Tablere higher than the healthy side without CTS and this was
). statistically significant (p<0.05, Table IlI).

Table Il Comparison of the measurement values of the individuals participating in the study on the healthy and

CTS side. Mean SD P

CC cross-sectional surface area fnm With CTS 21250 14.69 0015
Normal 198.31 18.37 ’

MN cross-sectinal suface area (mR) With CTS 17.71 3.02 0.022¢
Normal 1531 298 ’

FTs cross-sectional surface area finm With CTS 78.08 959 0.047*
Normal 7154 943 ’

CC volume (mm) With CTS 7965.52 817.28 0.012¢
Normal 727793 74061 ’

MN volume (mnf) With CTS 642 .96 113.87
Normal 55526 9859 0.019*

CTS. Carpal tunnel syndrome; CC Canalis carpi; MN. Median nerve; FTs. Flexor tendons, *p<0.05 (Independent sample t-
test).

Table IV shows the correlations between body mag&SCUSSION
index and CSSAs of the CC, MN, and FTs, as well as CC
and MN volume values measured on the side affected by  In this study, it was observed that the volume of
CTS. No statistically significant correlation was observeMIN and CC in female patients with unilateral CTS was
between body mass index and CSSAs of CC, MN, or F$satistically higher compared to the healthy side.
(p>0.05). Similarly, there was no significant correlatiordditionally, the CSSAs of the CC, MN, and FTs were
between body mass index and CC or MN volume valusgnificantly larger on the side affected by CTS.
(p>0.05).
CTS develops due to elevated interstitial pressure

Table IV Correlations between body mass index and measuremiémthe CC, and mechanical trauma and ischemic injury to
values on the side with CTS. the MN play a role in its pathophysiology (Gen@&tal.,

BMI  2020; Osiaket al,, 2022). While the diagnosis of CTS is

CC cross-sectional surface area §nm r 0094 mainly based on clinical symptoms, signs, and nerve
p 0.734  conduction studies, alternative diagnostic tests such as US
MN cross-sectioal suface area (mf) r g-ig? and MRI are useful When nerve conduction studies yield
P 0'111 normal results (Aroori & Spence, 2008).
FTs cross-sectional surface area finm ' -0.681
'? 0'405 MRI reliably display the flexor retinaculum and
CC volume (mm) o 0'120 carpal bones and thus define the boundaries of the CC.
; 0'432 MRI is an extremely useful tool for evaluating primary
MN volume (mm) D 0095 herve pathologies and space-occupying lesions that cause

BMI. Body mass index; CC. Canalis carpi; MN. Median nerve; FTs.FIex&ompre$S|on' .SUCh as hemangloma' gangllon’ Or_bone
tendons; r. Correlation coefficient. deformity, which may affect the range of surgical
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interventions (Kumarét al, 2019). The use of MRI as ato the distal (Merhaet al, 1986; Fuijitaet al, 2019), which

diagnostic method for CTS has significantly increased imas consistent with our findings. A different study

recent years (Ngt al, 2020). measured the CC CSSA of patients with CTS at the
hamulus osis hamati level on MRI as 128X mn%

A close association between increasing age and ClRujitaet al, 2019). While in our study at the same level,
has been reported in the literature, with the highedtwas 181.3215.27 mn on the side with CTS and
prevalence occurring between the ages of 40 and 603.2:18.24 mmon the healthy side. Additionally, a recent
(Genovaet al., 2020). In the present study, patientstudy conducted in 2021 found that patients with CTS
diagnosed with CTS had ages ranging from 30 to 60, wieixhibited an increase in CC CSSA on MRI three months
a mean age of 42.149.10 years. High body mass indexafter CTS surgery (Ngt al, 2021).

(BMI) has also been found to be associated with CTS, with
the thickness of the MN cross-section increasing as BMI The measurement of the total CSSA of the FTs
increases (Bowerst al, 2022; Lampainert al, 2022). within the CC is challenging due to tendons displacement.
In the present study, the participants had a BMI dfhus, studies investigating FTs-induced nerve damage and
33.56t5.16, indicating that they were in the risk group fomeasuring FTs CSSAs are limited (Kumtal., 2009). In
CTS. On the other hand, no significant correlation wasprior study, the total FTs CSSAwas measured as26.7
found between BMI and CSSAs of CC, MN, or FTs in thenn? at the ossis hamati level in CTS patients, while in the
current study. This finding may suggest that alterations gurrent study, it was measured as 819024 mni (Fujita
CSSAs are not solely attributable to BMI but rather to thet al, 2019). The difference in results may be attributed to
presence of CTS. the fact that only female individuals were included in the
current study and demographic differences.

Wrist positions that are not neutral have been shown
to reduce the volume of the CC and compress the MN Several studies have measured the volume of the
(Andersoret al, 2022). A study reported that the CC CSSAN following CTS surgery. In a study, it was found that
was 162.4 mi 175.0 mm, and 173 mrhfor the 30-degree the MN volume increased 90 days after surgery (Crnkovic
extension, neutral, and 30-degree flexion positionsf al., 2012). Another study measured the CSSA and
respectively (Mogk & Keir, 2008). To enhance thevolume changes of MN after CC release in CTS patients
reliability of our findings, MRI was performed in theusing 3D MRI (Funahastet al, 2022). In yet another
neutral position. Furthermore, a study by Heeshal study, the volumes of CC and MN were measured before
(2019), suggested that MRl and US can serve asd after surgery in CTS patients, and significant increases
alternatives to electromyography and nerve conductiovere observed post-surgery (Crnkoeical, 2016). One
studies for measuring the CSSA of the MN in CTS ( study in the literature measured the CC volumes of healthy

individuals, mild CTS, moderate CTS, and severe CTS

A strong correlation was found between theand found a significant difference between the CC volumes
increased CSSA of the MN and the severity of CTS, af the groups (Oten & Ugur, 2022). In previous studies,
demonstrated in studies using US imaging (Aheteal, the volume changes of the CC and MN in patients with
2022). Consistent with these findings, our study al90TS were typically compared before and after surgery. In
identified a differentiation in the cross-section thicknessontrast to previous research, our study compared the CC
of the MN on the side with CTS. That is, the MN crossand MN volumes between the affected side with CTS and
section thickness on the side with CTS was greater thdne healthy side within the same individuals. Our findings
on the healthy side. Multiple studies have reported thavealed that the CC and MN volumes on the side with
individuals with CTS have higher MN CSSAs compare@TS were larger compared to those on the unaffected side.
to healthy individuals, particularly at the proximal entranckn addition, in our study, no correlation was found between
and distal exit of the CC, as well as at the os pisiforni&MI and volume values of CC or MN. The absence of
and hamulus hamati levels (Mg al, 2020; Boweret correlation between BMI and CC or MN volume values
al., 2022). Our study's results align with the existinghay suggest that alterations in volume are predominantly
literature attributable to the presence of CTS.

In a previous study, it was suggested that MN cross- In the literature, several studies measured CC
sectional thickness measurements on MRI could servevedume in CTS patients (Shah & Li, 2020; Petetrsl.,
a diagnostic criterion and determine the severity of CT&21). Shah & Li (2020), measured the CC volume as 5.367
(Ng et al, 2020). Another study indicated that the C&n? using US on cadavers. In our study, we found that the
CSSA gradually decreases from the proximal starting poimtean CC volume on the side with CTS was 796587
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cm?®, while it was 7.27% 0.74 cni on the healthy side. We GULACTI, M. M.: ACER, N.: KOCAMAN, H. & DEMIREL,

believe that the difference between our results and thasenvestigacion de la superficie seccional y el volumen del tdnel
of Shah's study can be attributed to the technology usedrpiano, el nervio mediano y las estructuras internas en el sindrome
CC volume changes in patients diagnosed with CTS hagi] tinel carpiano unilateraht. J. Morphol., 42(61.604-1610, 2024.
been reported to be different in various studies. The ] ] _

variability in patient BMI and the method used for RESUMEN: El sindrome del tunel carpiano (STC) es una

determining CC CSSAs may contribute to this variabilityUroPatia por atrapamiento comun del nervio mediano (NM). El
etivo de este estudio fue evaluar y comparar la superficie

: . o
Furthermore, so.me. S_tUdles ha\_/e compared patients W[\&stersal del canal del carpo (CC), el nervio mediano (NM) y los
CTS to healthy individuals, while our study focused ofungones flexores (TF) en pacientes diagnosticados con sindrome
unilateral CTS cases, comparing the healthy and affectgél tanel carpiano (STC) unilateral con los del lado no afectado,
sides of the same individuals. As such, our study is origingllizando imagenes por resonancia magnética. Ademas, el estudio
and provides a unique contribution to the literature.  tuvo como objetivo evaluar y comparar los volimenes del CC y el
NM entre los lados afectados y no afectados. Se incluyeron en este

The present study had some limitations. On@studio 18 pacientes mujeres con STC unilateral. Las imagenes de

limitation is that US was not utilized to examine théesonancia magnética se obtuvieron utilizando un escaner de

participants. Generally, US is more convenient anr&sonancia magnética de 1,5 T. El area de superficie seccional y el

ible th MRI idi imilar inf Hi i volumen del CC, NMy las estructuras internas se midieron
accessible than , providing simiiar information at @iz ando el software Analyze version 12.0. El area de superficie

lower cost. Another limitation is the failure to comparggccionaly el volumen del CC y del NM fueron significativamente
electromyography (EMG) and MRI findings, as well asnayores en el lado del STC que en el lado sano (p < 0,05). Los
the omission of pain measurement and its association wiisultados mostraron que el area de superficie transversal del CC
CTS. Additionally, as CTS typically affects both hands, disminuyé gradualmente hacia el principio y el final del CC, pero
primary limitation of our study was the challenge ilos valores fueron mayores en el lado con STC que en el lado

determining the number of patients with unilateral CTSSano (p < 0,05). El area de superficie transversal del CC, NMy
TF fue significativamente mayor en el lado del STC en

comparacion con el lado sano. Ademas, los volimdakeCC y
CONCLUSION del NM fueron notablemente elevados en el lado del STC en

comparacion con el lado sano. La medicién de estos parametros

In our study, we observed that the CSSAs of C(yegiante resonancia magnética puede ser dtil en el diagnéstico y
MN, and FTs, as well as the volume of CC and MN, welg evaluacion del STC.

higher on the side with CTS in female patients compared

to the healthy side. These findings demonstrate that MRI PALABRAS CLAVE: Sindrome del tiinel carpiano;
can be used to accurately measure the carpal tunnel &ggonancia magnética; Tunel carpiano; Nervio mediano;
MN volumes and CSSAs. We believe that clinicians shoulplumen.

take into account these observed changes in the wris
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