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Abstract

Introduction: Carpal tunnel syndrome (CTS) is one of the most common peripheral
neuropathies caused by chronic compression of the median nerve in the area of the
carpal tunnel. The purpose of our study was to evaluate the demographic data in patients
with carpal tunnel syndrome and determine the association between obesity and CTS
severity.

Material and methods:A total of 116 surgically treated patientswith established
diagnosis of CTS (clinically and by electrophysiological examination),were included
according to inclusion criteria in this prospective study, which was conductedat
theUniversity Clinic for Orthopedic Diseases in Skopje.Demographic data, findings of
history of the disease, clinical, electrophysiological examination and BMI
measurements were recorded and analyzed.

Results:Eighty-sevenpatients were female and 29 male, with a mean age of 55.41+10.7
years (age range 27-75). The body mass index (BMI) had an average value of 27.7 £ 5.6
kg/m? and ranged from 27.7 to 46.5 kg/m*.A statistically significant difference (p =
0.017) was found between higher grades of CTS severity (very severe and extremely
severe) andhigher values of BMI (overweight and obese patients), compared to patients
with normal body weight.

Conclusion: Our findings have determineda significant association between CTS
severity and BMI values over 30kg/m2.Our study has identified the possible role of

- obesity as an individual risk factor in the etiology of carpal tunnel syndrome.

Keywords: cafpal tunmel syndrome, body mass index, CTS severity

VJIOTATA HA TPEKYMEPHO 3IOJEMEHA TEJECHA
TEXKHNHA KAKO MOXEH PUBUK-®AKTOP 3A IIOJABA HA
CHUHJIPOM HA KAPITAJIEH TYHEJI

ANCTPaKT

Bopen:CHHIpOM Ha KapllaJieH TYHeNl € elHa Of HajuecTHTe HepH(pepHHM HEBPONATHH
IIPUYHHETA 0 XPOHHYHA KOMIPECHja HA CPEAHIIHHOT HEPB BO TIPeJell Ha KapIaIHHOT
tynen. Llenra Ha oBaa cryauja Oemie na TH eBamyupa JeMOrpad)Ckure IONAaTOIH HA
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HNaLHCHTHTE CO CHHJPOM Ha KaphaleH TYHelX M Jia ja OApeAd ToBp3aHocTa IoMery
IpeKyMepHATa TeXKHHA H CTEMEHOT Ha OINTETYBAMkhe Ha CPE/IMLIHUOT HEPB Kaj TallHeHTH
CO CHHJIPOM Ha KapIiajeH TyHelL

Marepujan 1 MeToau: Bkynso 116 onepupanu manuentu co IWjarHO3a Ha CHHJPOM Ha
KapraieH TyHen (IOTBPJEHa CO KIMHHYKH M eIeKTPo(pU3HONONIKM HCIUTYBaka) bea
BKJIIyYEHH CIIOpEJ OIpEJeHHM KPHTEPHYMH 3a BKIIyJyBake BO OBaa NPOCIEKTHBHA
CTy/IHja Koja ce CIpoBele Ha YHHBEP3HTETCKATA KJIMHUKA 33 OPTOINENCKH DOJICCTH BO
Crorje. Cute meMorpad)cKH MOAATOIM, HAOAM OJf UCTOpHja Ha OollecTa, KIMHHIKHUTE,
eIEeKTPOPU3INOIIOLIKHTE HCITUTYBAMba H BPEAHOCTHTE Ha MHIEKCOT Ha TelecHa Maca Oea
PEerHCTPUPAHH M CTATHCTHYKK 06paGoTeHH.

Pesynrati: Bo crynujara 6ea Bkiyyens 87 malMeHTKH W 29 MAallHEHTH CO MPOCEYHA
crapoct 55,41 + 10,7 ropunu (27-75 ropunu).Cpennara BpeIHOCT Ha MHICKCOT Ha
TenecHa Maca Kaj manuenture beme7,7 + 5,6 kg/m? (7 o 46,5 kg/m?). Bemre yrepjena
CTaTHCTHYKY curaudukantHa pasmuka (p = 0,017) momel'y mojakuTe cTeneHHM Ha
OWITETYBAI-E HA CPEAMIIHMOT HEPB (MHOTY TEHIKM M eKCTPEMHO TEIIKH) U MOBUCOKHTE
BPEIHOCTH Ha MHICKCOT Ha TeJIECHa Maca (3roJeMeHa M IPEKYMEPHO 3roJicMcHa
TelecHa TEXHMHA), CIIOPEeHa CO MaIlHEeHTUTe CO HOpMallHa TEIECHA TEXKHHA.

Baxrygox: Haonure of HAmIETO MCTpasKyBame YTBPJHja 3HAaYajHA IIOBP3AaHOCT IIOMETY
CTEIIEHOT Ha OLUTETYBAF-€ Ha CPEMIIHHOT HEPE BONPEIENIOT Ha KaplladlHUOT TYHEI M
" mHAexcoT Ha TenecHa Maca Hax 30 kg/m? Chopen HamuTe pe3yiTaTH, MOXKe Ja Ce
3aKITydH JIeka  TIPEKYMEPHO 3TOJNIeMeHaTa TelleCHa TEXHHA & MOXEH WHIOWBHAyalleH
pusHK-(akTOp 32 TI0jaBa Ha CHHIPOM Ha KapraleH TYHEl. :

KJIy‘-II-[H 360POBH CHHIpPOM Ha KapIlaleH TYHEH, HHICKC Ha TeneCcHa Macd, CTEIIEHHM Ha
OIITETYBAIHE Ha CpeJHIIHHOT HEPB

Introduction

Carpal tunnel syndrome (CTS) is one of the most common peripheral neuropathies
caused by chronic compression of the median nerve in the area of the carpal tunnel. The
diagnosis of the syndrome is mainly based on the history of the disease, clinical
findings, findings of provocative tests and electroneuromyographic exammatlon
(ENMG) of the median nerve (1,2).

With the technological advancement of v1suahzat10n methods and equipment,
ultrasonography and magnetic resonance imaging were introduced as additional
diagnostic tests for carpal tunnel syndrome 20 years ago (3,4).The clinical picture
depends on the duration and intensity of pressure on median nerve, which is a mixed
type of nerve with sensitive and motor nerve fibers. At the beginning, the discomfort is
in the form of sensory disturbances (numbness, paresthesia and/or pain in the fingers -
from the thumb to the radial side of the ring finger, tingling and burning pain even
radiating to the elbow or shoulder, nocturnal pains).Nocturnal pains and paresthesia are
of gradual onset and they are reported to be 51-96% sensitive and 27-68% specific (5).
Later, in more severe cases, when motor component of the median nerve is involved,
decreased muscle power, dropping objects and clumsiness during everyday activities are
observed.- Hypotrophy of tenor muscles is a significant sign of serious functional loss.
Characteristic clinical findings are usually absent in milder cases with CTS. In order to
establish diagnosis of CTS more accurately many provocative tests are in use with
reported sensitivity between 10% and 100% and specificity between 33% and 100% (6).
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The exact incidence and prevalence vary depending on the diagnostic criterion. The
~ highest incidence is in patients aged 50-60 years and more often in females, i.e.female:

male ratio is 3:1. (7). The exact prevalence of people with complaints is from 13.0% to

15.8% in the general population, and according to the clinical picture and confirmed by

ENMG examinations varies from 2.7% to 5.8% (8.,9).

The etiology of the syndrome is multifactorial. The disease is most commonly

associated with a variety of genetic factors (10), physiological conditions (pregnancy)
~ (11), systemic and metabolic diseases(12,13). Risk factors for carpal tunnel syndrome
include female gender, age (40-70 years), smoking, diabetes, hypothyroidism and
obesity(14). Among anthropometric factors, body mass index isa well-known
determinant of CTS(15).
Bearing this in mind, the purpose of our study was. to evaluate the demographic data in
CTS patients and determine the association between obesity and carpal tunnel
syndrome.

Material and methods

Our study is a prospective clinical study conducted at the University Clinic for
Traumatology, OrthopedicDiseases, Anesthesiology, Reanimation and Intensive Care
Medicine and Emergency Department, Clinical Center Mother Theresa, Skopje, RNM,
during a 3-year period. One hundred and sixteen patients included in the study were
with clinical diagnosis of CTS and previously examined by ENMG examination. All
patients were admitted for surgical procedure of open carpal tunnel release (CTR), at the
University Clinic for Orthopedic Diseases in Skopje. Medical history of the disease and
previous injuries and treatments were recorded. Findings of patient's weight, height,
physical examination of hands (muscle strength, ROM of wrist and
metacarpophalangeal joints), signs of thenar hypotrophy as well as findings of
provocative tests (Phalen, Durkan and hand elevation test) were noted. All patients were
asked to fulfill questionnaires concerning their perception of his/her symptoms and hand
function, dominant hand, level of education, profession, weight, height, cigarette
smoking and consumption of alcohol.
Inclusion criteria for the group of participants:

»  persons aged 25-75 years

» anamnestic data on tingling and/or pain in the thumb, second, third and radial part

of the fourth finger, nocturnal paresthesia, clumsiness with the fingers of the
affected hand

*  positive provocative tests

»  confirmed diagnosis of CTS by ENMG
Exclusion criteria for the group of participants:

= persons under 25 years of age and older than 75 years

= pregnant women

»  people with reduced cognitive abilities

+ - detainees and prisoners

«  previous hand surgery

»  soft-tissue injuries or fractures of the bones of the forearm and wrist

»  polyneuropathy, hereditary neuropathy
For the grading of median nerve impairment by nerve electroneuromyographic
examination (ENMG), Canterbury Severity Scale for CTS was used (16). According to
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this scale, grades are:normal (grade 0); very mild (grade 1), CTS demonstrable only
with most sensitive tests; mild (grade 2), sensory nerve conduction velocity slow on
finger/wrist measurement, normal terminal motor latency; moderate (grade 3), sensory
potential preserved with motor slowing, distal motor latency to abductor pollicis brevis
(APB) < 6.5 ms; severe (grade 4), sensory potentials absent but motor response
preserved, distal motor latenicy to APB < 6.5 ms; very severe (grade 5), terminal latency
to APB > 6.5 ms; extremely severe (grade 6), sensory and motor potentials effectively
unrecordable (surface motor potential from APB < 0.2 mV amplitude).

Weight and height were measured in all CTS patients in order to calculate theirbody
mass index (BMI).BMI is the same for both sexes and for all ages of adults.It was
calculated for all the examined subjects as a person's weight in kilograms divided by the
square of his/her height in meters (kg/m®)(17).

Classification of BMI scores are:

<185 (Underweight)
18.5-24.9 (Normal weight)
25-29.9 (Overweight)
30-34.9 (Obesity class I)
35-399 (Obesity class 1I)
> 40 (Obesity class 1II)

Statistical analysis

A descriptive-analytical statistical method was used for the statistical processing of the
obtained results from the clinical study. Statistical analysis was carried out by using the
software SPSS, version 22.0. Descriptive data are presented as meant standard
deviation (SD), or as median. Percentages are given for categorical variables. The
threshold for statistical significance was set at p<0.05.

Results

One hundred and sixteen patients were enrolled in this study according to the inclusion
criteria. They were examined by ENMG examination prior to admittance for surgical
procedure of CT release at the University Clinic for Orthopedic Diseases-Skopje.
Eighty-seven patients were female and twenty-nine male, with a mean age 0f55.41+10.7 -
years (age range 27-75).In the distribution according to the level of education, most of
the patients had completed secondary education - 62.9% (73). 86.2% (100) of
CTSpatients were of Macedonian ethnicity, followed by patients of Albanian - 6% (7),
and Serbian ethnicity - 4.3% (5). T¥o patients were of Turkish and one patient was of
Roma ethnicity.

Female patients with CTS were younger than male patients, but the mean age was not
statistically significant (p=0.16).The mean age of female patients was 54.6::10.4 and of
male patients 57.83 £ 10.9.

Table 3 presents the most common symptoms and duration of symptoms. Results
obtained showed that all patients complained on paresthesia and numbness.Twenty
(17.2%) CTS patients had pain during daytime. Nocturnal pains were predominant
symptoms in this group of patients - 47.4% (55), 35.35% (41), respectively.Sleep
disturbance and clumsiness with the handswere positive in 41(35.35%) patient, who also
had hypotrophy of thenar and muscle weakness. Duration of characteristic symptoms of-
more than 2 years was noted in 50.9% (59) of CTS patients.
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Table 1 Demographic characteristics of CTS patients
Variable
Gender n (%)
Female 87 (75)
Male 29 (25)
Total _ 116 (100)
Age (mean % SD) (55.41£10.7)
Level of education n (%)
Elementary school 10 (8.62)
Secondary school 73 (62.93)
College / Faculty _ 33 (28.45)
Nationality '
Macedonian : 100 (86.21)
Albanian | : 7 (6.03)
Serbian 5(4.31)
Turkish ' 2{1.72)
Roma 1 (0.86)
other 1 (0.86)

Table 2 Gender and mean age of CTS patients

~ Descriptive Statistics
Gender a1 SD p-level
Female 87 54.61+104 t=1.43
Male . 29 57.834+10.9 p=0.16 ns
p (Student t-test for independent samples)

Table 3 Symptoms, duration of symptoms, symptomatic hand, surgery
Variable
Symptoms n (%)
Numbness, paresthesia 116 (100)
Numbness, paresthesia, pain 20 (17.24)
Numbness,paresthesia, nocturnal pains, 55 (47.41)
Numbness,paresthesia,nocturnal pains, sleep disturbance, weakness 41 (35.35)
Duration of symptoms n (%)
6 — 12 months 15 (12.93)
12 — 24 months 42 (36.21)
> 24 months . 59 (50.86)
Symptomatic hand . n (%)
Right hand ' ' 38 (32.76)
Left. hand - , 26 (22.41)
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Both hands 51 (43.96)
Dominant hand n(%)
Right 111 (95.69)
Left 5(4.31)
Carpal tunnel release n(%)
Right hand 66 (56.9)
Left hand 50 (43.1)

Table 4 presents classification of BMI values in relation to the gender of CTS patients.
The body mass index (BMI) had an average value of 27.7 + 5.6 kg/m* and ranged from
27.7 to 46.5 kg/m?. Two patients were slender (underweight), 39 patients had normal
weight, 40 patients were overweight, and 35 patients were obese. The body mass index
did not differ significantly between patients according to their gender (p=0.71) .

Table 4 Classification of BMI values in relation to gender of CTS patients
Variable : Cendst
BMI n Female Male p-level
n (%) n (%) |
 mean = SD 2777455 27.34 + 6.0 t=0.36 p=0.72 ns
<18.5 2 .2@3) 0
18.5—-24.9 - 39 29 (33.33) 10 (34.48) 7=0.37 p=0.71ns
25-29.9 40 261(29.89) 14 (48.28)
30-34.9 23 23 (26.44) 0
35-39.9 7 50675 - " 2.(6.9)
>40 5 2(23) 3 (10.34)

p (Wilcoxon Matched Pairs Test

Comparison of clinical findings in relation to BMI values

Table 5
Clinical findings BMI (kg/m?)
<185 185 — 25 — 30-349 35 - >40
N=2 24.9 29.9 N=23 39.9 N =5
n (%) N=39 - N=40 n (%) N=7 n
_n (%) n (%) | n (Yo) (%)

Positive provocative 0 24(61.54)  26(65) 14(60.87) 5(71.43) 3(60)

tests
Hypotrophy of thenar  2(100) 15(38.46)  14(35) 9(39.13)  2(28.57) 2(40)
p-level H=3.7p=0.6 ns

H (Kruskal-Wallis test)

Table 5 presents the relation between clinical findings (positive provocative tests and

hypotrophy of thenar) and BMI in CTS patients. The clinical findings preoperatively did .

not differ significantly between patients according to their body mass index (p = 0.6).
Patients with normal body weight (BMI = 18.5 - 24.9 kg/m?), overweight(BMI = 25 —

29.9 kg/m?) and obese patients(BMI > 30 kg/m?) more often had positive provocative’
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Physioacta Vol.14-Nol



THE ROLE OF OBESITY AS...

test on clinical examination- 61.5% (24), 65% (26), 60.9% (14), 71.4% (5) and 60% (3)
- patients, respectively(Table 5).

Table 6 presents the relation between the severity of the electroneuromyographic
findings and BMI in CTS patients. Astatistically significant differenceof
electroneuromyographic findings in patients with carpal tunnel syndromein relation to
the body mass index was found (p = 0.017).

The higher grade of severity ofelectroneuromyographic finding (very severe and
extremely severe) was detected more often in overweight and obese patients, compared
to patients with normal body weight - 12.8% (5), 25% (10), 34.8% (8), 28.6% and 80%
(4)patients, respectively(Table 6).

Comparison of CTS severity in relation to BMI values

Table 6
CTS BMI (kg/m?) - '
sevetity <18.5 18.5-249 25-299 30-349 35-399 >40
sl N=2 N=39 N=40 N=23 N=7 N =5 n

n(%) n(%) n (%) n (%) n (%) n (%)

normal 0 0 1(2.5) 0 0 0 1
very mild  1(50) 0 0 0 0 1(20) |2
mild 1(50) 6(15.38) 1(2.5) 1(4.35) 0 0 9
moderate 0 20(51.28)  24(60) 11(47.83) 3(42.86) 0 58
severe 0 8(20.51) 4(10) 3(13.04) 2(2857) 0 17
very 0 0 3(7.5) 6(26.09) 0 1(20) | 10
severe
extremely 0 - 5(12.82) 7(17.5) 2(8.7) 2(28.57)  3(60) | 19
severe ‘ [
p-level H=15.4p=0.017 sig

A statisticallysignificant correlation. was found between electroneuromyographic
findings in patients with carpal tunnel syndromeand their body mass index (p =
0.0096)(Figure 1).

Cerrelations Speaman R= 0.238 p=0.01

% .

Figure 1 Correlation between CTS severity (ENMG) and BMI
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The value of the Spearman's correlationcoefficient ofR=0.239 showed that this
correlation waspositive. This leads to the conclusionthat the higher values of body mass
index, the higher values of severityof carpal tunnel syndrome in
electroneuromyographic findings, and vice versa. :

Discussion
Carpal tunnel syndrome is the most common neurocompresswc disease with

multifactorial etiology.The diagnosis is mainly based on characteristic symptoms,

clinical signs and electroneuromyographic findings. Several risk factors such asgender,
age, genetic and anthropometric factors are associated with development of CTS.

" The results obtained in our study haveshown that majority of participants were of
female gender at themean age of 54.61 + 10.4 years. This is in correlation with most of
the epidemiological studies which have reported a higher risk of CTS among women
than among men(18).English et al.from New Zealand, reported in their retrospective
study including2,313 patients who underwent CTR that 1,419 (61%) were female and
890 (39%) were male(19).In a study conducted by Farioliet.al. in Italybetween 1997 and
2000, analmost 4-fold increase in the risk of surgically treatedCTS was observed in
women compared with menamong non-manual workers(20).

Female patientsin our study were younger than male patients, but the mean age was not
found to be statistically significant (p=0.16).This finding is consistent with other
studies(21).

Female patients in our study group were in reproductive and menopausal period. This
means that hormonal changes during these periods might be responsible for the onset of
tissue edema, thus causing an increased pressure in the region of the carpal tunnel and
on the median nerve (22,23). Greater incidence of surgically treated female patients with
CTS might also be explained by repetitive movements in taking care of small children
and during housework (24).

Not only hormonal variations in females, but also many risk factors in both females and
males areassociated withdifferentmetabolic changes (dyslipidemia, hypercholesteremia),
with long-term effect on cardiovascular system. Microvascular changes might lead to
reduction of nutrients and oxygen to the nerves and development of ischemia. Such
alterations are more expressed in nerves placed in narrow osteofibrous tunnels like
median nerve (25, 26).

BMIis one of the anthropometric factors commonly associated with CTS patients. It is a
simple index of weight-for-height that is commonly used to classify overweight and
obesity in adults. In our study, 116 patients with CTS had the body mass index (BMI) of
an average value of 27.7 + 5.6 kg/m?. The majority of the study group was with
increased BMI. Forty patients were overweight, and 35 patients were obese (over 30
kg/m?). The body mass index did not differ sxgmﬁcantly between patients according to
their gender (p=0.71).

The clinical findings preoperatively did not differ significantly between patients
according to their body mass index (p = 0.6). But overweight and obese patients more
often had a positive provocative test on clinical examination- 61.5% (24), 65% (26),
60.9% (14), 71.4% (5) and 60% (3) patients, respectively. These results are consistent
with other studies(27). 7
Our results have shown that the body mass index showed a statistically s1gmﬁcant
impact on the electroneuromyographic findings in patients with carpal tunnel syndrome
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(p = 0.017). Overweight and obese patients had higher grades of severity on
- clectroneuromyographic  finding  (very severe and extremely severe).A
statisticallysignificant correlation was found between electroneuromyographic findings
in patients with carpal tunnel syndrome and their body mass index (p = 0.0096).This
leads to aconclusion that the higher values of body mass index, the higher values of
severity of carpal tunnel syndrome on electroneuromyographic findings, and vice versa.
These findings are consistent with other studies. Nathan et alin a longitudinal study
published in1992 evaluated weight and body mass index (BMI) as risk factors for
slowing of sensory conduction of the median nerve and concluded that the risk for
abnormal nerve conduction averaged 3.5-fold and 4.1-fold greater, respectively, in the
obese workers than in the slender workers(28).

In 2012Spahnet al.published their results from a meta-analysis for the evaluation of risk
factors for CTS.Two of real risk factors (results from longitudinal studies) were female
gender and overweight or obesity (29).Overweight increased the risk of CTS or carpal
tunnel release 1.5-fold and obesity two-foldas reported in a study by Shiri et al.(30).
Female sex and high BMI are reported in many studies to be independent risk factors
and the most important predictors of surgical release in patients with CTS(31,32).

The relationship between increased BMI and CTS severity had been explained by
increased fat deposits outside and inside carpal tunnel. The increased carpal tunnel
pressure is thought to cause ischemia of the median nerve and subsequent changes
according to the durationof pressure (demyelination and axonal degeneration)(33).

There are many studies on etiology and pathophysiology of CTS and yet there are many
cases of CTS considered to be idiopathic.

The limitation of our study is the small number of participants, whichconsequently does
not represent the characteristics of the general population. Further studies are necessary
to investigate the role of other mon-occupational and anthropometric risk factors
responsible for the development of CTS. '

Conclusion

Over the past few years, the morbidity of CTS has increased. Our study has identifiedthe
female gender as an individual risk factor. Also, a significant relationship between the
CTS severity and obesity has been identified as a non-occupational risk factor in the
etiology of carpal tunnel syndrome.Since the prevalence of overweight and obesity is
increasing globally, overweight-related CTS is expected to increase, too.
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