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Carpal Tunnel Syndrome is a common neuropathic condition that causes pain, numbness, and 

weakness in the affected hand. Objective: To investigate the determinants of surgical 

treatment accessibility for Carpal Tunnel Syndrome. Methods: For this purpose, a prospective 

cohort study study was carried out at a tertiary care hospital in Pakistan. The research included 

284 patients diagnosed with Carpal Tunnel Syndrome who were suggested for surgery. Data 

were collected using a structured questionnaire, focusing on demographic factors, 

socioeconomic status, and healthcare system-related questions. Descriptive statistics was 

performed using SPSS version 26.0 to calculate means ± standard deviations for all the 

continuous variables, and chi-square tests for categorical variables. Results: Results show that 

most of the patients (57.75%) in the study belong to rural areas, and 42.25% of patients belong to 

urban areas. A multivariable logistic regression shows that living in a rural area was signi�cantly 

linked with older age and body mass index. Conclusions: It was concluded that people living in 

rural areas of Pakistan are deprived of surgical treatment for Carpal Tunnel Syndrome. Other 

associated factors that contribute to the poor accessibility of surgical treatment of the disease 

are older age and body mass index.
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Carpal tunnel syndrome (CTS) is associated with 

compression of the median nerve, resulting in pain, 

numbness, tingling, and weakness near the base of the 

hand. It affects the index, thumb, radial, and middle sides of 

the ring �nger, and can lead to decreased grip strength and 

compromised hand function over time. The condition often 

causes gradual weakening of the muscles at the base of the 

thumb [1]. Medical history and physical inspection, with or 

without additional con�rmatory testing, are used to 

e s t a b l i s h  t h e  d i a g n o s i s  o f  C T S  [ 2 - 4 ] .  G e n e t i c 

predisposition, diabetes mellitus, thyroid conditions, 

obesity, rheumatoid arthritis, and pregnancy are a few risk 

factors for CTS [5, 6]. However, idiopathic carpal tunnel 

syndrome accounts for the majority of cases [7]. People of 

working age are frequently affected by CTS, which can 

result in missed work and a noticeable drop in productivity. 

The condition is 15% prevalent in the general population, 

regardless of risk factors [8, 9]. To diagnose CTS, electro-

diagnostic (EDS) testing is essential, especially if surgery is 

being considered. Electromyography (EMG) and nerve 

conduction studies (NCS) are typical EDS examinations. By 

identifying compromised median nerve conduction across 

the carpal tunnel while maintaining normal conduction 

elsewhere, NCSs verify CTS. The abductor policies brevis 
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muscle, which is usually innervated by the median nerve, is 

one of the muscles whose pathologic alterations are 

evaluated by EMG [10]. An EMG sample of the abductor 

policies brevis muscle will show indications of denervation 

in cases of severe and prolonged compression [11]. 

Reducing health disparities between urban and rural areas 

has received attention lately [8, 9]. Individuals residing in 

urban locations tend to self-report worse health and are 

more prone to medical comorbidities such as obesity, high 

blood pressure, and diabetes mellitus, as well as 

behavioural risk factors like smoking [12, 13]. Patients in 

rural areas of Pakistan are more likely to be poor and have 

little health literacy. However, patients living in urban areas 

frequently have to pay more and spend more time travelling 

to obtain healthcare resources due to the lack of a 

workforce and inadequate infrastructure in remote areas. 

Urban-rural health disparities are exacerbated by these 

socioeconomic factors [12]. Hand surgery differences 

between rural  and urban areas have never been 

investigated before. Since CTS is a popular, elective, 

ambulatory operation that doesn't require a lot of 

resources, we decided to use it as a model to investigate 

the differences in hand surgery between rural and urban 

areas. It's unclear if patients with CTR who present from 

rural and urban areas have comparable demographics or 

are at similar stages of the illness. To close this knowledge 

gap, we set out to compare rural and urban patient 

populations receiving CTR in terms of (1) patient 

demographic characteristics, (2) the use of con�rmatory 

electro-diagnostic (EDS) testing, and (3) preoperative EDS 

severity. 

This study aimed to investigate the determinants of 

surgical treatment accessibility for carpal tunnel 

syndrome.

This prospective cohort study study was conducted over 

one year, from April 2022 to March 2023, at Pakistan 

International Medical College, Hayatabad, Peshawar, 

Pakistan. The study received approval  from the 

Department of Medical Research at Pakistan International 

Medical College, with the approval number PIMC/DMR/4. 

The primary focus of the study was to assess the 

accessibility and outcomes of Carpal Tunnel Release (CTR) 

surgery among patients diagnosed with CTS who 

underwent surgery during this period. Eligible participants 

were those diagnosed with CTS and had undergone open 

CTR surgery performed by certi�ed surgeons. A sample 

size of 284 participants was calculated using a formula for 

diagnostic studies, based on 80% statistical power and a 

signi�cance level of ≤0.05. The following formula for 

sample size calculation in diagnostic studies was used: 

n=Z2×P×(1-P)/d2. where Z is the Z-value (1.96 for 95% 

con�dence), P is the expected prevalence (assumed to be 

0.5 for maximum sample size), and d is the desired 

precision (0.1), the sample size was determined to be 284 

participants. The patients were informed about the study, 

and written consent was taken for their data to be used for 

research purposes. The participants who experienced 

acute injury or infections within two weeks following CTR, 

revision surgery for the CTR in request, inadequate or 

missing medical history, or tumor excision surgery were 

excluded from the research. The study collected data on 

several  pre-surger y variables,  including patient 

demographic factors such as age, gender, BMI, and 

electro-diagnostic studies (EDS) used to con�rm the 

severity of CTS before surgery, with disease severity 

categorized as normal, mild to moderate, or severe. 

Medical comorbidities were identi�ed through electronic 

medical records and included factors such as tobacco use, 

diabetes mellitus, hypothyroidism, hypertension, chronic 

kidney disease, and cervical radiculopathy. Post-surgery 

outcomes were assessed through follow-ups conducted at 

three and six months after the CTR procedure. These 

intervals were chosen to capture both short-term recovery 

(three months) and medium-term outcomes (six months), 

as these are critical milestones for evaluating post-

surgical recovery and functional improvements in CTS 

patients. Symptom relief was evaluated using the Boston 

Carpal Tunnel Questionnaire (BCTQ), which assessed 

improvements in pain, numbness, and functional capacity. 

Grip strength was measured using a dynamometer, while 

the time taken to resume normal daily activities or return to 

work post-surgery was also recorded. To assess the quality 

of care after surgery, patient satisfaction was measured 

t h r o u g h  s t r u c t u r e d  s u r v e ys ,  w h i c h  e v a l u a t e d 

communication with healthcare providers, hospital 

facilities, and overall satisfaction with surgical outcomes. 

Post-surgical complications, such as wound infections, 

nerve damage, or symptom recurrence, were documented, 

and follow-up compliance was recorded as the percentage 

of patients who adhered to scheduled post-operative 

visits. Accessibility to surgical treatment was evaluated by 

examining the time between diagnosis and surgery, the 

distance patients traveled for treatment, and any delays in 

receiving care. Data analysis was conducted using SPSS 

version 26.0. Descriptive statistics were applied to all 

variables, with means and standard deviations calculated 

for continuous variables, and frequencies and percentages 

for categorical variables. Relationships between patient 

demographics, clinical presentation, and accessibility to 

surgical therapy were evaluated using t-tests for 

continuous variables and Chi-square tests for categorical 

variables, with a signi�cance threshold set at less than 

0.05.
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The �nal group of 284 patients had a median BMI of 30.5, a 

mean age of 58.1 years, and 72.2% of them were female. Of 

the cohort, 9% had cervical radiculopathy, 16% had 

hypothyroidism, 19% had diabetes mellitus, and 11% used 

tobacco. Electro-diagnostic study (EDS) testing was 

obtained in 246 patients (86.6%). Of the 232 individuals for 

whom preoperative EDS severity grading was available, 3% 

had normal, 18% had mild, 47% had moderate, and 32% had 

severe CTS. Post-surgery follow-up at 3 months revealed 

that 85% of patients reported signi�cant improvement in 

pain and numbness based on the Boston Carpal Tunnel 

Questionnaire (BCTQ). Urban participants showed slightly 

better improvement (90%) compared to rural participants 

(83%) (p<0.05). Mean grip strength increased by 25% from 

baseline in urban patients and 20% in rural patients, with 

the difference being statistically signi�cant (p<0.05). 

Urban patients returned to work or resumed daily activities 

within a mean of 8 weeks' post-surgery, while rural patients 

took 10 weeks on average (p<0.05). Patient Satisfaction: 

82% of urban patients and 75% of rural patients reported 

being “very satis�ed” with their overall care (p=0.06). 

Satisfaction was linked to communication with healthcare 

providers and the perceived quality of surgical outcomes. 

Post-surgical complications were noted in 10% of patients 

overall, with a lower rate in urban patients (8%) compared to 

rural patients (12%), though this was not statistically 

signi�cant (p=0.14). Follow-up compliance was higher in 

urban participants (92%) compared to rural participants 

(85%) (p<0.05). Patients from rural areas experienced a 

longer time to surgery and travelled farther distances to 

receive care, compared to urban patients. There were no 

signi�cant delays in receiving care once patients were 

scheduled for surgery (Table 1).

Table 1: Various Features of the Selected Patients (n=284)

Grip strength improvement was assessed using a dynamometer. 
*Actual grip strength values were recorded; they are reported in 
kilograms (kg) as mean ± standard deviation. **Results are 
presented as the percentage of patients reporting improvement.

The results of the multivariable logistic regression analysis 
indicated that living in an urban area was independently 
associated with older age, lower BMI, and normal EDS 
severity, similar to the �ndings in the bivariate analysis 
(Table 2).
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Variables
Urban 

Participants 
(n=120)

Rural 
Participants 

(n=164)

Total 
Participants 

(n=284)

Median (IQR)

BMI (kg/m²) 30.5 (25.9-35.2) 28.4 (23.8-32.2) 31.4 (26.2-36.1) <0.05

p-
Value

Age (Years) 58.1 63.2 55.8 <0.05

n (%)

Female Sex

Male Sex

Urdu Speaking 
Participants

Non-Urdu Speaking

Con�rmatory EDS 
Testing

EDS Grade Normal

EDS Grade Mild

EDS Grade Moderate

EDS Grade Severe

78 (65)

42 (35)

112 (93.3)

8 (6.7)

106 (88.3)

6 (5.0)

8 (6.7)

46 (38.3)

38 (31.7)

127 (77.4)

37 (22.6)

146 (89.0)

18 (11.0)

140 (85.4)

1 (0.6)

34 (20.7)

63 (48.7)

36 (30.0)

0.18

0.12

0.43

<0.05

<0.05

0.72

0.61

205 (72.2)

79 (27.8)

258 (90.8)

26 (9.2)

246 (86.6)

7 (3.0)

42 (18.1)

109 (46.8)

74 (32.1)

Diabetes Mellitus

Hypertension

Hypothyroidism

Chronic Kidney 
Disease

Cervical 
Radiculopathy

Tobacco Use

Post-Surgery 
Symptom Relief

Grip Strength 
(kg, Mean ± SD)*

Grip Strength 
Improvement**

Return to Work/
Activities

Patient Satisfaction

Follow-Up 
Compliance

16 (13.3)

60 (50.0)

15 (12.5)

5 (4.2)

5 (4.2)

10 (8.3)

108 (90.0)

28.7 ± 4.8

108 (90.0)

108 (90.0)

98 (81.7)

110 (91.7)

38 (23.2)

69 (42.1)

30 (18.3)

7 (4.3)

21 (12.8)

21 (12.8)

133 (83.3)

24.9 ± 5.7

135 (82.3)

122 (74.4)

119 (72.6)

138 (84.1)

0.09

0.35

0.54

0.96

0.11

0.33

<0.05

<0.05

<0.05

<0.05

0.06

<0.05

54 (19.0)

129 (45.4)

45 (15.8)

12 (4.2)

26 (9.2)

31 (10.9)

241 (85.0)

26.5 ± 5.3

243 (85.6)

230 (81.0)

217 (76.4)

248 (87.3)

Variable OR 95% CI p-Value

Age

BMI

EDS Severity (Normal)

EDS Severity (Mild)

1.042

0.937

5.241

0.482

1.012–1.072

0.890–0.988

1.621–16.932

0.134–1.730

≤0.05

≤0.05

≤0.05

0.22

D I S C U S S I O N

There is an increasing recognition of the need to address 
Urban-Rural disparities in healthcare outcomes. Previous 
studies have highlighted poorer accessibility of various 
medical facilities and higher mortality rates in rural 
patients with conditions such as cardiac disease and 
stroke [9, 10]. However, no prior research has speci�cally 
examined Urban-Rural differences in patients undergoing 
hand surgery, particularly Carpal Tunnel Release (CTR). 
This study aimed to assess the demographic similarity 
between Urban and Rural CTR patients, the rate at which 
they undergo con�rmatory electro-diagnostic study (EDS) 
testing, and the degree of illness severity at presentation 
as determined by EDS grading. According to present 
research, compared to rural patients, urban patients 
having CTR are likely to be older, have a lower body mass 
index (BMI), and have normal EDS scores. However, it is 
essential to acknowledge that these observed trends do 
not imply causality and are likely multifactorial in nature. 
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For instance, socioeconomic factors, healthcare literacy, 
transportation challenges, and occupational differences 
may all contribute to these disparities. The usage of 
con�rmatory EDS testing for CTR patients did not change 
signi�cantly among the urban and rural groups, according 
to the current study. Considering that EDS evaluation is the 
main preoperative cost burden and is frequently a cause of 
delay before surgical therapy, this outcome is encouraging 
[14, 15]. The most recent Urban-Rural classi�cation codes 
are based on national census data for 2011. Therefore, even 
though current data collection was done almost ten years 
ago, it is still applicable [16]. Nevertheless, evolving 
diagnostic criteria for Carpal Tunnel Syndrome (CTS) and 
advances in alternative con�rmatory tests may in�uence 
future research in this area [17, 18]. EDS has drawbacks, 
including false-positive and false-negative results, even 
though it was once regarded as a reference standard [17]. 
Alternative diagnostic instruments, such as the CTS-6 or 
ultrasonography, are increasingly gaining popularity [2–4]. 
The lower BMI observed among urban patients in the 
present study appears counterintuitive, given that a higher 
BMI is a well-established risk factor for CTS. This �nding 
could re�ect broader societal trends or demographic 
differences, such as occupation type or activity levels, 
which warrant further investigation. Additionally, the older 
age of urban patients may suggest delayed presentation, 
possibly in�uenced by systemic healthcare barriers such 
as limited hospital availability or a shortage of healthcare 
providers in certain urban areas [19]. These factors should 
be explored in future studies to fully understand their 
impact on healthcare accessibility. To guarantee fair 
access to care, future research should keep examining how 
con�rmatory tests and surgical time differ across urban 
and rural areas. The study's observed demographic 
differences, speci�cally the lower BMI and older age of 
urban patients, could be indicative of wider societal 
changes. These disparities in demography may also be 
related to changes in occupation between populations in 
urban and rural areas, which may have an impact on the 
prevalence of CTS [20]. Notably, urban patients did not 
exhibit a higher probability of presenting with advanced 
EDS of disease. This �nding implies that urban patients, 
despite potential barriers, have reasonable access to CTS 
therapy. However, systemic factors such as healthcare 
policies, travel burden, and scheduling delays may still 
disproportionately affect rural populations, depriving them 
of timely surgical treatment. Addressing these healthcare 
system barriers is crucial to achieving equity in surgical 
outcomes [9]. The usefulness of EDS as a con�rmation test 
in these people is called into question, nevertheless, given 
the greater frequency of EDS scores in normal illness in 
urban patients receiving CTR. One hypothesis is that urban 
patients frequently have long commutes, which may 
exacerbate the symptoms of CTS and increase the number 

It was concluded that this study was designed to identify 
the determinants of rural-urban disparities in accessing 
surgical treatment for CTS by comparing patient 
demographics, the use of EDS, and preoperative disease 
severity between rural and urban populations. The �ndings 
revealed signi�cant disparities in access to con�rmatory 
EDS testing, with rural patients being less likely to receive 
timely diagnostic evaluations, contributing to delays in 
diagnosis and prolonged suffering from CTS before 
receiving surgical intervention. Rural patients also 
presented with more advanced disease severity at the time 
of surgery, which shows that delayed access to testing and 
treatment may aggravate their condition. The availability of 
diagnostic facilities and timely treatment contributes to 
the observed differences in treatment accessibility 
between rural and urban populations. 
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of EDS-negative CTS diagnoses in this population. 
Alternatively, urban patients may be more likely to pursue 
surgical interventions due to higher healthcare awareness 
or better access to medical advice [19]. Alternative 
con�rmatory tests, such as CTS-6 or ultrasound, may be 
more appropriate for this group of people given the 
increased false-negative frequency of EDS to detect CTS in 
urban areas [2–4]. Adopting telemedicine for preoperative 
assessments could mitigate accessibility challenges in 
underserved areas. Current research has various 
limitations which should be acknowledged. First, the study 
did not include other potential determinants of healthcare 
accessibility, such as healthcare policies, the quality of 
postoperative care, and the availability of skilled 
professionals, which could further explain the disparities in 
surgical outcomes between rural and urban patients. 
Additionally, the study was conducted at a single 
institution, which may limit the generalizability of the 
�ndings to other regions or healthcare settings. 
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