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Abstract

Background—Establishing minimally clinically important difference (MCID) for patient-

reported outcomes questionnaires is essential in outcomes research to evaluate patients’ 

perspective of treatment effectiveness. We aim to determine (MCID) after carpal tunnel release in 

diabetic and non-diabetic patients using the Boston Carpal Tunnel Questionnaire (BCTQ).

Methods—We prospectively evaluated 114 patients (87 non-diabetic, 27 diabetic) undergoing 

carpal tunnel release. In addition to standard history and physical examination, we obtained 

preoperative electrodiagnostic studies to confirm Carpal Tunnel Syndrome (CTS). The BCTQ was 

administered before and after the surgery at 3 and 6 months. Patients were asked about their level 

of satisfaction at the final follow-up period. We applied the receiver operating characteristic 

(ROC) curve approach to determine the MCID of symptom and function severity scales of the 

questionnaire. We used patient satisfaction as the reference standard to compare against the 

standardized change in scores after surgery for the 2 groups.

Results—For both diabetic and non-diabetic patients, symptom and function severity scales 

showed large effect size of >0.8 at 3 and 6 months after the surgery. At 6 months after surgery to 

be satisfied, diabetic patients required an MCID of 1.55 and 2.05 points for symptom and function 

scales, whereas non-diabetic patients required 1.45 and 1.6 points, respectively.

Conclusion—Diabetic patients needed a greater improvement in BCTQ score to be satisfied on 

functional and symptom severity scales than non-diabetic patients. Overall diabetic patients had 

less improvement in BCTQ final scores compared to non-diabetics.
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Introduction

Carpal tunnel syndrome is the most common entrapment neuropathy with a reported 

prevalence of 2% to 4% in the general population.1,2 Diabetes mellitus is a known risk 

factor for developing carpal tunnel syndrome (CTS) with a prevalence approaching 15%.3–5 

Despite its high prevalence in the diabetic population, studies reporting outcomes of surgical 

treatment in this patient group are limited.6–10 Outcomes based on recovery of muscle 

wasting and sensory loss did not appear to be favorable for diabetic patients.6 However, 

these physical examination findings may not reflect patients’ self-reported outcomes such as 

satisfaction. Patient-reported outcome measures are necessary in the evaluation of surgical 

interventions to appropriately reflect patient’s opinion and overall satisfaction.11

Boston Carpal Tunnel Questionnaire (BCTQ) is a validated outcomes instrument for 

CTS.12–16 The interpretation of change in scores can be challenging owing to its quantitative 

nature. Minimal clinically important difference (MCID) is useful in “judging the magnitude 

of the benefit when making inferences about the percentage of patients improved by a 

therapeutic intervention”.17 Basically, MCID constitutes a bridge between a quantitative and 

a qualitative variable. To calculate MCID, an external reference needs to be established to 

define the important difference that occurred as the result of treatment.

The aim of this comparative prospective study is to assess the patient perspective of clinical 

outcome after carpal tunnel release in diabetic and non-diabetic patients. We hypothesize 

that diabetic patients will be satisfied after carpal tunnel surgery, although this group 

requires a greater improvement in score because of the chronic nerve dysfunction to achieve 

the same level of satisfaction compared to non-diabetic patients.

PATIENTS AND METHODS

We examined data from a prospective cohort of CTS patients who underwent carpal tunnel 

release. Institutional review board approved this study that was conducted between January 

2007 and August 2011. All patients with signs and symptoms consistent with CTS were sent 

for confirmatory electrodiagnostic test (EDX). Patients with positive EDX testing for mild 

CTS received a steroid injection and night splinting. Patients diagnosed with moderate or 

severe CTS underwent surgery, which form the cohort for this study. A single surgeon 

performed all the operations using a mini-open carpal tunnel release technique.18 All 

patients received the same postoperative instructions and care. The diagnosis of CTS and 

diabetes mellitus (DM) were made according to the criteria established by American 

Association of Neuromuscular & Electrodiagnostic Medicine (AANEM), and American 

Diabetes Association, respectively.19,20

Inclusion criteria for this study included patients between the age of 18 and 80 meeting the 

EDX criteria for CTS. Exclusion criteria included patients with cervical radiculopathy, 

inflammatory joint disease, renal failure, thyroid disorders, previous wrist fracture on the 

affected side, long-term exposure to vibrating tools, and pregnancy.

The study subjects included 87 non-diabetic patients (58 female and 29 male patients) and 

27 diabetics (21 female and 6 male patients). Mean age of non-diabetic group was 46.7 ± 11 
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years, and diabetic group was 50.9 ±11 years. Information regarding occupational status, 

past medical and surgical history, psychiatric history, smoking, alcohol, and drug use were 

collected from all participants. In addition to a standard history and physical examination, 

we administered the BCTQ at baseline (preoperative) and at postoperative evaluations (3 

months and 6 months after surgery). The BCTQ consists of two components, symptom 

severity scale (SSS) with 11 questions and functional status scale (FSS) with 8 questions. 

Each question is scored on a five point scale (range 1–5) depending on the degree of 

impairment. The individual scores are summed and divided by the number of questions to 

give a final score for each scale, range 1–5, with a higher score indicating a worse condition. 

In addition to BCTQ, we also asked patients to grade their satisfaction as satisfied, not-

satisfied, or not sure. The operating surgeon was blinded to the results of the BCTQ in this 

study.

Statistical analysis

We used statistical software to perform the data analysis. We calculated the change in scores 

of SSS and FSS for each patient in both groups at two time points (3 months and 6 months 

after surgery) from preoperative scores. Standard deviation of baseline scores for all patients 

was calculated. The changes in scores were then divided by pooled standard deviation to 

obtain the effect size. We used these scores to compare with patient satisfaction reported as 

‘yes’, ’no’ or ‘not sure’ by the study participants.

We used receiver operating characteristics (ROC) curve analysis approach to determine 

MCID of SSS and FSS of BCTQ. We used patient satisfaction as the reference standard to 

compare against the standardized change in scores after surgery. ROC curve is a plotted 

graph of all the sensitivity and 1-specificity pairs over the entire range of each patient-

reported outcome. Sensitivity or the true positive fraction is plotted on the y-axis and 1-

specificity or the false positive fraction is plotted on x-axis.21 The optimal cutoff point for 

the ROC curve with maximum sensitivity and specificity or the point at the upper left corner 

with sensitivity close to 1 and 1-specificity close to zero represents MCID.21–23 Area under 

the curve (AUC) of the ROC plot is a widely used measure to depict the discriminative 

ability of the continuous variable (SSS and FSS) by the dichotomous variable, satisfaction.21 

We created descriptive statistics of the study participants. In addition, we performed the 

paired sample t-tests to assess the differences between baseline function and symptoms in 

both patient groups. We also evaluated the effect of age of the participants on the amount of 

change in BCTQ scores required to provide a clinically important difference in both diabetic 

and non-diabetic patients.

RESULTS

Table 1 presents the demographic characteristics of 114 patients (27 diabetics and 87 non-

diabetics) with 140 carpal tunnel surgeries performed. A few patients with bilateral 

involvement had surgery performed on both hands but at different time points; our analysis 

included the results from these patients because there was time gap between the procedures 

and patients were asked about their satisfaction levels at each of the time points. The 

following counts represent the number of patients who underwent the surgery. Females 
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represented majority of patients in both the diabetic and non-diabetic groups, 78% and 67% 

respectively. The difference in the proportion of gender is statistically significant between 

two groups. (P<0.001) Patients were mostly right hand dominant and a greater proportion of 

them were satisfied with surgical procedure (diabetics-65%, non-diabetics-86%). Table 2 

shows the change in BCTQ scores during the study period, 3 and 6 months after surgery. 

The mean changes in scores after 6 months were higher than those after 3 months for both 

scales in two groups.

ROC curves were stratified for SSS and FSS and further stratified for 3 months and 6 

months. In diabetics, the SSS component showed discriminatory ability with regards to 

patient satisfaction at both 3 and 6 months after surgery with an area under the curve (AUC) 

of .81 and .97 respectively. An MCID of 1.45 points at 3 months and 1.55 points at 6 months 

were identified for SSS (Figure 1, Table 3). The FSS component of BCTQ at 6 months 

showed greater discriminatory ability with regards to patient satisfaction than at 3 months 

with an AUC of .78 and .63 respectively. An MCID of 1.95 points at 3 months and 2.05 

points at 6 months were identified for FSS (Figure 2, Table 3).

For non-diabetics, the SSS component showed discriminatory ability with regards to patient 

satisfaction at both 3 and 6 months after surgery with an AUC of .89 and .94 respectively. 

An MCID of 0.8 points and 1.6 points at 3 months and 6 months respectively were identified 

for SSS (Figure 3, Table 3). The FSS component of BCTQ showed discriminatory ability 

with regards to patient satisfaction at 3 and 6 months with an AUC’s of .88 and .97 

respectively. An MCID of 1.25 points at 3 months and 1.45 points at 6 months were 

identified for FSS (Figure 4, Table 3). In addition, we performed a paired t-test analysis to 

compare means of change in scores in both groups for FSS and SSS. The mean change in 

the scores of SSS between 3rd and 6th month in diabetics and non-diabetics, change scores of 

FSS between 3rd and 6th month in diabetics and non-diabetics were statistically significant 

with p values <.001, <.001, 0.03 and <.001 respectively. Age of the study participants did 

not have a statistically significant influence on the change in BCTQ scores required for a 

clinically important difference. P values were 0.8, 0.5 in diabetics, and 0.8, 0.2 in non-

diabetics for SSS and FSS at 6 months respectively. (Significance level is set at p=.05).

Discussion

This study indicates a high level of satisfaction among diabetic patients following carpal 

tunnel release. Both functional and sensory BCTQ scales showed significant change in 

scores after surgery. Diabetic patients, however, required a higher MCID value to have the 

same level of satisfaction, both on the sensory as well as function scales, compared to non-

diabetic patients. This perceptional difference may stem from a number of factors including 

autonomic dysfunction, peripheral neuropathy, limited joint mobility and other related 

conditions having a negative impact on hand function and sensation.5,24 In addition, the 

required MCID did not change with the age of the participants in diabetic and non-diabetic 

groups in this study.

Diabetes is suggested to be associated with poorer outcomes after CTR.25–27 This may seem 

reasonable, given the high incidence of sensorimotor neuropathy in diabetic patients. The 
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evidence to support worse outcomes after CTR suffers from limited sample size, lack of a 

control group, and inclusion of a group without a clear diagnosis of carpal tunnel 

syndrome.26,27 On the contrary, recent reports support carpal tunnel surgery in diabetics. 

Thomsen and Dahlin reported over 95% patient satisfaction among diabetic patients.10 

Mondelli and others also achieved a similar result by reporting significant improvement and 

satisfaction after the carpal tunnel release in diabetic patients.6–8,28,29 Because of a lack of 

high-grade evidence, both the American Academy of Orthopaedic Surgery and the 

American Academy of Neurology do not make any specific recommendations with regards 

to the surgical treatment (one way or another) of carpal tunnel syndrome on diabetic 

patients.9,30

Our results indicate that the surgery for diabetics is satisfactory in 68% of the patients. 

Although this may be lower than what Dahlin and others reported, it shows a beneficial 

effect and supports the idea of offering surgery, providing with a level 2 evidence. The 

difference in satisfaction rate likely stems from the duration and severity of diabetes 

between the two groups.

In this study, we used an anchor-based approach and explicitly defined the “minimal 

importance.” Although this gives a limited distribution (as satisfied, not satisfied or not 

sure), this approach is more clinically oriented compared to distribution-based approaches, 

which may produce estimates that are of no clinical relevance. Anchor-based approach also 

directly reflects the point of view of patients, which we consider as the standard for judging 

important changes. Two previous studies assessed responsiveness of the BCTQ based only 

on patients reporting greater satisfaction with the result of the surgery.31,32 Others reported 

responsiveness indices separately for each BCTQ scale.12–16,31,32 In previous studies, the 

effect sizes for the FSS ranged from 0.48 at 6 weeks to 1.44 at 27 weeks after surgery, and 

for the SSS it ranged from 1.13 at 13.5 weeks to 2.33 at 27 weeks after surgery. Effect sizes 

and standard response means for the SSS were higher than for the FSS, however both scales 

yielded moderate (>0.5) to large (>0.8) responsiveness indices supporting the notion that 

both scales are sensitive to clinical change in patients undergoing surgical interventions. Our 

results also supported these findings.

The strengths of our study include prospective design, operations performed by a single 

surgeon and the use of patient-reported outcome questionnaire avoiding bias. Its limitations 

include the smaller sample size for diabetic patients, and we did not factor in the presence of 

diabetic neuropathy. Therefore, our results may not be generalized to all diabetic patients.

This study provides further details of the scale properties of the BCTQ on diabetic and non-

diabetic patients. A single value representing the minimal change for non-diabetics may not 

be used to interpret the outcome of diabetic patients, neither at an individual level nor to 

determine the sample size for diabetic patients. Findings of this study can be used to 

calculate sample size for future trials, or to determine whether a diabetic patient has 

improved to a clinically significant level.
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Figure 1. 
Receiver operating characteristic curve for BCTQ-Symptom severity scale and patient 

satisfaction 3 months and 6 months after surgery in Diabetics (n=32 surgeries)
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Figure 2. 
Receiver operating characteristic curve for BCTQ-functional status scale and patient 

satisfaction 3 months and 6 months after surgery in Diabetics (n=32 surgeries)
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Figure 3. 
Receiver operating characteristic curve for BCTQ-Symptom severity scale and patient 

satisfaction 3 months and 6 months after surgery in Non-Diabetics (n=108 surgeries)
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Figure 4. 
Receiver operating characteristic curve for BCTQ-functional status scale and patient 

satisfaction 3 months and 6 months after surgery in Non-Diabetics (n=108 surgeries)
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Table 1

Characteristics of study participants (n=114)

Diabetics Non-diabetics

Mean Age (range), y 50.9 (33–73) 46.7 (22–72)

Gender

  Male (%) 6(22) 29(33)

  Female (%) 21(78) 58(67)

Employed/unemployed/disabled/retired/unknown 3/7/12/1/14 29/34/12/5/7

Dominant Hand (right/left/unknown) 19/2/6 62/5/20

Smoking status (yes/no/unknown) 11/2/14 26/18/43

Satisfaction (yes/no) 21/11* 93/15*

n- Number of patients, y- Years,

*
Number of carpal tunnel surgeries
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