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Purpose: Diabetes mellitus (DM) is a well-known risk factor for carpal tunnel syndrome (CTS). However,
few studies have compared differences in the cross-sectional area (CSA) of the median nerve in patients
with and without DM. The purpose of this study was to compare the utility of ultrasound for the
diagnosis of CTS in diabetic versus nondiabetic patients.
Method: A total of 248 hands of 155 patients were evaluated: 154 hands belonged to non-DM patients
with CTS, 80 to DM patients with CTS, 13 patients with DM but no CTS, and 51 patients without DM or
CTS. All hands underwent ultrasonography of the median nerve at the wrist for determination of CSA;
patients completed a CTS Symptom Severity Scale and Functional Status Scale for each hand.
Results: Average CSA (mm2) of non-DM patients with CTS was 11.25 whereas the average in DM patients
with CTS was 12.23 (P ¼ .17). Cross-sectional area of 9.5 or greater was the most powerful predictor of
CTS in patients without DM, and CSA of 10.5 or greater in patients with DM.
Conclusions: Cross-sectional area of the median nerve was similar for patients with and without DM;
however, cutoff values for positive diagnosis may need to be adjusted in patients with DM. Ultraso-
nography of the wrist is a valuable resource for diagnosing CTS in patients with and without DM.
Type of study/level of evidence: Diagnostic II.
Copyright © 2020, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Diabetesmellitus (DM) has beenwell-established as a risk factor
for carpal tunnel syndrome (CTS).1,2 A suggested pathophysiology
involves high blood glucose levels resulting in the glycosylation of
tendon proteins restricting free motion at the carpal tunnel.3 It is
estimated that the general population has a prevalence of CTS be-
tween 3.8% and 7.8%.4,5 A 2015 population-based cohort study
found that the prevalence of CTS was higher in patients with
diabetes.6

Ultrasound measurement of cross-sectional area (CSA) of the
median nerve is a noninvasive and painless alternative diagnostic
modality for CTS. There are few studies comparing and analyzing
differences in CSA measurements of the median nerve in patients
with and without DM. Those that exist suggest that there is no
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significant difference between ultrasound measured CSA in pa-
tients with DM and non-DM patients.7,8 There are even fewer
studies comparing CSA measurements in insulin-dependent DM
(IDDM) patients and noneinsulin dependent DM patients.

The purposes of this study were to evaluate median nerve CSA
differences between CTS and non-CTS patients with DM and
without DM and to determine whether there were differences
among DM patients who require insulin therapy. In addition, this
study aimed to analyze whether patient-reported severity of CTS
symptoms was higher in those with or without DM. We hypothe-
sized that there would be no significant difference in median nerve
CSA between DM patients with CTS and non-DM patients with CTS.

Materials and Methods

Study participants

We evaluated and prospectively enrolled patients at our insti-
tution whom we clinically suspected had peripheral nerve
compression. In patients with involvement of both hands, data for
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Figure 1. Functional Status Score.
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each hand was analyzed separately. A total of 248 hands in 155
patients were included: 184 hands (154 non-DM hands and 30
diabetic hands) with clinical suspicion of CTS and 64 control
hands (51 non-DM hands and 13 diabetic hands). Carpal tunnel
syndrome was clinically diagnosed by symptoms in the distribu-
tion of the median nerve, including (1) decreased strength,
paresthesia, or pain in the hand brought on or worsened by
sustained hand or arm position or repetitive action of the hand;
(2) motor deficit or atrophy of the thenar muscles; (3) physical
examination demonstrating sensory deficits in the median nerve
distribution of the hand; and (4) positive Phalen or Tinel sign. A
clinical diagnosis of CTS was made when 2 or more of the 4
criteria were met and presentation was more suggestive of CTS
than other pathologies. In all, 103 hands underwent confirmatory
electromyography before inclusion at the discretion of the
surgeon.

Diabetes mellitus was diagnosed by World Health Organization
criteria: (1) fasting (no caloric intake for 8 or more hours) serum
glucose of greater than 126 mg/dL; (2) random serum glucose
greater than 200 mg/dL; or (3) 2-hour serum glucose greater than
200 mg/dL, measured during an oral glucose tolerance test and
determined by chart review of all patients.

Patient-reported symptom scales

Two patient-reported symptom scales were used for each hand
to measure CTS severity in this study: the CTS Functional Status
Score (FSS) and the CTS Symptom Severity Scale (SSS). The FSS
(Fig. 1) is a scale consisting of 8 daily activities, each of which can be
rated on a scale of 1 to 5, inwhich 5 indicates severe difficulty and 1
is no difficulty at all. Scores were reported as an average of the 8
tasks with amaximum score of 5 and aminimum score of 1. The SSS
(Fig. 2) is an 11-question survey with 5 possible answers for each
question; it is scored from 1 to 5, inwhich 1 indicates no symptoms
or difficulty and 5means severe or constant symptoms or difficulty.
This scale was reported as an average of the 11 questions scaled
from 1 to 5, for a maximum score of 5 for the most severe cases and
a minimum score of 1 for no symptoms at all.

Ultrasonographic assessment

All ultrasound examinations were performed by a hand surgeon
in an outpatient clinic who was not blinded to the DM status of the
patients. Patients were seated across from the examiner with the
elbow placed in approximately 70� flexion, with the dorsum of the
hand resting comfortably against the table. The fingers were placed
in a normal resting position. A 15- to 16-MHz linear transducer was
used to measure the CSA (in mm2) of the median nerve at the level
of the pisiform using the trace function.
Statistical analysis

A power analysis of a one-way 4-group independent analysis
of variance with power set to 0.80, significance set to .05, and a
large effect size demonstrated the need for a sample size of 18
hands/group. Analysis for a 2-sided t test to find a difference
between 2 groups with power set to 0.80, significance set to .05,
and a large effect size demonstrated the need for a sample size
of 25 hands/group. Data for each group are presented as mean ±
SD. Unpaired t test with Welch’s correction was used to compare
continuous variables across 2 groups. We used one-way analysis
of variance analysis to compare data between multiple groups
and determine statistical significance. Receiver operating char-
acteristics (ROC) curve analysis was used to determine the CSA,
FSS, and SSS values most predictive of CTS hands in both DM and
non-DM populations. Statistical analysis was performed using
GraphPad Prism 8 software (GraphPad Software, San Diego, CA).
P < .05 was considered statistically significant and a Bonferroni
correction for multiple comparisons of the same data set was
used as necessary.
Results

Table 1 lists information regarding patient demographics. There
was a predominance of female patients overall (65%) and in all
groups except for the non-DM control group, which was predom-
inantly (73%) male. Analysis of CSA by sex yielded no differences
between males and females in this study.

Average CSA, FSS, and SSS among non-DM control and CTS
hands and DM control and CTS hands are shown in Table 1. The CSA,
FSS, and SSS were all significantly different among the 4 compared
groups (P < .001). Therewas no significant difference between non-
DM and DM control groups (P ¼ .36) or between non-DM and DM
CTS groups (P ¼ .17). There was a significant difference in CSA be-
tween the non-DM control group and non-DM CTS patients (P <
.001) and between the DM control group and DM patients with CTS
(P < .001).



Figure 2. Symptom Severity Scale.

Table 1
Patient Demographics

Non-DM Control DM Control Non-DM CTS DM CTS P Value

Hands, n 51 13 154 30
Average age, y 47.6 50.8 52.1 59.1
M:F 37:14 5:8 42:112 3:27
L:R hand 30:21 7:6 58:96 14:16
Average FSS 1.70 ± 0.78 1.90 ± 0.83 2.43 ± 0.84 2.58 ± 0.74 <.001
Average SSS 2.40 ± 0.89 2.22 ± 0.56 3.13 ± 0.78 3.01 ± 0.73 <.001
Average CSA, mm2 8.84 ± 2.34 8.23 ± 2.05 11.25 ± 3.00 12.23 ± 3.61 <.001
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An ROC curve analysis showed that a CSA 9.5 mm2 or greater
was the most powerful predictor of CTS in patients without DM
(area under curve [AUC] ¼ 0.74), and a CSA 10.5 mm2 or greater in
patients with DM (AUC ¼ 0.85). Moreover, ROC curve analysis
revealed that an SSS 2.60 or greater was the most powerful pre-
dictor of CTS in patients without DM (AUC ¼ 0.73), and an SSS 2.64
or greater in patients with DM (AUC¼ 0.78), whereas an FSS 1.89 or
greater was the most powerful predictor of CTS in patients without



Figure 3. Receiver operating characteristics non-DM control group versus non-DM
CTS group.

Figure 4. Receiver operating characteristics DM control group versus DM CTS group.

Figure 5. Receiver operating characteristics all-control group versus all-CTS group.
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DM (AUC ¼ 0.74), and an FSS 1.82 mm2 or greater in patients with
DM (AUC ¼ 0.71) (Figs. 3e5).

Average CSA, FSS, and SSS of IDDM and non-IDDM patients of
both CTS and control groups are shown in Table 2. The CSA and
SSS were significantly different among the 4 compared groups
(P ¼ .001 and P ¼ .002, respectively), whereas the average FSS
among the 4 populations was not statistically significant (P ¼
.07).
Discussion

Ultrasound measurement of the CSA of the median nerve at
the wrist crease is an acceptable alternative to using electro-
diagnostic testing for the diagnosis of CTS.9,10 However, with any
diagnostic test, certain conditions may affect its accuracy. Dia-
betes mellitus has been proposed as a confounding variable, and
patients with DM are often excluded from studies examining the
diagnostic accuracy of ultrasound and electrodiagnostic testing.
Interestingly, this study yielded a DM control group that had a
smaller average CSA than the control group without DM,
although groups showed no statistically significant difference.
Patients with DM and CTS had a CSA almost 1 mm2 higher than
non-DM patients with CTS; however, the difference was also not
statistically significant (P ¼ .17) as previously mentioned.
Although this t test comparison between groups was not sig-
nificant, the ROC analysis suggested a 10.5 mm2 cutoff for dia-
betic patients compared with 9.5 mm2 for nondiabetic patients;
thus, it is possible that a higher threshold value for diagnosing
CTS may be necessary for diabetic patients. Abiding by this
ROC analysis, the current threshold of 10 mm2 suggested for a
diagnosis of CTS would result in false-positive diagnoses in pa-
tients with DM. These mixed findings warrant further investi-
gation into whether a larger CSA threshold should be considered
in diabetic patients before diagnosing CTS. Therefore, it is critical
to use caution in this patient group when interpreting the re-
sults of ultrasound CSA with respect to a diagnosis of CTS and
when including patients with and without diabetes in research
studies.

The CSA of almost 1 mm2 higher in DM patients with CTS,
although not significant compared with nondiabetic CTS hands,
suggests increased nerve inflammation at the time of presenta-
tion. However, the similar FSS and SSS between DM CTS and
non-DM CTS hands suggest that the level of disability was no
worse in this population at the time of presentation. Adopting
the cutoff values for diagnosis of CTS determined by this ROC
analysis could thus reduce false-positive diagnoses in patients
with DM.

This study had several limitations. First, subjects included in
this study were treated by a single surgeon in a tertiary referral
center. The results may not be generalizable to the general pop-
ulation. Second, a surgeon with extensive experience in ultra-
sound performed the ultrasound examinations. It is unclear
whether inexperienced examiners would replicate these results.
However, Hirsch et al noted moderate levels of agreement be-
tween inexperienced examiners and an expert examiner11. Third,
the number of hands in the control DM group (13) was slightly
below the suggested sample size of 18 determined by power
analysis. Finally, we did not have enough subjects with insulin-
dependent DM to make meaningful conclusions about the dif-
ference between noneinsulin dependent and insulin-dependent
diabetes.



Table 2
Insulin-Dependent DM Versus NoneInsulin Dependent DM Statistics

Non-IDDM Control IDDM Control Non-IDDM CTS IDDM CTS P Value

Hands, n 10 3 20 10
Average age, y 52.9 43.7 58.6 60.1
M:F 5:5 0:3 2:18 1:9
L:R hand 6:4 1:2 9:11 5:5
Average FSS 1.79 ± 0.83 2.25 ± 0.87 2.71 ± 0.77 2.33 ± 0.63 .069
Average SSS 2.12 ± 0.58 2.57 ± 0.38 2.92 ± 0.73 3.20 ± 0.72 .002
Average CSA, mm2 8.30 ± 2.00 8.00 ± 2.65 11.05 ± 3.10 14.60 ± 3.50 .001
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