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ABSTRACT
AIM: To investigate the effect of age, diabetes mellitus, and body mass index (BMI) on the outcomes of carpal tunnel syndrome
(CTS) surgery in patients with moderate CTS according to neurophysiological classification.
MATERIAL and METHODS: Postsurgical outcomes were evaluated via a nerve conduction study (NCS) six to nine months after the
surgery. Patients were divided into two groups according to neurophysiological classification based on the findings of postsurgical
NCS: patients with mild CTS (partial recovery) or normal NCS (complete recovery) were classified as surgical success, and patients
with moderate to more severe CTS were defined as surgical failure.
RESULTS: Forty-seven patients who underwent surgery for moderate CTS were included in the study. The mean age of the patients
with surgical success (47.3 ± 10.9 years) was significantly lower than that of patients with surgical failure (54.3 ± 12.6 years;
p=0.048). The mean BMI of the patients with surgical success (31.3 ± 4.03 kg/m2) was significantly lower than that of patients with
surgical failure (36.75 ± 5.5 kg/m2; p<0.001). Multivariate logistic regression analysis demonstrated that higher BMI (p=0.003) and
older age (p=0.031) were independent prognostic factors for surgical failure. In addition, there was a statistically significant and
strong correlation between postoperative CTS severity and BMI (rho=0.606, p<0.001).
CONCLUSION: Advanced age and high BMI negatively affect the success of surgical treatment in patients with CTS. Ensuring
weight loss before surgery in CTS patients who have high BMI may increase the probability of treatment success.
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INTRODUCTION

C

arpal tunnel syndrome (CTS) is the most common
mononeuropathy in humans. It occurs as a result of
entrapment of the median nerve in the wrist (24). Age,
female gender, obesity, and diabetes mellitus (DM) are important risk factors for CTS (3). Furthermore, this disease can
have consequences such as disability and impaired quality of
life (1). It is therefore important to select the most appropriate
treatment, which includes surgical or nonsurgical methods.
Mild and moderate CTS cases are treated using nonsurgical
treatment methods (18). However, surgical treatment is used
for patients who do not benefit from nonsurgical methods
or in addition to nonsurgical methods in more severe cases
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(4,7,10). Therefore, surgical treatment is an important part of
CTS treatment. However, some patients may not benefit at
all from surgical treatment (5). The disease may progress in
these people. For this reason, it is important to determine the
underlying causes in patients who do not benefit from surgical
treatment. This is because the number of patients who benefit
from surgical treatment can be increased by using interventions that target these underlying causes. The present study
is intended to investigate the effect of age, body mass index
(BMI) and DM on the outcomes of CTS surgery in patients with
moderate CTS according to their neurophysiological classification.
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MATERIAL and METHODS

Study Population

T

he current study was conducted retrospectively in
patients who were operated at Aksaray University
Training and Research Hospital between June 2015 and
March 2019 with a diagnosis of moderate CTS according to
their neurophysiological classification. From our database, we
found that control electroneuromyography outcomes were
available for only 47 of the 430 patients operated for moderate
CTS, and the data from these patients were used for this
study. We included patients older than 18 years. CTS surgery
was performed after obtaining consent from all patients. We
excluded patients who previously underwent surgery for
CTS, pregnant women, and those with local infection in the
wrist or systemic infection, cervical radiculopathy, brachial
plexopathy, and generalized peripheral neuropathy.
The diagnosis of CTS was confirmed by the presence
of clinical symptoms and an electrodiagnostic nerve
conduction study (NCS) performed electrodiagnostically.
The temperature of the hand was kept at greater than 32°C
during the neurophysiological examination. The median
and ulnar nerves were examined bilaterally during the NCS.
Sensory transmissions of the median and ulnar nerves were
obtained antidromically on the second and fifth fingers,
respectively, using surface recording electrodes. Recording
was performed using surface recording electrodes from the
abductor pollicis brevis muscle during the median motor NCS
and from the abductor digiti minimi muscle during the ulnar
motor NCS. Motor and sensory conduction distal latencies
(ms), amplitudes, and nerve conduction velocities (m/s) of
the bilateral median and ulnar nerve were measured. Patients
diagnosed with moderate CTS in at least one hand and who
were operated for this reason were included in the study. A
two-channel electroneuromyography device (Micromed SpAVia Giotto, 2-31021 Mogliano Veneto, Italy, 2014) was used for
the electrodiagnostic diagnosis.
Patients who exhibited median neuropathy in the wrist with
NCS were categorized into the mild, moderate, or severe
CTS groups (9,21). The mild CTS group consisted of patients
with a sensory nerve action potential (SNAP) or mixed nerve
action potential distal latency delay of >3.2 ms and/or a
SNAP amplitude below the lower limit of normal (<16 μV). The
moderate CTS group included patients with a median nerve
motor distal latency prolongation of >4.6 ms and who met
the criteria for mild CTS. The severe CTS group consisted of
patients whose median nerve compound muscle nerve action
potential amplitude was below the lower limit of normal (<5.0
mV) or patients without SNAP.

In our clinic, the height and weight of all patients is routinely
measured and recorded before surgery. We retrieved the
height and weight of the patients included in this study our
database and calculated the patients’ BMI (kg/m2). Patients
were divided into six categories based on BMI (18.5–24.9,
25.0–26.9, 27.0–29.9, 30.0–34.9, 35.0–39.9 and ≥40 kg/m2)
(2).
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The surgical procedure was performed with the patients under
local anesthesia using a mini open incision technique. Local
anesthesia was performed in each patient with an anesthetic
agent containing lidocaine hydrochloride (20 mg/mL) and
epinephrine (0.0125 mg/mL). Then, a 1-cm vertical incision
was made with a no. 15 scalpel, such that the distal end of
the incision was located where the line was drawn from the
middle of the third finger on the flexor side of the hand to
the proximal and the line drawn from the medial side where
the thumb ends intersect. After the automatic retractor was
placed, blunt dissection was performed with a curved clamp.
Dissection was continued after the transverse carpal ligament
(TCL), which is the main part of the flexor retinaculum, was
seen. After the distal border of the TCL was found, the median
nerve was visualized by entering from beneath. Following the
line with the median nerve, the entire TCL was cut toward the
proximal over the median nerve. Finally, after homeostasis,
the procedure was finalized by closing with a 3.0 Prolene
Vicryl suture. Patients remained under observation for six
hours after the procedure. They were then discharged with a
broad-spectrum antibiotic prescribed, on the condition that
they return for a follow-up visit 10 days later. Daily dressing
change was recommended.
In the present study, the patients who underwent NCS six to
nine months after the surgery were divided into two groups
according to the postsurgical results and neurophysiological
classification. Patients with mild CTS (partial recovery) or
normal NCS (complete recovery) were defined as “surgical
success” and those with moderate to severe CTS were defined
as “surgical failure”. This study was approved by the ethics
committee of our institution (April 24, 2020, No. 2020/03-65),
and the study was carried out in accordance with the Helsinki
Declaration.
Statistical Analysis
Results are presented as mean ± SD and percentage (%). The
normal distribution pattern of the data was confirmed using
the Kolmogorov–Smirnov normality test. Patient age and BMI
were compared using the Student’s independent-samples
t test. Gender distribution and the frequency of DM were
investigated using Fisher’s exact test and chi-square test.
The chi-square test was used to determine the relationship
between the prevalence of DM in each BMI category and
the BMI category. To investigate the independent predictive
factors for surgical failure, a multivariate logistic regression
model was used. Correlations between postoperative CTS
severity and BMI and age were performed using the Spearman
nonparametric correlation test because the postoperative CTS
severity was ordinal. Results were interpreted according to
the published principles of Cohen (weak positive correlation,
r=0.10–0.29; moderate positive correlation, r=0.30–0.49;
strong positive correlation, r=0.50–1.00) (8). SPSS 23.0 (SPSS
Inc., Chicago, IL) was used for all statistical analyses. A p
value less than 0.05 was considered statistically significant.
█

RESULTS

Forty-seven patients who underwent surgery for moderate
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CTS were included in the study. The group with surgical
success consisted of 26 patients (7 men and 19 women;
mean age, 47.3 ± 10.9 years), and the group with surgical
failure consisted of 21 patients (4 men and 17 women; mean
age, 54.3 ± 12.6 years). There was no difference in gender
distribution between the groups (p=0.731); however, the mean
age of patients with surgical success was significantly lower
than those with surgical failure (p=0.048).
The frequency of DM was 23.1% (6 of 26 patients) in patients
with surgical success and 23.8% (5 of 21 patients) in patients
with surgical failure, and this frequency did not differ between
the groups (χ2 = 0.003, p=0.953). In addition, the mean BMI
of the patients with surgical success (31.3 ± 4.03 kg/m2) was
significantly lower compared with the group with surgical
failure (36.75 ± 5.5 kg/m2; p<0.001).

Table I: Multivariate Logistic Regression Analysis for Surgical
Failure

p

OR (95% CI)

0.031

1.084 (1.007 -1.167)

0.425

0.39 (0.039 -3.9)

BMI

0.003

1.461 (1.141 -1.871)

DM

0.09

6.26 (0.74 -52.4)

Age
Gender

BMI: Body mass index, DM: Diabetes mellitus, OR: Odds ratio,
CI: Confidence interval.

Although the prevalence of DM increased as the BMI level
increased (BMI = 18.5–24.9, 0%; BMI = 25.0–26.9, no
patients; BMI = 27.0–29.9, 16.67%; BMI = 30.0–34.9, 18.18%;
BMI = 35.0–39.9, 30.77%;and BMI ≥40, 37.5%), this was not
statistically significant (χ2 = 2.668, p=0.615).
Table I presents the results of multivariate logistic regression
analysis for surgical failure. Higher BMI (p=0.003) and older
age (p=0.031) were found to be independent prognostic
factors for surgical failure in patients with moderate CTS.
Moreover, a statistically significant and strong positive
correlation was evident between postoperative CTS severity
and BMI (rho=0.606, p<0.001; Figure 1). However, no
significant correlation was found between postoperative CTS
severity and age (rho=0.226, p=0.12).
█

DISCUSSION

In the current study, we found that age and BMI are
independent prognostic factors for surgical failure in patients
with moderate CTS. Specifically, patients with surgical
success were younger and had a lower BMI as compared
with patients with surgical failure. In addition, we found a
statistically significant and strong positive correlation between
postoperative CTS severity and BMI.
Both surgical and nonsurgical treatments are used to treat
CTS (11,16,25), and previous reports have indicated that
surgical treatment is more effective than nonsurgical therapy
(11,20). However, even though surgery is effective, nearly 25%
of patients do not benefit from this treatment (5). Patient- and
surgeon-related causes of unsuccessful carpal tunnel surgery
have been defined as follows: incomplete transection of the
TCL, surgical site infections, postoperative palmar fascia
necrosis, fibrous proliferation in the carpal tunnel, tenosynovitis
of the flexor tendons, compression of the cutaneous branch
of the median nerve, and, rarely, iatrogenic median nerve
incisions (6,12,15,22). However, to the best of our knowledge,
the effect of BMI on the success of surgical treatment in
CTS patients has not been thoroughly investigated in the
literature. In the current study, we found that patients with
low BMI benefit more from surgical treatment. In light of these
important findings, we believe that delaying surgery for CTS

Figure 1: Graph of the correlation between the postsurgical
severity of carpal tunnel syndrome and body mass index. Of note,
the follow-up nerve conduction studies performed six months
after the surgery showed that none of the patients developed
severe carpal tunnel syndrome.

patients with a high BMI until after they lose weight would
increase the success of surgical treatment.
Age is an important risk factor for CTS (3,19). Moreover,
a positive relationship was found between age and CTS
severity (9). However, to the best of our knowledge, the
correlation between age and outcomes of CTS surgery
has not been investigated. In the present study, the mean
age of the patients with surgical success was found to be
significantly lower than the group with surgical failure. Age
was an independent prognostic factor for surgical failure. This
shows that age is an important risk factor for the development
of CTS as well as for the surgical outcomes in CTS. However,
age is an irreversible factor. Nevertheless, it is important for
the surgeon or clinician to be aware of the fact that younger
patients may benefit more and older patients may benefit less
from CTS surgery. Likewise, the combination of surgical and
nonsurgical methods may be more useful for the treatment of
older patients with moderate to severe CTS.
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DM is known to be an important risk factor for CTS (3,16,19).
One meta-analysis found no significant difference between
diabetic and nondiabetic patients in the recovery of all various
outcomes, except for sensory conduction velocities after
CTS surgery. In other words, in this analysis, a better result
was observed in nondiabetic CTS patients only in sensory
conduction velocity compared with diabetic patients (14).
Similarly, other studies have found that after carpal tunnel
release, diabetic patients have the same beneficial outcomes
as nondiabetic patients (23,26). Similar to these studies
(14,23,26), we found that DM had no effect on the outcomes
of surgical treatment in CTS patients. However, some studies
in the literature have indicated otherwise (13,17). This is
probably an issue that will continue to be discussed in the
future. DM is known to be associated with BMI (2). However,
we did not find a relationship between DM and BMI in our
study. This result may be due to the small number of patients
included in our study. We believe that further studies should
be conducted with broader patient populations and longer
follow-up periods to clarify this issue.
We believe that the findings of this study provide important
contributions to the literature and also to the success
of surgical treatment for CTS. However, there are some
limitations to the current study. One limitation is that we did
not include disease duration, occupational information of
the patients, or information on other rare risk factors for CTS
(such as connective tissue disorders). Another limitation is the
fact that the study was retrospective and performed in only a
single center.
█

CONCLUSION

In the present study, we found that age and BMI are important
factors affecting the success of surgical treatment in CTS
patients. Age is an unchangeable factor, but BMI can be
changed. In CTS patients with high BMI who are considered
for surgical treatment, success of the surgery can be increased
by developing weight-loss strategies on an individual patient
basis. We believe that the results obtained in the current
study, which investigates the effect of age and BMI on surgical
treatment results in CTS patients, will be confirmed in the
future with further studies on this subject.
█
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