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Purpose: Severe carpal tunnel syndrome (CTS) is a nerve compression disease that can lead to muscle atrophy from denervation.
However, research on neurological recovery after surgery in severe CTS patients is relatively limited. This study mainly explores the
predictors for poor postoperative neurological recovery in severe CTS patients.

Methods: This study collected data of severe CTS patients who received surgery in our hospital from January 2022 to January 2024.
According to the recovery of nerve function during follow-up, patients were divided into two groups. Clinical data of severe CTS
patients were analyzed.

Results: Age (P<0.001), disease duration (P=0.013), and 2-PD (P<0.001) of patients were closely related to poor postoperative
neurological recovery at 6-month follow-up. Logistic regression analysis showed that age (P=0.011) and 2-point discrimination
(2-PD) (P=0.001) were independent risk factors for poor neurological function recovery at 6 months follow-up and the cutoff values
of age and 2-PD were 53 years and 13.5 mm, respectively. Univariate analysis showed that age (P=0.044), disease duration (P=0.015),
2-PD (P<0.001), and grip strength (P=0.005) were closely related to poor postoperative neurological recovery at 12-month follow-up.
Logistic regression analysis showed that 2-PD (P=0.034) was a predictor of poor neurological function recovery at 12-month follow-up
and the cutoff value of 2-PD was 13.5 mm.

Conclusion: We found that age and 2-PD were independent risk factors for poor neurological function recovery at 6-month follow-up.
However, 2-PD is a predictor for poor neurological recovery at 1-year follow-up. We also identified their cutoff values. This study helps us to
personalize the risk of postoperative neurological recovery in patients with severe CTS in order to provide targeted early intervention.
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Introduction

Carpal Tunnel Syndrome (CTS) is the most common nerve compression disease, characterized by compression of the
median nerve, which provides sensation to the radial side of the thumb, index finger, middle finger, and ring finger, and
controls their movements.'™* CTS may cause various symptoms, such as pain, numbness, loss of dexterity, weakness, or
even pain. Symptoms usually worsen at night and may be intermittent or continuous depending on the degree and
duration of carpal tunnel compression, causing significant damage to the patient’s quality of life.

If early intervention is not carried out, hand function will deteriorate. According to the literature, the incidence rate of
CTS in western countries is nearly 5%. In Sweden, 232 women and 104 men receive surgical treatment per 100000
people every year, of which women aged 50-54 and men aged 75-79 have the highest incidence rate. Similarly, in
Finland, 197 women and 105 men out of 100000 people experience CTS every year.* © It is reported that the incidence of
CTS in the UK has declined slightly.” CTS is very common in pregnant women with an incidence rate of 31%-62%."

most cases, CTS can be cured postpartum without any surgery,” but 30% of women who have not undergone surgical

. . 10
treatment may experience persistent symptoms up to 3 years postpartum.
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The etiology of CTS is multifactorial, including genetic and environmental factors. Research shows that obesity,
rheumatoid arthritis, diabetes, acromegaly and hypothyroidism are related to CTS.''"'* Obesity may be associated with
potential neurological disorders and extraneural factors. However, with the current use of effective biological treatment
for rheumatoid arthritis in high-income countries, the incidence of CTS may be declining.'’ Diabetes can significantly
increase the risk of CTS.'® It is reported that the risk of CTS in patients with type 1 diabetes is 85% because the
mechanism makes nerves more likely to be compressed.'® Type 2 diabetes, lipid metabolism and statin treatment can
increase the risk of CTS, which may be related to potential neuropathy.'’

There is no unified grading standard for the severity of CTS both domestically and internationally. At present, the
most commonly used grading diagnosis and treatment in clinical practice is proposed by Gu,'® mainly based on the
patient’s clinical symptoms, electromyography, two-point discrimination (2-PD), and other results (Table 1). The
treatment methods for CTS include conservative and surgical treatment. Regarding patients with severe CTS, this
surgical treatment can alleviate symptoms. However, research on neurological recovery after surgery in severe
CTS patients is relatively limited. This study mainly explores the predictors for poor postoperative neurological recovery
in severe CTS patients.

Materials and Methods

Ethical Statement

The study was approved by the Institutional Review Board of Third Hospital of Hebei Medical University in compliance
with the Helsinki and an exemption from the informed consent was obtained. All data were anonymized before the
analysis to safeguard patient privacy (W2021-046-1).

Patients
This study retrospectively analyzed the clinical data of CTS patients treated in our hospital from January 2022 to
January 2024. The diagnosis of severe CTS is based on the patient’s clinical symptoms, electromyography, 2-PD, and
other results (Table 1). According to the recovery of hand nerve function at follow-up time (Table 2), excellent and
good patients were divided into the excellent and good group, and average and poor patients were divided into the
average and poor group. The inclusion criteria are: (1) severe CTS patients, which is based on the patient’s clinical
symptoms, electromyography, 2-PD, and other results; (2) adult patients (=18 years old); The exclusion criteria are: (1)
patients with a history of multiple wrist injuries or neurovascular injuries; (2) pathological compression of the median
nerve in patients; (3) cervical spondylosis patients; (4) patients with a history of surgical treatment for CTS; (5)
incomplete data.

This study collected clinical data and relevant examination results of patients at admission. Demographic data
includes age, gender, body mass index, and disease duration; The admission examination indicators include 2-point
Discriminant (2-PD), electromyography and grip strength.

Table | Classification for Carpal Tunnel Syndrome

Classification Numbness Skin Muscle Restricted 2-Point Latent Period of Treatment
Sensation Atrophy | Palm Function | Discrimination Electromyography Plan

I (mild) Mild Normal Normal Normal <4mm <4.5ms Conservative
treatment

Il (moderate) Moderate Hypoesthesia Normal Normal >4mm >4.5ms Surgical
treatment

Il (severe) Severe Anesthesia Moderate Mild >[0mm >|0ms Surgical
treatment
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Table 2 Hand Function Evaluation

Parameters 3 Points 2 Points | Point 0 Point
Paresthesia Complete remission | Most remission Partial remission No remission
Sensory inspection S4 S3 S2 SI
Muscle atrophy Normal Normal Moderate Severe
Restricted palm function Normal Mild Restricted | Moderate Restricted | Severe Restricted
Grip Normal Most remission Partial remission No remission
Scar Normal Normal Moderate Severe

Notes: excellent: 12-18 points; good: 8—I | points; average: 4-7 points; poor:<3 points.

Surgical Procedure

After anesthesia, we use a tourniquet on the affected upper arm. Make a 2 cm incision on the skin of the palm along the
burned side of the thenar muscle line at the distal end of the wrist crease, cut open the transverse ligament of the wrist, and
observe the compression of the median nerve. Thoroughly stop bleeding during surgery, and gradually engage in functional
exercises after surgery, including hand grasping and fine motor exercises. And combined with oral neurotrophic drugs.

Statistics

We used SPSS (version 27.0 SPSS Inc., Chicago, IL) to analyze the data with significance levels of p<0.05. Because our
data did not satisfy the criteria for normality and homogeneity of variance, we performed rank sum test. Regarding count
data, we used Chi-square test. We used univariate and logistic regression analyses to analyze data. We also explore the
cutoff values for continuous variables by the maximum Youden index (sensitivity+specificity-1) in the ROC curve analysis.

Results

Overall results

From January 2022 to January 2024, a total of 210 patients with CTS were screened in this study. Finally, based on the
inclusion and exclusion criteria, 118 patients were included in our study. At 6-month follow-up, 63 patients received our
follow-up, including 40 patients achieving excellent and good functional recovery and 23 patients achieving average and
poor functional recovery (63.5%); at 12-month follow-up, 42 patients received our follow-up, including 25 patients
achieving excellent and good functional recovery and 17 patients achieving average and poor functional recovery (59.5%).

Results of Univariate Analysis

As shown in Table 3, there was no statistically significant difference (P>0.05) in gender, BMI, and grip strength in the two groups
at 6-month follow-up. However, we found that age (P<0.001), disease duration (P=0.013), and 2-PD (P<0.001) were closely
related to postoperative neurological at 6-month follow-up (Table 3). There was no statistically significant difference in gender,
and BMI at 12-month follow-up (P>0.05). However, our finding showed that age (P=0.044), disease duration (P=0.015), 2-PD
(P<0.001), and grip strength (P=0.005) were closely related to postoperative neurological at 12-month follow-up (Table 3).

Results of Logistic Regression Analysis

Logistic regression analysis showed that age [P=0.011, OR=1.235, 95% CI (1.050, 1.453)] and 2-PD [P=0.001,
OR=2.894, 95% CI (1.530, 5.474)] were independent risk factors for poor neurological function recovery at 6-month
follow-up (Table 4). However, 2-PD [P=0.034, OR=9.588, 95% CI (1.187, 77.474)] is a predictor for poor neurological
function recovery at 12-month follow-up (Table 4).

ROC curve analysis showed that age [P<0.001, AUC=0.772, 95% CI (0.653, 0.891)] and 2-PD [P<0.001,
AUC=0.836, 95% CI (0.728, 0.945)] were independent risk factors for poor neurological function recovery at 6-month
follow-up, with cutoff values of 53 years and 13.5 mm, respectively (Table 5). In addition, ROC curve analysis showed
that 2-PD [P<0.001, AUC=0.888, 95% CI (0.774, 1.000)] was an independent risk factor for poor neurological function
recovery at 12-month follow-up, with a cutoff value of 13.5 mm (Table 5).
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Table 3 Univariate Analysis of Postoperative Recovery of Carpal Tunnel Syndrome at Different Follow-Up Times

Parameters 6-Month Follow-Up 12-Month Follow-Up
Excellent and Good Average and Poor P Excellent and Good Average and Poor P
Group (n=40) Group (n=23) Group (n=25) Group (n=17)

Age 48.0 (44.5,53.5) 55.0 (55.0,56.0) <0.001 47.0 (44.0,56.0) 55.0 (55.0,55.0) 0.044
Gender (male) 18 12 0.583 12 10 0.491
BMI 24.0 (23.0,26.0) 24.0 (22.0,28.0) 0.773 24.0 (23.0,26.0) 27.0 (22.0,28.0) 0.554
Course of disease 20.0 (18.0,21.5) 21.0 (20.0,25.5) 0.013 20.0 (18.0,22.0) 21.0 (20.0,26.0) 0.015
2-PD 12.0 (11.0,13.0) 13.0 (14.0,16.0) <0.001 12.0 (11.0,12.0) 14.0 (13.0,16.0) <0.001
Grip 10.0 (9.5,11.0) 11.0 (9.0,12.5) 0.09 10.0 (9.0,10.0) 12.0 (11.0,13.0) 0.005

Table 4 Logistic Regression Analysis of Postoperative
Recovery of Carpal Tunnel Syndrome at Different Follow-Up
Times

Variables P OR 95% CI

Lower Limit | Upper Limit

6-month follow-up

Age 0.011 | 1.235 1.050 1.453

2-PD 0.001 | 2.894 1.530 5.474

12-month follow-up

2-PD 0.034 | 9.588 1.187 77474

Table 5 ROC Curve Analysis and Cutoff Values of Postoperative Recovery of Carpal Tunnel
Syndrome at Different Follow-Up Times

Variables | Area Under Curve p 95% ClI Cutoff Values

Lower Limit | Upper Limit

6-month follow-up

2-PD 0.836 <0.001 0.728 0.945 13.5 mm

Age 0.772 <0.001 0.653 0.891 53 years old

12-month follow-up

2-PD 0.888 <0.001 0.774 1.000 13.5 mm

Discussion

CTS is the most common compression of the median nerve, clinically manifested as numbness in the radial three and
a half fingers innervated by the median nerve. Literature reports on gender, BMI, age, smoking, wrist injury, diabetes,
vitamin D deficiency, hypothyroidism, high waist circumference/waist hip ratio are related to the occurrence of CTS. The
treatment methods for CTS can be divided into conservative treatment and surgical treatment. Conservative treatment
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mainly includes fixation with braces, injection of cortisol into the carpal tunnel, drug therapy, laser therapy, or ultrasound
therapy. Regarding patients with moderate to severe CTS, surgical treatment is often required."

The latest research shows that genetic factors are the key factors leading to CTS. A genome-wide association study identified
16 gene loci associated with the development of CTS.? In addition, factors, such as low height, may increase the risk of CTS.** It
may be speculated that this may be related to the higher incidence of women. Some psychological factors, such as stress,
catastrophizing pain, and perceived illness, are associated with CTS.?'2* Compared to the general population, CTS patients who
undergo surgical treatment have an increased risk of mental health impairment.? In fact, early research on the diagnosis and
treatment of CTS has emphasized the impact of occupational risk factors on the development of CTS.?**” Occupational risk
factors from different research reports worldwide include non-neutral static posture, repetitive movements, high work pressure,
and exposure to arm vibration.”**** However, research on neurological recovery after surgery in severe CTS patients is
relatively limited. This study mainly explores the predictors for poor postoperative neurological recovery in severe CTS patients.

According to the inclusion and exclusion criteria, 118 patients with severe CTS in our hospital underwent surgical
treatment. At 6-month follow-up, we collected data from 63 patients with an excellent rate of 63.5% (40 patients
achieving excellent and good functional recovery and 23 patients achieving average and poor functional recovery). At
12-month follow-up, we collected data from 42 patients with an excellent rate of 59.5% (25 patients achieving excellent
and good functional recovery and 17 patients achieving average and poor functional recovery). Based on univariate and
multivariate analysis, we found that age and 2-PD were independent risk factors for poor neurological function recovery
at 6-month follow-up. However, 2-PD was found to be the only independent risk factor at 1-year follow-up.

The literature reports that the clinical and electrophysiological severity of CTS in elderly patients is increased and
associated with aging, which may be secondary to chronic compression and mechanical stress-induced factors.*® Zyluk
Gadowska®® found that the older patient, the worse outcome of surgery, mainly manifested as decreased hand function,
which greatly affects the patient’s prognosis. Gunes®' believes that advanced age and high BMI seriously affect the
surgical outcomes with 6- to 9-month follow-up. Our research confirms that age contributes to the recovery of hand
function in the mid-term follow-up, but does not affect it in the long-term follow-up. The difference from previous
literature may be related to the follow-up time.

Choi** found that the disease duration also affects the surgical prognosis, implying patients with shorter disease duration
recovering faster than those with longer disease duration. But at 1-year follow-up, the recovery outcomes for all groups were
the same. This is partially consistent with our results that our findings showing disease duration playing a crucial role in
postoperative recovery by univariate analysis. However, in multivariate analysis, the disease duration did not affect the
postoperative recovery of CTS patients. We found that only 2-PD affects the postoperative prognosis of patients with severe
CTS in both mid-term and long-term follow-up. Due to individual differences and variations in the causes of illness, patients
with a long course of illness may not necessarily have a severe condition. Similarly, patients with a short course of illness may
not necessarily have a mild condition. 2-PD can truly reflect the severity of nerve damage.

Although this article provides long-term follow-up for postoperative neurological recovery in patients with severe
CTS, which is somewhat innovative, there are also some limitations. First, single center research inevitably affects the
accuracy of the results. A large sample, multicenter, randomized controlled study is required. Second, retrospective
studies have some inherent limitations; therefore, prospective studies are needed in the future. Third, due to the limited
number of patients with severe CTS, we did not conduct subgroup analysis or establish the prediction model.

We found that age and 2-PD were independent risk factors for poor neurological function recovery at 6-month follow-
up. However, 2-PD is an independent risk factor for poor neurological recovery at 1-year follow-up. We also identified
their cutoff values. This study helps us to personalize the risk of postoperative neurological recovery in patients with
severe CTS in order to provide targeted early intervention.

Data Sharing Statement
The datasets used and/or analysed during the current study available from the corresponding author on reasonable
request.
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