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Abstract. Carpal tunnel syndrome (CTS) is the most 
frequent entrapment neuropathy. Patients commonly experi‑
ence neuropathic pain, leading them to seek medical advice. 
However, other symptoms experienced in patients with CTS, 
such as paresthesia, dysesthesia and allodynia, classed as 
positive sensory symptoms (PSS), are often under‑reported. 
In the present study, patients with surgically‑managed 
CTS were observed pre‑ and post‑surgery to evaluate PSS, 
using the symptoms scale component of the Boston Carpal 
Tunnel Questionnaire (BCTQ) and the Sensory Frequency 
of Symptoms Scale. In total, 19 patients were included in 
the present study, with 79% female patients, and a mean 
age of 54±10.59 years. In addition, the mean follow‑up was 
63±29.91 months. The results of the present study revealed 
a pre‑surgery BCTQ score of 3.52±0.63 and a post‑surgery 
BCTQ score of 1.58±0.61. Notably, improvements in 
pain were observed, at 7.7±2.26 pre‑surgery compared 
with 1.65±2.88 post‑surgery. Compared with pre‑surgery, 
post‑surgery paresthesia scores were reduced from 2.94±0.82 
to 0.47±0.45, dysesthesia scores were reduced from 
2.52±0.84 to 0.47±0.39 and allodynia scores were reduced 
from 0.63±0.75 to 0.26±0.47. In conclusion, the results of the 
present study demonstrated that median nerve decompres‑
sion ameliorated CTS symptoms, such as paresthesia and 
dysesthesia. However, further investigations are required to 
verify the benefits of surgery in relieving allodynia.

Introduction

Carpal tunnel syndrome (CTS) is the most frequent entrap‑
ment neuropathy worldwide. The main symptoms are 
attributed to the compression of the median nerve (1). The 
compression of this nerve is susceptible to fibro‑osseous 
structures surrounding the canal, particularly in the context 
of increased pressures, a phenomenon that occurs when 
the wrist is extended or flexed (2). Decreased epineural 
blood flow and edematous changes occur when the pressure 
reaches 20‑30 mmHg. Sustained high pressure for extended 
periods of time results in ischemia, which may lead to 
demyelination and further damage to the median nerve. 
Notably, there are multiple risk factors for the development 
of CTS, and these include the elevation of pressure within 
the canal (1,2).

Clinical symptoms of CTS often involve neuropathic pain, 
and this sensory impairment is classified into two groups; 
namely, negative and positive. Negative symptoms refer to a 
loss of sensory function, while positive sensory symptoms 
(PSS) refer to an abnormal increase in the function of the 
sensory system (3). PSS include the following: i) Paresthesias, 
when a patient experiences a tingling‑like sensation; ii) dyses‑
thesias, when a patient experiences an unpleasant sensation 
that is unlike pain, numbness or burning; and iii) allodynia, 
referring to the perception of pain elicited by any stimulus that 
is not otherwise pain‑inflicting. Notably, the aforementioned 
symptoms are sensorial abnormalities that may exist with or 
without neuropathic pain (4‑6).

Meyers et al (7) previously reported that the main symp‑
toms of CTS are paresthesia, numbness, pain and weakness, 
and these are scored using different grading scales, such as 
the Boston Carpal Tunnel Questionnaire (BCTQ), Disabilities 
of the Arm, Shoulder and Hand and QuickDash scoring 
systems (7‑9). Notably, negative symptoms of CTS, such as 
anesthesia and hypoesthesia, and positive sensory symp‑
toms (PSS), such as allodynia and dysesthesias, are rarely 
reported (10). The results of a previous study conducted by 
the authors revealed the association between pain and PSS in 
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peripheral nerve neuropathy, highlighting that the independent 
evaluation of all symptoms is required considering primarily 
the sensitive component of each one (Fig. S1) (11). There is 
a gap in skilling and assessing the clinical symptoms of 
CTS: Paresthesia, dysesthesia and allodynia occasionally are 
underestimated in these sensitive components, but pain is well 
described in literature worldwide.

The management of CTS is staged and depends on the 
patient's evolution and response to treatment. Initially, patients 
undergo neuro‑modulatory treatments such as antidepressants, 
anxiolytics and analgesics. If these treatments fail to produce 
results despite dose escalation, patients are referred to reha‑
bilitation where thermotherapy treatments are administered. 
If rehabilitation proves ineffective, wrist infiltration at the pain 
clinic of the hospital is considered. Surgery is recommended if 
these interventions fail.

Given the lack of established correlation between PSS and 
pain intensity (11), individual patient assessment becomes 
imperative. Therefore, the present study aimed to assess 
PSS in CTS utilizing a standardized clinical tool, aiming 
to enhance understanding of the impact of surgery on PSS 
management.

Patients and methods

Study design and participants. The present study was a 
prospective, longitudinal, non‑randomized study that aimed 
to evaluate PSS in CTS following surgical management. A 
total of 122 patients were evaluated in the preoperative stage 
and, according to the elimination criteria and lost patients 
at follow‑up, 19 patients were included in the final study 
[female:male, 15:4 (78.9:21.1%)], and they were admitted 
between June 2007 to September 2017. Measurements were 
performed both before and after surgical intervention. All 
patients were evaluated at the Peripheral Nerve Clinic of the 
Stereotactic and Functional Neurosurgery Service at Mexico 
General Hospital in Mexico City, Mexico (Fig. 1).

Inclusion criteria. The inclusion criteria were as follows: Male 
or female adult patients (age, 18‑75 years); failure to respond 
to treatment with neuromodulators (antidepressants, anxio‑
lytics and analgesics even at maximum doses), treatment in 
rehabilitation with thermotherapy and electrotherapy, or wrist 
infiltration by the hospital's pain clinic with a clinical diagnosis 
of CTS confirmed via electromyography; severe CTS with >7 
Visual Analogue Scale (VAS) points.

Exclusion criteria. Patients with comorbidities associated with 
neuropathy, patients with a high surgical risk (including heart 
disease or coagulopathies) and refusal to undergo surgery; 
continuation of other previous procedures including phar‑
macological therapy, electrotherapy, thermotherapy or wrist 
infiltration.

Elimination criteria. Patients who missed post‑operative 
evaluation and those lost to follow‑up or patients that declined 
the participation in the present study. All patients provided 
written informed consent. The present study was approved by 
the Mexico General Hospital Research and Ethics Committee 
(approval no. DI/16/403/03/152; Mexico City, Mexico).

Data collection. Patient characteristics, including age, sex, 
location of CTS, occupation, comorbidities and average 
follow‑up duration, defined as the time between follow‑up 
and the clinical evaluation of symptoms were collected. The 
clinical evaluation of patients was focused on data collection 
pre‑ and post‑surgery, and included pain as well as functional, 
motor and sensory disturbances. Pain intensity was assessed 
according to the VAS (12), functional components were evalu‑
ated using BCTQ (7) and motor status was evaluated using the 
classical British Medical Research Council (BMRC) Motor 
Grading Scale (13), which evaluated the flexor muscles of 
the hand. The present study focused on PSS, and these were 
evaluated using the Severity Symptom Scale of the BCTQ, and 
the Sensory Frequency of Symptoms Scale (SFSS). Notably, 
the SFSS scores the frequency of sensorial manifestations 
from 0 to 4, with 4 corresponding to experienced symptoms 
>90% of the time, 3 corresponding to experienced symptoms 
50‑89% of the time, 2 corresponding to experienced symptoms 
11‑49% of the time, 1 corresponding to experienced symptoms 
<10% of the time and 0 corresponding to no symptoms (11). 
All clinical components were evaluated by an independent 
surgeon. Further details of all questionnaires are displayed in 
Figs. S1 and S2 (11).

Surgical procedure. Simple open surgery was performed using 
the Tindall technique (14). Briefly, the subcutaneous tissue and 
superficial fascia were exposed, and the transverse carpal liga‑
ment was fully cut, starting in the proximal edge. This method 
was used to avoid damage to the flexor tendons and led to the 
subsequent release of the median nerve. This type of incision 
exposes the nerve and eliminates the presence of adhesions 
that cannot be observed using small incisions.

Statistical analysis. Data are presented as the mean ± stan‑
dard deviation. Differences in pain, and functional, motor or 
sensory manifestations were compared pre‑ and post‑surgery 
using a paired Student's t‑test and a Wilcoxon signed‑rank test. 
To further evaluate potential differences pre‑ and post‑surgery, 
Cohen's D test was used to recalculate the correction coeffi‑
cient for small sample sizes to avoid overestimation of values. 
Statistical analysis was carried out using SPSS (v.25.0; IBM 
Corp.) α=0.05 and β=0.2 and P<0.05 were considered to 
indicate a statistically significant difference.

Results

In total, 112 patients diagnosed with CTS at the Peripheral 
Nerve Clinic of the Stereotactic and Functional Neurosurgery 
Service at Mexico General Hospital were screened according 
to the eligibility criteria. Subsequently, 19 of 112 patients 
(16.9%) were included in the present study, and 93 patients 
were excluded due to a lack of post‑operative follow‑up. 
In total, 79% of patients were female, with a mean age of 
54±10.31 years. The main affected side was the right side (79%), 
where the dominant hand was affected in 89.47% of the cases. 
In total, 47.36% of patients were housewives, and 11 patients 
presented with comorbidities (57.8%). The mean follow‑up 
after surgery was 63±29.11 months. The results of the present 
study revealed that the pre‑surgical and post‑surgical BCTQ 
scores were 3.52±0.63 and 1.58±0.61, respectively (P<0.0001). 
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The FSS component of the BCTQ demonstrated a score of 
3.23±0.41 pre‑surgery, compared with 1.8±0.43 post‑surgery 
(P<0.0001). In addition, a reduction in Symptom Severity 
Scale (SSS) score was observed, at 3.57±0.61 pre‑surgery, 
compared with 1.63±0.24 post‑surgery (P<0.0001) (Fig. 2). 
Patient characteristics are displayed in Table I.

In addition to sensory manifestations, classical clinical 
symptoms, such as pain and strength, were recorded in 
the present study. According to VAS, levels of pain were 
significantly decreased post‑surgery, with scores of 1.65±2.88 
compared with 7.73±1.24 pre‑surgery (P<0.001) (Table I). 
According to the BMRC, motor function was significantly 
increased, with a score of 4.15±0.88 pre‑surgery, compared 
with 4.75±0.25 post‑surgery (P=0.002) (Table I).

Certain sensory disturbances are considered SSS items of 
the BCTQ (Fig. 3). The results of the present study demon‑
strated a decrease in paresthesia and dysesthesias in patients 
(P<0.001), and PSS are highlighted in blue (Fig. 4). Allodynia 
is not included in the BCTG; thus, additional scales were used 
to evaluate potential changes in this symptom.

The results of the present study revealed that levels of 
paresthesia decreased by 84%, with pre‑surgery scores of 
2.94±0.82 compared with 0.47±0.45 post‑surgery (P=0.001; 
d=1.680). Levels of dysesthesia decreased by 81%, with a 
pre‑surgery score of 2.52±0.84, compared with 0.47±0.39 
post‑surgery (P=0.001; d=1.419). Paresthesia and dysesthesia 
were decreased in 100% of the patients who presented with 
these manifestations prior to surgery. Notably, allodynia 

was considered an infrequent manifestation, presenting 
in 3 patients only (15.7%). However, allodynia levels 
decreased by 58%, with a pre‑surgery score of 0.63±0.75, 
compared with a post‑surgery score of 0.26±0.47 (P=0.450; 
d=0.266) (Fig. 5).

Discussion

At present, there is no consensus on the criteria used for 
grading paresthesia, dysesthesia and allodynia in CTS, and 
treatment options are typically offered based on the severity 
of pain (10). CTS surgery for the release of the median nerve 
entrapment is often recommended following electrophysio‑
logical examination (15‑17). Numerous previous studies have 
focused on the association between symptom severity of pain, 
duration and surgical outcomes; however, improvements in 
clinical symptoms are under‑reported (10). Notably, patients 
who are treated within three years of developing symptoms, 
such as pain and paresthesia, achieve complete resolution or 
notable improvements in symptoms (18‑21). However, the 
association between the effectiveness of surgical manage‑
ment in CTS and dysesthesia or allodynia remains to be fully 
elucidated (11).

PSS are under‑reported, as questionnaires that assess CTS 
mainly consider pain and paresthesia. Thus, further investiga‑
tions into alternate sensory impairments, such as dysesthesia, 
allodynia and hypoesthesia, are required. A summary of all 
scores and scales is displayed in Table II (22‑31).

Figure 1. Flowchart. *Pharmacological management with neuromodulators (antidepressants, anxiolytics, and analgesics even at maximum doses), rehabilita‑
tion with thermotherapy and electrotherapy, or wrist infiltration. **Heart disease or coagulopathies. CTS, carpal tunnel syndrome; PNCSFNS, Peripheral 
Nerve Clinic of the Stereotactic and Functional Neurosurgery Service; BCTQ, Boston Carpal Tunnel Syndrome Questionnaire; SFSS, Sensory Frequency of 
Symptoms Scale; SSS, Severity Symptoms Scale; EMG, electromyography; VAS, Visual Analogue Scale.
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In 1957, Garland et al (32) reported the amelioration of 
paresthesia after treatment (32), and in 1958, Giannini et al (26) 
demonstrated comparable results. Subsequently, numerous 
previous studies have reported improvements in paresthesia, 
without the use of a scale (33‑35). In 1996, Wintman et al (36) 
proposed a scale to assess pain, paresthesia and numbness; 
however, this scale is not commonly used in clinical prac‑
tice (36). Further investigations into factors associated with 
paresthesia are required, such as timing, as nocturnal pares‑
thesia is present in up to 95% of patients with CTS (25‑27,29). 
In addition, symptoms such as hypoesthesia and allodynia are 
not well represented on a common clinical scale.

The results of a previous study revealed improvements 
in hypoesthesia following surgical decompression. However, 
no specific percentage of change was determined. In 1984, 
Duchateau and Moermans (37) reported improvements in 
hypoesthesia following surgery; thus, hypoesthesia and allo‑
dynia were recognized as clinical features of CTS. The results 
of the present study revealed that hypoesthesia was present in 
42.1% of patients with CTS, and this decreased to 26.3% after 
surgery. Allodynia was present in 15.7% of patients; however, 
no improvements were observed following surgery.

Further investigations into the impact of surgical manage‑
ment on allodynia are required; however, measurements of 
allodynia are complex.

The BCTQ scale is a widely used scale for the evalua‑
tion of CTS, and includes PSS, as well as hypoesthesia and 
weakness. Notably, the BCTQ scale includes paresthesias 
and dysesthesias; however, it does not include allodynia. In 

other scales, such as the Katz, Kamath and Stothard, Wainner, 
6‑CTS, and Historical‑DP, the dysesthesias component is 
replaced with numbness, which does not represent the spec‑
trum of sensory manifestations that may be experienced with 
dysesthesias (7,22,27,28,31). Symptoms of dysesthesias may 
also include burning, stiff skin and subjective sensations 
that a patient finds difficult to describe (5). Thus, scales that 
report the evaluation of numbness were classed as reported 
dysesthesias (Table II).

In the present study, a total of 2 patients presented with 
allodynia following surgery. Aydin et al (38) reported that 
scarring, fibrosis and adhesion processes may cause symptoms 
such as PSS, which may provide an explanation as to why 
novel symptoms arise following surgery (38‑41). In addition, 
1 patient exhibited fewer improvements in PSS following 
surgery, which may be associated with a high number of 
comorbidities in this patient, such as insulin resistance that 
may be associated with nerve damage (42).

Nerve compression leads to imbalances between excitatory 
and inhibitory signaling in different nerve fibers, and these 
imbalances are associated with ectopic activity, which plays 
a key role in the pathophysiology of pain and PSS (6). The 
results of a previous study demonstrated that allodynia results 
from peripheral drive involving subsets of neurons that are not 
classical nociceptors, leading to the presence of propriocep‑
tive fibers with sensory abnormalities. Numerous mediators 
activate microglia, such as cytokines and brain‑derived neuro‑
trophic factors, highlighting the involvement of multiple 
molecules (43).

Figure 2. Standardized scales for the clinical and functional evaluation of patients with CTS, represented as means and standard deviations after statistical 
analysis using a T‑test and Wilcoxon signed‑rank test, demonstrating in all cases statistically significant decrease in the symptoms after the interven‑
tion (P<0.001). (A) BCTQ: Pre‑operative (3.52±0.63), post‑operative (1.58±0.61). (B) FSS: Pre‑operative (3.23±0.41), post‑operative (1.8±0.43). (C) SSS: 
Pre‑operative (3.57±0.61), Post‑operative (1.63±0.24). ***P<0.001. BCTQ, Boston Carpal Tunnel Syndrome Questionnaire; FSS, Functional Status Scale; SSS, 
Symptom Severity Scale.
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A previous study on peripheral nerve injury revealed the 
association between PSS and pain intensity, highlighting the 
requirement for independent evaluation of these factors. The 
development of a standardized clinical evaluation for patients 
with CTS is required, which includes the majority of symptoms 
experienced (11). PSS affect the same nerve fibers; however, 
these exhibit different molecular and signaling characteris‑
tics that are complex to define. This leads to complexities in 
identifying whether PSS occur simultaneously or as isolated 
symptoms (6,42,43).

The SFSS was used in the present study to determine 
specific patterns associated with each symptom, and to estab‑
lish a threshold of statistically significant improvements. The 

assessment of paresthesia, dysesthesia and allodynia was 
conducted by examining two primary components of each: 
The pain component and the sensory component. While the 
pain component is extensively documented in global literature 
as a descriptive measure (presence or absence), the utilization 
of scales that could offer a more precise understanding of 
the discomfort experienced is not consistently explored. The 
sensory component, which is emphasized in the present study, 
is significant due to its role in causing discomfort and directly 
impacting the daily lives and activities of affected patients 
aiming to evaluate the various symptoms present in CTS, and 
to develop a scale that established the percentage of symptom 
relief, referred to as ‘converting the soft data into hard data’ (44).

Figure 3. Clinical outcomes according to the Symptom Severity Scale component of the Boston Carpal Tunnel Syndrome Questionnaire broken down by the 
outcomes of each of the patients included in the present study. Those manifestations that fall within the positive sensory manifestations such as paresthesias 
and dysesthesias are highlighted in blue color. (A) Clinical evaluation before surgery. (B) Clinical evaluation after surgery.
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Table II. Neuropathic pain and sensory symptoms considered by the reported scales.

Clinical scale Pain (Intensity) Paresthesiaa Dysesthesiaa Allodyniaa Hypoesthesia (Refs.)

BMRC sensory grading scale     ✓ (13)
Katz‑Stirrat diagram ✓ ✓  ✓b  ✓ (22)
BCTQ ✓ ✓  ✓b  ✓ (7)
Global/Katz ✓ ✓  ✓b   (23)
DASH/Q‑DASH ✓ ✓    (8,9)
MHQ ✓     (24)
Bland ✓ ✓    (25)
Historical ✓ ✓    (26)
Kamath & Stothard ✓ ✓  ✓b   (27)
Wainner ✓ ✓  ✓b  ✓ (28)
Lo ✓     (29)
Historical‑DP ✓ ✓  ✓b   (30)
6‑CTS ✓ ✓  ✓b   (31)
SFSS  ✓ ✓ ✓ ✓ (11)

aPositive sensory symptoms. bRepresents only numbness and not all the clinical spectrum of dysesthesia. The check symbol (✓) represents the 
clinical items considered by the scales.

Figure 4. Statistical analysis of positive sensory symptoms (tingling and numbness) considered by the SSS component of the Boston Carpal Tunnel Syndrome 
Questionnaire, where mean and standard deviations are represented. An analysis using a Wilcoxon signed‑rank test was performed, showing significant 
changes in all components. (A) Numbness/Hypoesthesia. (B) Tingling. (C) Numbness/Tingling (Severity). (D) Numbness/Tingling (Frequency). ***P<0.001 
and ****P<0.0001. SSS, Symptom Severity Scale.

https://www.spandidos-publications.com/10.3892/etm.2024.12690
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The present study exhibits numerous limitations, including 
study design, where randomization, blinding and comparison 
with another standard therapeutic procedure have not been 
performed. A convenient, self‑controlled design was used in 
the present study, as surgical treatment altered the natural 
history of the disease (10). Thus, evaluations performed using 
the SSS of the BCTQ and the SFSS before and after surgery 
demonstrated the magnitude of changes, with no ethical 
implications having an impact. While it may be considered 
a limitation, the infrequency of the allodynia (3 patients in 
total in the present study) does not diminish its importance 
in reporting. Similar to other sensory symptoms, it is crucial 
to evaluate and report it to assess the overall condition of the 
patient, as it can cause discomfort and directly impact the 
daily lives and activities of patients.

The present study focused on PSS, and negative sensory 
symptoms were not considered, as these are not often 
present in patients with compressive neuropathy. Notably, an 

exhaustive questionnaire, including pain intensity, paresthesia, 
dysesthesia and allodynia must be used in the evaluation of 
patients, as these symptoms are often experienced simultane‑
ously. In addition, further investigations into comorbidities 
that affect the nervous system and the period of time before 
surgery are required to determine improvements observed 
following surgery.

Regarding the loss of patients, 83% of them did not continue 
in the study as they kept the consultation in their hometown 
clinics. As a result, a total of 19 patients were followed‑up 
in the present study and were in line with the strict selection 
criteria. The follow‑up period in these patients was 5.2 years, 
with the highest period lasting 10 years. Notably, the majority 
of previous studies reported that follow‑up periods lasted 
<1 year (10) (Fig. 1).

The electromyographic studies were not applied after the 
surgery because the criteria for using it in the study was mainly 
to diagnose the nerve lesion in CTS. In addition, they were 

Figure 5. Positive sensory symptoms outcomes according to SFSS. (A) Paresthesias: Significant decrease was observed (84%), with significant differences 
(P=0.001, d=1.680). Preoperative (2.94±0.82), postoperative (0.47±0.45). (B) Dysesthesias: Decreased considerably (81%), with significant differences 
(P=0.001, d=1.419). Preoperative (2.52±0.84), postoperative (0.47±0.39). (C) Allodynia: Was infrequent and the decrease in symptoms was not significant 
(P=0.450, d=0.266). Preoperative (0.63±0.75), postoperative (0.26±0.47). Mean and standard deviation are represented in bar graphs. Statistical analysis was 
performed using a Wilcoxon signed‑rank test. ***P<0.001. SFSS, Sensory Frequency of Symptoms Scale.
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not performed after the surgery, because clinical improvement 
of the sensitive and pain symptoms were found in all of the 
patients reported.

The complexity of identifying both sensitive and pain 
components needed to be elucidated as an independent 
phenomenon that occasionally occurs like a symbiosis 
presented at the same time. However, the special distinction 
between them together with the clinical assessment is the 
novelty of the present study.

In conclusion, decompression of the median nerve 
in patients with CTS may lead to clinical and functional 
improvements. The results of the present study demonstrated 
that PSS, such as paresthesias and dysesthesias, were markedly 
improved following surgery. However, the effectiveness of 
surgery in relieving allodynia remains to be fully elucidated. 
Thus, further clinical essays focused strictly into the associa‑
tion of the sensitive components using novel clinometric scales 
and electrophysiological studies are required to transform 
‘soft data’ into ‘hard data’.
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