
Introduction 

Carpal tunnel syndrome (CTS) is the most common focal en-
trapment mononeuropathy, affecting 1% of the population [1,2]. 
When patients do not improve with conservative treatment, car-
pal tunnel release (CTR) surgery is frequently performed. Ap-
proximately 70% to 90% of patients have good to excellent long-
term outcomes with CTR [3]. The remaining patients have poor 
outcomes, which can be classified into one of 3 categories: per-
sistent, recurrent, or new symptoms [4]. An understanding of 
the factors that predict a poor outcome after CTR would be ben-
eficial during preoperative counseling and provide more accurate 
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expectations for postoperative outcomes. 
Many existing studies on CTS have reported its risk factors, 

along with methods for its diagnosis and treatment; however, 
few have investigated the factors affecting the postoperative im-
provement of CTS. Even in studies that identified predictors of 
postoperative outcomes, the results were inconsistent. Previous 
studies have found that worse outcomes of CTR have been asso-
ciated with preoperative variables such as preoperative muscle 
weakness or atrophy [5–7], predisposing medical conditions [6], 
including diabetes and thyroid disease [8], heavy or repetitive 
manual work [9,10], and exposure to vibration [11]. However, 
other studies have found that predisposing medical comorbidi-
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ties [12–18], patient factors (age, sex) [19,20], duration of symp-
toms before surgery [19], neurophysiologic testing [19,21], 
physical examination findings [22], and body mass index [23] 
did not affect the postoperative outcomes. The severity of nerve 
conduction or electromyographic abnormalities is generally not 
associated with surgical outcomes [6,7,9,10]. 

Most previous studies have evaluated postoperative improve-
ments in CTS through patient-reported symptom relief and sat-
isfaction [24–30]. There have been few comparative studies on 
electrodiagnostic (EDX) studies before and after CTR in the 
same patients. Our study intended to analyze changes in EDX 
parameters after CTR instead of patient-reported symptom re-
lief. The aim of this study was to describe the quantitative chang-
es in EDX parameters after CTR and to clarify the factors affect-
ing the recovery of the EDX parameters. Our hypothesis was that 
older age, longer durations of symptoms, and greater preopera-
tive severity might negatively affect EDX recovery. An under-
standing of the factors that predict postoperative outcomes 
would be beneficial during preoperative counseling and provide 
more accurate expectations for the prognosis. 

Materials and Methods 

This retrospective study was approved by the ethics commit-
tee of Chung Ang University Hospital (approval number: 2109-
029-19386) and was performed in accordance with the Declara-
tion of Helsinki. 

1) Participants 
We retrospectively screened patients who visited an EDX labo-

ratory affiliated with the Department of Physical Medicine and 
Rehabilitation of a single tertiary hospital from January 2012 to 
January 2022 and who presented with hand tingling. Patients 
were eligible if they met all of the following criteria: (1) they 
were diagnosed with CTS based on an EDX study, (2) they re-
ceived CTR by a single orthopedic surgeon at the same hospital, 
and (3) they received a follow-up EDX study after CTR. 

Patients were excluded if (1) they had diabetes before CTR; 
(2) they had no medical records concerning their medical co-
morbidities, including diabetes and duration of symptoms at the 
time of CTR; (3) their EDX results suggested combined cervical 
myeloradiculopathy or ulnar neuropathy, generalized demyelin-
ating polyneuropathies, generalized axonal neuropathy related to 
end-stage renal disease, or trauma-related median neuropathy; or 
(4) they were on hemodialysis. A total of 39 cases in 35 patients 
were enrolled in this study. 

We expected that age, sex, duration of symptoms, and the se-

verity of findings on the preoperative EDX study might affect the 
results of the follow-up EDX studies. We surveyed these factors 
through a review of medical records. 

The performance of CTR was dependent on the surgeon’s de-
cision and based on each patient’s preoperative severity, duration 
of symptoms, previous history of treatments, comorbidities, and 
other factors. 

2) Electrodiagnostic studies and outcome measurements 
The EDX studies were performed using a Nicolet EDX EMG 

system (Natus, Pleasanton, CA, USA). In our EDX laboratory, 
the patient’s skin temperature was routinely maintained between 
31°C and 34°C. In nerve conduction studies (NCSs), the con-
ventional surface electrode technique was used. The active re-
cording electrode was placed on the belly of the abductor pollicis 
brevis muscle, and the reference electrode was attached distally 
to the insertion of the muscle during the motor NCSs. Wrist 
stimulation was performed 8 cm proximal to the active recording 
electrode. The onset latency (CMAPlatency) and baseline to peak 
amplitude (CMAPamplitude) values of the compound motor action 
potential (CMAP) were measured.  

Antidromic sensory nerve conduction was recorded from the 
index finger and stimulated in the wrist. The distance between 
the recording electrode and stimulator was 14 cm. Of the senso-
ry nerve action potentials (SNAPs), the onset latencies (SNAPla-

tency) and baseline to peak amplitudes (SNAPamplitude) were mea-
sured. 

In EDX studies, CTS was diagnosed when one or more of the 
following criteria were satisfied: (1) When the median CMAPla-

tency was 4.2 ms or more, (2) When the median SNAPlatency was 
3.2 ms or more [31,32]. 

Additive NCS of other nerves and needle electromyography 
ruled out CTS-mimicking diseases such as cervical radiculopa-
thy, motor neuron disease, and brachial plexopathy. 

The degree of the patient’s median nerve damage was classi-
fied into grades 1 to 6 according to Bland’s neurophysiologic 
grading scale (Table 1) [33]. The patient’s preoperative severity 
was classified as severe (Bland’s scale 4-6) or non-severe (Bland’s 
scale 1-3). Improvement was defined as at least a 1-grade positive 
change on Bland’s scale after CTR. We also evaluated the recov-
ery of EDX parameters by measuring the differences (ΔCMAPam-

plitude, ΔCMAPlatency, ΔSNAPamplitude, and ΔSNAPlatency) between 
the preoperative and postoperative CMAPamplitude, CMAPlatency, 
SNAPamplitude, and SNAPlatency values. 

3) Statistical analysis 
Statistical analyses were performed using IBM SPSS ver. 21.0 
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(IBM Corp., Armonk, NY, USA). The paired t-test was used to 
compare the differences between the preoperative and postoper-
ative ΔCMAPamplitude, ΔCMAPlatency, ΔSNAPamplitude, and ΔSNAPla-

tency values. The Mann-Whitney U-test and chi-square tests were 
used to identify significant variables in the univariate analysis of 
improvement according to Bland’s scale. Spearman’s correlation 
analysis was performed to examine the correlation between 
changes in EDX parameters (ΔCMAPamplitude, ΔCMAPlatency, 
ΔSNAPamplitude, and ΔSNAPlatency) and continuous variables (age 
and duration of symptoms). Point-biserial correlation analysis was 
conducted to assess the correlation between changes in EDX pa-
rameters and categorical variables (sex and preoperative severity). 

All statistical tests were conducted at a two-sided 5% signifi-
cance level, and all reported p-values were two-sided. Statistical 
significance was set at p <  0.05. 

Results 

1) Clinical characteristics of the study populations 
In total, 39 CTS cases from 35 patients were included in this 

study. Four patients had bilateral CTS and received bilateral 
CTR. The clinical characteristics of patients are summarized in Ta-
ble 2. The mean age of the patients was 56.3 ±  8.7 years, and the 
mean duration of symptoms at the first visit was 27.8 ±  38.7 
months. Four cases (10.3%) were in men and 35 cases (89.7%) 
were in men. Fifteen cases (38.5%) were on the right, 16 cases 
(41.0%) were on the left, and 4 cases were on both sides (Table 2). 

Based on Bland’s scale, 5 cases (12.8%) were classified as grade 
2 (mild), 20 cases (51.3%) were grade 3 (moderately severe), 2 
cases (5.1%) were grade 4 (severe), 7 cases (17.9%) were grade 5 
(very severe), and 5 cases (12.8%) were grade 6 (extremely se-

vere). Patients were classified into 2 subgroups according to their 
preoperative severity: severe (Bland’s scale 4-6) and non-severe 
group (Bland’s scale 1-3). The severe group accounted for 14 
cases (35.9%) and the non-severe group accounted for 25 cases 
(64.1%). The subgroups did not show significant differences in 
terms of the sex ratio (p =  0.123). However, there were signifi-
cant differences in age and duration of symptoms between the  
2 groups (age, p =  0.006; duration of symptoms, p =  0.028)  
(Table 3). 

Postoperative follow-up EDX studies were performed in 20 
cases (51.3%) at 6 months, 10 cases (25.6%) at 12 months, 6 
cases (15.4%) at 24 months, and 3 cases (7.7%) at 36 months.  

2) The changes in EDX parameters after CTR  
There was significant recovery of EDX parameters, such as 

ΔCMAPamplitude, ΔCMAPlatency, ΔSNAPamplitude, and ΔSNAPlatency 
(ΔCMAPamplitude, p =  0.024; ΔCMAPlatency, p <  0.001; ΔSNAPampli-

tude, p <  0.001; and ΔSNAPlatency, p <  0.001) after CTR (Table 4). 
Even in the cases with “no response” on the preoperative EDX 

studies, the recovery of obtainable EDX responses after CTR was 
reported in 25.0% of cases (1 of 4) for CMAP and 50.0% of cases 
(6 of 12) for SNAP, respectively. 

Table 1. Bland’s Neurophysiologic Grading Scale for Carpal Tunnel 
Syndrome

Grade EDX abnormality
1. Very mild CTS detected by only PWDSLD
2. Mild Median DML <  4.5 ms and sensory NCV <  40
3. Moderately severe Median DML >  4.5 ms and <  6.5 ms with pre-

served SNAP
4. Severe Median DML >  4.5 ms and <  6.5 ms with absent 

SNAP
5. Very severe Median DML >  6.5 ms with CMAP >  0.2 mV
6. Extremely severe Median CMAP from APB <  0.2 mV

EDX, electrodiagnostic; CTS, carpal tunnel syndrome; PWDSLD, palm wrist 
distal sensory latency difference; DML, distal motor latency; NCV, nerve 
conduction velocity; SNAP, sensory nerve action potential; CMAP, com-
pound motor action potential; APB, abductor pollicis brevis muscle.
Based on [33].

Table 2. Clinical Characteristics of the Study Population

Clinical characteristic Value
No. of patients 34
No. of CTS cases 39
Sex (male:female) 4:35
Age (y) 56.3 ±  8.7 (30–70)
Duration of symptoms (mo) 27.8 ±  38.7 (1–120)
Affected side of the CTS (no. of patients)
  Right 15
  Left 16
  Bilateral 4
Preoperative severity (Bland’s scale) (no. of cases)
  Grade 2: mild 5 (12.8)
  Grade 3: moderately severe 20 (51.3)
  Grade 4: severe 2 (5.1)
  Grade 5: very severe 7 (17.9)
  Grade 6: extremely severe 5 (12.8)
Period of follow-up EDX study (no. of cases)
  6 mo after surgery 20 (51.3)
  12 mo after surgery 10 (25.6)
  24 mo after surgery 6 (15.4)
  36 mo after surgery 3 (7.7)

Values are presented as mean ± standard deviation (range) or number (%).
CTS, carpal tunnel syndrome; EDX, electrodiagnostic.
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3) Changes in Bland’s scale after CTR 
We analyzed improvement patterns according to cases’ preop-

erative severity based on Bland’s scale. Of the 39 cases, 24 cases 
(61.5%) showed improvements (at least a 1-grade positive 
change on Bland’s scale) after CTR, and 15 cases (38.5%) 
showed non-improvement. 

The final change in each case’s Bland’s scale after CTR is pre-
sented in Fig. 1A. The line with a slope of 1 presents cases with 
the same Bland’s scale before and after CTR. The cases below 
the line are those in which improvement occurred, while those 
above and at the line comprise non-improvement cases. Im-
provement was observed in (60%) out of 5 cases with preopera-
tive Bland’s scale 2, 12 (60%) out of 20 cases with preoperative 
Bland’s scale 3, one (50.0%) out of 2 cases with preoperative 
Bland’s scale 4, 6 (85.7%) out of 7 cases with preoperative 
Bland’s scale 5, 2 (40%) out of 5 cases with preoperative Bland’s 
scale 6 (Fig. 1A). The overall patients were classified according to 
the timing of the follow-up EDX study. Follow-up EDX studies 
were performed 6 months to 36 months after CTR. Ten (50.0%) 
of 20 patients who received a follow-up EDX study at 6 months 
after CTR showed improvement on Bland’s scale (Fig. 1B). Five 
(50.0%) of 10 patients who received follow-up at 12 months af-
ter CTR revealed improvement on Bland’s scale (Fig. 1C). All pa-
tients who received follow-up EDX at 24 (n =  6) and 36 months 
(n =  3) after CTR demonstrated improvement on Bland’s scale 
(Fig. 1D, E). 

4) Analysis of the clinical factors affecting improvement 
based on Bland’s scale after CTR 

Univariate analysis revealed that improvements in Bland’s scale 
were not associated with any clinical factors (sex, p =  0.631; age, 
p =  0.875; duration, p =  0.598; preoperative severity, p =  
1.000; and period of follow-up EDX study, p =  0.051). The im-
provement group received follow-up EDX studies on average 

15.5 ±  10.8 months after CTR, and the non-improvement 
group had follow-up examinations at an average of 8.0 ±  2.9 
months after CTR. Even though no statistically significant differ-
ence in the timing of follow-up EDX studies was found between 
the improvement group and the non-improvement group (p =  
0.051), the follow-up period of the improvement group tended 
to be longer than that of the non-improvement group (Table 5). 

5) Analysis of clinical factors affecting the recovery of EDX 
parameters after CTR 

The quantitative analysis of changes in EDX parameters after 
CTR showed a significant inverse correlation between age and 
ΔSNAPamplitude, suggesting that younger age was associated with 
greater recovery of ΔSNAPamplitude after CTR (p =  0.021, r =  
-0.369). A significant correlation was found between preopera-
tive severity and recovery of both ΔCMAPamplitude and ΔCMAPla-

tency values after CTR, in which the preoperative severe group 
showed more recovery of ΔCMAPamplitude and ΔCMAPlatency val-
ues after CTR (ΔCMAPamplitude, p =  0.011, r =  0.403; ΔCMAPla-

tency, p =  0.038, r =  0.334) (Table 6). 

Discussion 

Among 39 cases, 24 (61.5%) showed improvement in CTS (at 
least a 1-grade positive change on Bland’s scale) in the follow-up 
EDX study after CTR. This was similar to the 70% to 90% im-
provement rates reported in other studies [3,34]. There was a sig-
nificant recovery of EDX parameters such as ΔCMAPamplitude, ΔC-
MAPlatency, ΔSNAPamplitude, and ΔSNAPlatency after CTR. No statisti-
cally significant associations were found between improvements 
on Bland’s scale and clinical factors (sex, age, duration of symp-
toms, and preoperative severity), whereas the quantitative analy-
sis of EDX parameters suggested that age and preoperative severi-
ty can affect the recovery of EDX parameters after CTR. 

Table 3. Baseline Characteristics of the Subgroups according to Pre-
operative Severity

Variable Severe group* Non-severe group p-value
Number 14 25
Sex (male:female) 3:11 1:24 0.123
Age (y) 61.6 ±  6.9 (52–70) 53.3 ±  8.3 (30–69) 0.006†

Duration of symptoms 
(mo)

46.0 ±  50.4 (4–120) 17.7 ±  26.4 (1–120) 0.028†

Values are presented as mean ± standard deviation, except for the num-
ber of patients and sex ratio.
*Preoperative severity classifications were based on Bland’s scale (severe 
[Bland’s scale 4-6] and non-severe [Bland’s scale 1-3]).
†p < 0.05, Mann-Whitney U-test.

Table 4. Changes in Electrodiagnostic Parameters after Carpal Tun-
nel Release

Parameter Preoperative Postoperative Difference (Δ) p-value
CMAP amplitude 

(mV)
7.5 ±  4.4 8.3 ±  4.5 0.8 ±  2.1 0.024*

SNAP amplitude 
(µV)

10.4 ±  11.8 17.2 ±  13.4 6.8 ±  9.1 <  0.001*

CMAP latency (ms) 6.1 ±  3.0 4.8 ±  2.6 1.2 ±  1.9 <  0.001*
SNAP latency (ms) 4.9 ±  1.5 3.8 ±  1.4 1.1 ±  1.2 <  0.001*

Values are presented as mean ± standard deviation.
CMAP, compound motor action potential; SNAP, sensory nerve action po-
tential.
*p < 0.05 by the paired t-test.
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Fig. 1. The changes in each patient’s Bland’s scale after carpal 
tunnel release (CTR) according to the timing of the follow-up 
electrodiagnostic (EDX) study. (A) Changes in Bland’s scale after 
CTR in all patients (n = 39). (B) Changes in Bland’s scale in pa-
tients who received a follow-up EDX study 6 months after CTR (n 
= 20). (C) Changes in Bland’s scale in patients who received a 
follow-up EDX study 12 months after CTR (n = 10). (D) Changes 
in Bland’s scale in patients who received a follow-up EDX study 
24 months after CTR (n = 6). (E) Changes in Bland’s scale in pa-
tients who received a follow-up EDX study at 36 months after 
CTR (n = 3).

Table 5. Analysis of Clinical Factors Affecting Improvement Based on Bland’s Scale after Carpal Tunnel Release

Variable Improvement group* Non-improvement group p-value
Number 24 (61.5) 15 (38.5)
Sex
  Female 22 13 0.631
  Male 2 2
Age (y) 56.4 ±  8.4 56.0 ±  9.4 0.875
Duration of symptoms (mo) 30.0 ±  42.8 24.3 ±  32.1 0.598
Preoperative severity
  Severe group 9 5 1.000
  Non-severe group 15 10
Timing of follow-up EDX study (mo) 15.5 ±  10.8 8.0 ±  2.9 0.051
Values are presented as number (%) or mean ± standard deviation.
EDX, electrodiagnostic.
*Improvement was defined as at least a 1-grade positive change on Bland’s scale after carpal tunnel release.
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This study aimed to describe quantitative changes in EDX pa-
rameters after CTR and to clarify the factors affecting the recov-
ery of EDX parameters. We analyzed the association between 
improvement based on Bland’s scale and each clinical factor (sex, 
age, duration of symptoms, and preoperative severity), as well as 
correlations between the recovery of quantitative EDX parame-
ters and clinical factors. A unique feature of our study was that 
surgical outcomes were quantified objectively by analyzing 
changes in EDX parameters instead of using patient-reported 
subjective symptoms and satisfaction. No statistically significant 
associations were found between improvements on Bland’s scale 
and clinical factors, whereas preoperative severity and age affect-
ed changes in quantitative EDX parameters. Younger patients 
showed greater recovery of ΔSNAPamplitude values after CTR. The 
degree of CMAP recovery was greater (for both ΔCMAPamplitude 
and ΔCMAPlatency) in the preoperative severe group. These re-
sults may be related to the relatively low granularity of Bland’s 
scale. For example, an improvement in ΔCMAPlatency values may 
not be reflected by a change on Bland’s scale. 

Our results showed significant differences in age and duration 
of symptoms between the preoperative severe (Bland’s scale 4-6) 
and non-severe (Bland’s scale 1-3) groups. The mean age and du-
ration of symptoms in the severe group were greater and longer 
than those in the non-severe group, respectively. Chronic entrap-
ment may cause severe nerve damage, such as irreversible axonal 
damage during a long disease period, which can affect severity. 

Our quantitative analysis of EDX parameters was consistent 
with our hypothesis that age can affect the recovery of EDX pa-
rameters after CTR, suggesting that younger patients showed 
greater recovery of ΔSNAPamplitude values after CTR. It is widely 
known that motor and sensory nerve conduction responses 
gradually decline with aging in the general population. Several 
studies also have reported a significant correlation between age 
and the course of entrapment neuropathy. Schwartz and Chan 
reported a progressive increase in distal motor latency and a pro-

gressive decrease in the CMAP amplitudes of older patients with 
CTS compared to younger patients; therefore, these older pa-
tients may require different therapeutic approaches [35]. Kim et 
al. [36] also compared NCS findings between younger and older 
groups and reported that CTS often has a progressive, non-re-
mitting course in elderly patients aged over 60 years, possibly 
due to different mechanisms according to age. Based on the cur-
rent evidence, elderly patients have less predictable symptomatic 
and functional improvements after CTR than younger patients 
[37]. These results are in line with our finding that EDX recovery 
after CTR was related to age. 

Regarding the effect of preoperative severity on surgical out-
comes, the recovery of CMAP after CTR was contrary to our hy-
pothesis that patients with severe CTS would have worse out-
comes. This result is probably due to the difference in the preop-
erative CMAPamplitude values between the severe and non-severe 
groups based on Bland’s scale. In our criteria for preoperative se-
verity, the severe group (Bland’s scale 4-6) had relatively low 
CMAPamplitude values in the preoperative EDX studies, and there 
was substantial potential for recovery after CTR. In contrast, in 
the non-severe group (Bland’s scale 1-3), the preoperative 
CMAPamplitude values were nearly normal in most cases, suggest-
ing a limited possibility for recovery after CTR. Although our re-
sults may have been influenced by the relatively low granularity 
of Bland’s scale, obtainable CMAP responses after CTR were re-
ported in 25.0% (1 of 4 cases) of the “no response” cases in pre-
operative EDX studies. Reversible demyelination and nerve re-
generation may be possible, even in extremely severe cases. 

We expected that a longer duration of symptoms would be re-
lated to poorer EDX recovery. Debate continues regarding how 
symptom duration affects surgical outcomes. Some studies have 
suggested that a longer duration is associated with worse out-
comes (i.e., less improvement in symptoms after surgery) 
[5,7,8,34]. Long-term exposure to entrapment can cause severe 
nerve damage, including irreversible axonal damage, leading to a 

Table 6. Analysis of Clinical Factors Affecting the Recovery of Electrodiagnostic Parameters After Carpal Tunnel Release

Variable
ΔCMAPamplitude ΔSNAPamplitude ΔCMAPlatency ΔSNAPlatency

r p-value r p-value r p-value r p-value
Age -0.023 0.890 -0.369 0.021* 0.055 0.741 -0.128 0.437
Sex 0.016 0.922 0.045 0.784 0.053 0.750 0.026 0.873
Duration 0.048 0.773 -0.169 0.303 0.127 0.443 0.122 0.458
Preoperative severity 0.403 0.011† -0.218 0.183 0.334 0.038† 0.029 0.862
Period of follow-up EDX study -0.007 0.966 0.233 0.153 0.185 0.261 0.183 0.265

Δ indicates the difference in each parameter between the preoperative and postoperative values.
CMAP, compound motor action potential; SNAP, sensory nerve action potential; EDX, electrodiagnostic.
*p < 0.05, Spearman correlation analysis.
†p < 0.05, point-biserial correlation analysis.
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poor prognosis. However, Porter et al. [19] reported that the pre-
operative durations of symptoms did not affect postoperative 
outcomes. Our study likewise revealed that symptom duration 
was not significantly associated with improvements in CTS 
based on both Bland’s scale and the quantitative analysis of EDX 
parameters after CTR, which was contrary to our hypotheses. 
We expected that chronicity might result in irreversible axonal 
loss, which therefore might lead to poor recovery, even with 
CTR. However, the pathological process of entrapment neurop-
athy can involve both axonal loss and reversible demyelination 
and remyelination [37]. Surgical decompression can be effective 
even in some cases of chronic advanced compressive neuropathy 
by enhancing the reversibility of the demyelination and axonal 
regeneration [37–42]. Therefore, surgery can be beneficial, re-
gardless of the duration of symptoms. 

Our results suggest that various clinical factors should be con-
sidered when making surgical decisions. Our quantitative analy-
sis of the recovery of EDX parameters revealed that younger pa-
tients showed more recovery of ΔSNAPamplitude values. This find-
ing suggests that age can affect EDX recovery after CTR and 
serve as a factor helping to determine whether surgery is indicat-
ed. Several studies have suggested that different therapeutic ap-
proaches are needed for older and younger patients, as these ages 
undergo different clinical courses via different mechanisms 
[35,36]. Elderly patients with CTS may develop severe motor 
impairment within a short period, so they should be promptly 
referred for surgical decompression [35]. However, our study 
also suggested that improvement after CTR occurred regardless 
of factors such as preoperative severity and duration of symp-
toms, although the severe group was relatively older. Patients 
with severe CTS also showed some improvement after CTR. 
Clinicians should decide on surgery with consideration of not 
only age, but also several other clinical factors. 

Postoperative follow-up EDX studies were performed 6 to 36 
months after CTR in previous several studies [43,44]. Interest-
ingly, our study showed that 9 (37.5%) out of 24 cases that 
showed improvement received follow-up EDX studies 24 to 36 
months after CTR. This result suggests that sustained EDX re-
covery is possible even more than 1 year after CTR. Although 
this trend was statistically marginal (p =  0.051), the interval of 
recovery after CTR tended to be longer in cases of improvement. 
A previous study reported that advanced CTS patients with se-
vere axonal damage took considerably longer to recover after 
CTR, and several months of follow-up did not suffice to evaluate 
postoperative EDX recovery in these patients [42]. Our results 
also suggest that the EDX parameters might gradually recover af-
ter CTR over a long period of time, and serial follow-up studies 

for sufficient periods are recommended to determine the effects 
of CTR [42,44]. 

However, this study has some limitations. First, the sample size 
was relatively small. Second, this was a retrospective study. This 
study only analyzed the EDX recovery after CTR, and could not 
investigate the correlation between EDX recovery and clinical 
symptoms. Third, the period of the postoperative follow-up EDX 
studies was not standardized. Fourth, there may have been selec-
tion bias because not all patients underwent a follow-up EDX 
study after CTR. Fifth, the composition of the patients was quite 
heterogeneous, as the patients had many different reasons for re-
ceiving follow-up EDX studies after CTR. Further prospective 
studies are required to obtain more accurate outcome measures. 

Conclusion 

We confirmed the effectiveness of CTR through EDX studies 
regardless of preoperative EDX severity, the duration of symp-
toms, and sex. Our results suggest that the EDX parameters 
might gradually recover after CTR over a long period of time. 
Significant recovery of EDX parameters, including ΔCMAPampli-

tude, ΔCMAPlatency, ΔSNAPamplitude, and ΔSNAPlatency, was noted af-
ter CTR. No statistically significant associations were found be-
tween improvements in Bland’s scale and clinical factors, whereas 
the quantitative analysis of EDX parameters suggested that age 
and preoperative severity can affect the recovery of EDX param-
eters after CTR. 
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