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Pain and numbness one month after carpal tunnel release predict patient-
reported outcome measures at sixth months
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ABSTRACT
A number of outcome predictors for carpal tunnel release (CTR) for carpal tunnel syndrome (CTS) have
been reported. However, some predictors are controversial, and few studies have referred to the early
postoperative outcome prognostic factors after CTR. The aim of this study was to investigate whether
pain and numbness at 1 month post-CTR were early postoperative predictors of clinical outcomes
6 months after surgery. Pain and numbness were evaluated using the visual analog scale (VAS) preopera-
tively and at 1 month post-surgery. Patient-reported outcome measures (PROMs), including the Quick
Disabilities of the Arm, Shoulder and Hand (QDASH) measure, the Hand20 questionnaire and the Boston
Carpal Tunnel Questionnaire (BCTQ), were recorded for each patient 6 months after surgery. The BCTQ
consisted of the Symptom Severity Scale (SSS) and Functional Status Scale (FSS). Multivariable linear
regression analysis was performed to investigate the association between the VAS scores and PROMs. We
retrospectively identified 93 patients who underwent open carpal tunnel release (OCTR) or endoscopic
carpal tunnel release. The mean age of the patients was 67.5 years, and 67 patients (72.0%) were female.
Sixty patients were treated by OCTR (65.0%). With multivariable linear regression analysis, we found that
pain and numbness, evaluated with VAS 1 month post-surgery had significant correlations with QDASH,
Hand20, SSS and FSS 6 months after surgery. In conclusion, pain and numbness 1 month after CTR pre-
dict PROMs at 6 months.
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Introduction

Carpal tunnel syndrome (CTS) is a common compression neur-
opathy and accounts for approximately 90% of all entrapment
neuropathies [1]. The most common symptoms of CTS are pain
and numbness along the median nerve distribution in the hands.
Open carpal tunnel release (OCTR) and endoscopic carpal tunnel
release (ECTR) are the main surgical treatments for CTS. A number
of preoperative factors and types of surgery have been reported
as predictors of postoperative outcomes of carpal tunnel release
(CTR) for CTS [2–9]. However, some prognostic factors are contro-
versial. For example, some studies have suggested that outcomes
after CTR in elderly patients were unfavorable [7,9], while satisfac-
tory subjective results after CTR have been reported in patients
over 70 years of age with advanced stages of CTS in another
study [10]. In addition, Tang et al. reviewed long-term outcomes
in patients with bilateral CTS who underwent CTR (OCTR or ECTR),
and the outcome in men was poorer than that in women [8]. In
contrast to that study, sex was not a significant predictor of sever-
ity of postoperative pain in another study that followed patients
after OCTR [11]. Additionally, the predictive value of electrophysio-
logical assessments also remains controversial [6].

Recently, in the field of joint arthroplasty, the early postopera-
tive predictors for satisfaction after total knee arthroplasty have
been identified along with several preoperative factors [12]. In
contrast, in the field of hand surgery, few studies have

investigated the early postoperative prognostic factors of out-
comes after CTR. Early postoperative predictors after CTR would
enable surgeons to predict which patients could have poor out-
comes and arrange careful follow-up from the early postoperative
period. In addition, early postoperative pain and numbness have
received little attention as prognostic factors after CTR, although
they are the main symptoms of CTS.

Therefore, we hypothesized that symptoms in the early post-
operative period would correlate with patient-reported outcome
measures (PROMs) after surgery. This study aimed to investigate
whether pain and numbness 1 month post-CTR for CTS predict
clinical outcomes 6 months post-surgery.

Materials and methods

The study protocol was approved by our institution’s ethical
review board (number 3855). All patients consented to the use of
their clinical information and the medical records.

Subjects

In this retrospective study, patients who underwent OCTR or ECTR
for CTS between January 2016 and November 2019 were
included. Patients with follow-up of <6 months were excluded.
Electrophysiological assessments, including distal motor latency of
the abductor pollicis brevis (APB), compound muscle action
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potential (CMAP) (APB-DML) and distal motor latency of the
second lumbrical (2L) CMAP (2L-DML) were performed preopera-
tively. Pain and numbness were evaluated using the visual analog
scale (VAS) preoperatively and at 1 month after surgery. PROMs
were recorded at 6 months post-surgery.

Measures

Pain and numbness were evaluated using the VAS (range, 0 (no
pain or no numbness) to 100 (most severe)). Arm-specific disabil-
ity was assessed using the Quick Disabilities of the Arm, Shoulder
and Hand (QDASH) measure [13] and Hand20 questionnaire [14].
QDASH is an 11-item measure with scores ranging from 0 to 100.
Hand20, ranging from 0 to 100, consists of 20 questions, and
explanatory illustrations are added to 19 of the 20 questions.
Higher scores in QDASH and Hand20 indicate a more severe dis-
ability. Symptom severity and daily functions were evaluated
using the Boston Carpal Tunnel Questionnaire (BCTQ) [15]. The
BCTQ consisted of the Symptom Severity Scale (SSS) and the
Functional Status Scale (FSS). The SSS and FSS included 8 and 11
items, respectively. Each question was answered on a five-point
scale (1 (no complaint) to 5 (severe complaint)). The results are
expressed as the mean values for each scale.

Statistical analysis

We investigated whether pain and numbness 1-month post-CTR
correlated with clinical outcomes 6 months after surgery. We also
investigated whether preoperative pain and numbness correlated
with clinical outcomes 6 months after CTR. Multivariable linear
regression analysis was used to assess the associations between
symptoms, including pain and numbness (evaluated using VAS)
and PROMs, including QDASH, Hand20 and BCTQ 6 months after
CTR. The objective variables were QDASH, Hand20, SSS and FSS
6 months after CTR. Their association with the VAS pain score
1 month after CTR was analyzed after the data were adjusted for
the preoperative VAS pain score, age, sex, preoperative electro-
physiological assessment results (APB-DML and 2L-DML) and type
of surgery (OCTR or ECTR). Their association with the VAS numb-
ness score 1 month after CTR was also analyzed after the data
were adjusted for preoperative VAS numbness scores, age, sex,
preoperative electrophysiological assessment results and type of
surgery. In addition, after the data were adjusted for age, sex, pre-
operative electrophysiological assessment results, and type of sur-
gery, we analyzed the associations between preoperative VAS
pain and numbness scores and PROMs 6 months after CTR. A p
value of <.05 was considered statistically significant.

In multiple linear regression analysis, the number of patients
required is at least 15 times the number of explanatory variables
[16]. In this study, we selected a maximum of six explanatory vari-
ables, which required a minimum of 90 cases.

Results

A total of 93 patients were included in this study. The mean age
of the patients was 67.5 (range, 30–86 years), and 67 patients
(72.0%) were female. The majority of patients were treated by
OCTR (60 patients, 65.0%) (Table 1). Seven patients had a trigger
finger and six of them underwent open A1 pulley release along
with CTR. The average preoperative VAS pain and numbness
scores were 45.8 and 64.7, respectively. The average VAS pain and
numbness scores 1 month after surgery were 21.3 and 30.5,

respectively. The mean QDASH, Hand20, SSS and FSS scores
6 months post-surgery, were 17.1, 17.2, 1.6 and 1.6, respectively.

Pain and numbness evaluated using the VAS 1 month after
surgery were significantly correlated with QDASH, Hand20, SSS
and FSS scores 6 months after surgery (Figures 1 and 2).
However, correlations between preoperative pain and numbness,
evaluated by the VAS, and PROMs, including QDASH, Hand20, SSS
and FSS 6 months after surgery, were not significant. The validity
of the model was examined by residual histograms (Appendices 1
and 2) and residuals versus fitted plots (Appendices 3 and 4). The
variance inflation factors were less than 5 for all, which indicated
that there was no significant collinearity between the varia-
bles [17].

Discussion

Pain and numbness 1 month after CTR correlated with PROMs
6 months after CTR, but preoperative pain and numbness did not.
Considering these results, regardless of the degree of preopera-
tive pain and numbness, better clinical outcomes could be
expected in patients with less pain and numbness in the early
postoperative period. Therefore, it would be important for sur-
geons to assess pain and numbness carefully after CTR, and sur-
geons could inform their patients of expected outcomes at
6 months post-CTR by evaluating their symptoms in the early
postoperative period. We identified the early postoperative pre-
dictors of the clinical outcomes after CTR by multivariable linear
regression analysis, while most previous studies investigated pre-
operative prognostic factors including sex, age and preoperative
electrophysiological assessment results.

Several factors such as age, sex, electrophysiological assess-
ment results and type of surgery have been reported as factors
that influence outcomes after CTR. However, some factors remain
controversial. For example, increasing age has been reported to
lead to poorer results in some studies but not others. Porter et al.
prospectively studied 87 patients who underwent OCTR and
found that improvement in symptoms and function decreased
with increasing age, especially in patients over the age of 60 years
[9], while Townshend et al. reported high levels of satisfaction
after OCTR in 70 elderly patients over 70 years of age [6]. The
same might be true for sex, electrophysiological assessment
results and type of surgery. Tang et al. reviewed long-term out-
comes in 40 patients with bilateral CTS who underwent CTR [8].
The outcomes of the study were numbness resolution, BCTQ
score and patient satisfaction. The mean follow-up was 9.3 years,
and men had poorer outcomes than women. However, in another
study that followed 447 patients with CTS who underwent OCTR
[11], sex was not a significant predictor of severity of postopera-
tive pain. In addition, Kamiya et al. investigated the prognostic
factors of patients who lacked a preoperative CMAP of the APB
[4]. They retrospectively reviewed 22 CTS patients who underwent
CTR and used postoperative APB amplitude at 12 months as the

Table 1. Demographic characteristics of the study population.

Characteristic Total (n¼ 93)

Age (years), mean ± SD 67.5 ± 12.4
Sex, n (%)

Female 67 (72.0%)
Male 26 (28.0%)

Operation, n (%)
Open carpal tunnel release 60 (65.0%)
Endoscopic carpal tunnel release 33 (35.0%)

APB-DML (ms), mean ± SD 7.3 ± 2.8
2L-DML (ms), mean ± SD 6.4 ± 2.7
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outcome. They found significant correlations with preoperative
2L-DML and postoperative APB amplitude and reported that
patients with preoperative 2L-DML of 8ms or less had good elec-
trophysiological recovery at 12 months and that absent preopera-
tive 2L CMAP predicted a poor electrophysiological recovery.
However, in the study that followed 62 patients who had under-
gone CTR, a relationship between the preoperative nerve conduc-
tion impairment and surgical outcome was not found [18]. Finally,
whether OCTR or ECTR is performed has been reported to affect
the outcome after CTR. Sayegh and Strauch performed a meta-
analysis of randomized controlled trials to review the efficacy and
safety of OCTR versus ECTR [2]. They reported that patients who
underwent ECTR could return to work earlier than patients treated
with OCTR. However, in another meta-analysis study of random-
ized controlled trials, there was no conclusive evidence favoring
ECTR over OCTR with regard to symptom relief and return to
work [19]. As some prognostic factors have been controversial

and few early postoperative predictors have been reported, we
tried to identify the early postoperative factors that could predict
the clinical outcomes after CTR and focused on the main symp-
toms of CTS. In the present study, we evaluated pain and numb-
ness using the VAS scale, which is noninvasive and easy to
administer. Therefore, surgeons could easily predict outcomes
after CTR by assessing pain and numbness in their early post-
operative follow-up, thereby allowing them to arrange closer fol-
low-up and earlier therapeutic intervention for patients expected
to have poor outcomes.

In this study, we used multivariable linear regression analysis
to adjust for confounders. In most of the previous studies, the
multivariable analysis included the significant factors identified by
univariate analysis. However, the general statistical guidance of
Annals of Internal Medicine (https://www.acpjournals.org/journal/
aim/authors/statistical-guidance) recommends selecting factors for
inclusion in a multivariable model only if factors which are

Figure 1. (A) Association between pain evaluated using VAS and QDASH. QDASH increased with pain when adjusted for preoperative VAS of pain, age, sex, preopera-
tive electrophysiological assessments and operation (p<.05). The gray zone indicates 95% CIs (confidence intervals). (B) Association between pain evaluated using VAS
and Hand20. Hand20 increased with pain when adjusted for preoperative VAS of pain, age, sex, preoperative electrophysiological assessments and operation (p<.05).
The gray zone indicates 95% CIs. (C) Association between pain evaluated with VAS and SSS. SSS increased with pain when adjusted for preoperative VAS of pain, age,
sex, preoperative electrophysiological assessments and operation (p<.05). The gray zone indicates 95% CIs. (D) Association between pain evaluated with VAS and FSS.
FSS increased with pain when adjusted for preoperative VAS of pain, age, sex, preoperative electrophysiological assessments and operation (p<.05). The gray zone
indicates 95% CIs.
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‘statistically significant’ in the ‘bivariate screening’ are not optimal.
Using only variables that are significant in the univariate analysis
means that all variables screened with statistical significance in
univariate analyses are automatically entered without manual
selection and without considerations for the relevance of those
variables [20]. Adjustments for confounders are necessary for
observational studies like the present one to account for differen-
ces in the background factors in the cohort [21]. We selected the
confounders from previous studies [2,7–9,22,23] and adjusted
the data for them and the preoperative symptoms, to adjust for
the differences in the background factors and the severity of pre-
operative symptoms.

We did not investigate whether age, sex, electrophysiological
assessment results and type of surgery were prognostic factors
for the clinical outcomes after CTR. By adjusting the data for
these, we performed multivariable linear regression analysis to

clarify the relationship between the early postoperative symptoms
and clinical outcomes 6 months post-CTR. In addition, we ana-
lyzed two different types of surgeries (OCTR and ECTR) together.
However, the underlying principle of releasing the transverse car-
pal ligament is the same in both types of surgeries, and Tang
et al. also analyzed CTR, including both OCTR and ECTR, to evalu-
ate their outcomes [8]. Additionally, we used multivariable linear
regression analysis to account for the difference between OCTR
and ECTR.

We used QDASH and Hand20 for patients having a wide range
of generations as domain-specific measures and used BCTQ as a
disease-specific outcome in the present study. In a recent system-
atic review, 834 studies were reviewed to appraise the use of
hand-relevant PROMs [24]. Three basic types of health-related
quality of life instruments are available, namely, generic, domain-
specific and disease-specific [25]. The QDASH and Hand20 were

Figure 2. (A) Association between numbness evaluated using VAS and QDASH. QDASH increased with numbness when adjusted for preoperative VAS of numbness,
age, sex, preoperative electrophysiological assessments and operation (p<.05). The gray zone indicates 95% CIs. (B) Association between numbness evaluated with
VAS and Hand20. Hand20 increased with numbness when adjusted for preoperative VAS of numbness, age, sex, preoperative electrophysiological assessments and
operation (p<.05). The gray zone indicates 95% CIs. (C) Association between numbness evaluated using VAS and SSS. SSS increased with numbness when adjusted
for preoperative VAS of numbness, age, sex, preoperative electrophysiological assessments and operation (p<.05). The gray zone indicates 95% CIs. (D) Association
between numbness evaluated with VAS and FSS. FSS increased with numbness when adjusted for preoperative VAS of numbness, age, sex, preoperative electrophysio-
logical assessments and operation (p<.05). The gray zone indicates 95% CIs.
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categorized as domain-specific measures, and BCTQ was catego-
rized as a disease-specific measure. From the review [24], the
authors reported that BCTQ was the most commonly used PROM
and that the most common domain-specific outcome measures in
CTS were DASH and QDASH [24]. DASH and QDASH were recom-
mended for patients between 18 and 65 years of age [26],
although they are widely used in other age groups as well.
Therefore, Hand20 was developed to expand the age range [14].

There were several limitations to this study. These included the
retrospective design, small sample size and relatively short-term
follow-up. Another limitation was that we used QDASH, Hand20
and BCTQ as outcomes. If we had used other PROMs, such as the
Michigan Hand Outcomes Questionnaire and Short Form 36, we
might have obtained different results. However, we believe that
our data are valid because the PROMs used in the present study
are widely used in CTS.

In conclusion, symptoms including numbness and pain in the
early postoperative period correlated with PROMs post-surgery.
We found that pain and numbness 1 month after CTR predicted
PROMs at 6 months.
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