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Abstract 

Background  There is a controversy on the effectiveness of post-operating splinting in patients with carpal tun‑
nel release (CTR) surgery. This study aimed to systematically evaluate various outcomes regarding the effectiveness 
of post-operating splinting in CTR surgery.

Methods  Multiple databases, including PubMed, EMBASE, CINAHL, Web of Science, and Cochrane, were searched 
for terms related to carpal tunnel syndrome. A total of eight studies involving 596 patients were included in this meta-
analysis. The quality of studies was evaluated, and their risk of bias was calculated using the methodological index 
for non‐randomized studies (MINORS) and Cochrane’s collaboration tool for assessing the risk of bias in randomized 
controlled trials. Data including the visual analogue scale (VAS), pinch strength, grip strength, two-point discrimina‑
tion, symptom severity score (SSS), and functional status scale (FSS) were extracted.

Results  Our analysis showed no significant differences between the splinted and non-splinted groups based 
on the VAS, SSS, FSS, grip strength, pinch strength, and two-point discrimination. The calculated values of the stand‑
ardized mean difference (SMD) or the weighted mean difference (WMD) and a 95% confidence interval (CI) for differ‑
ent variables were as follows: VAS [SMD = 0.004, 95% CI (-0.214, 0.222)], pinch strength [WMD = 1.061, 95% CI (-0.559, 
2.681)], grip strength [SMD = 0.178, 95% CI (-0.014, 0.369)], SSS [WMD = 0.026, 95% CI (- 0.191, 0.242)], FSS [SMD = 0.089, 
95% CI (-0.092, 0.269)], and the two-point discrimination [SMD = 0.557, 95% CI (-0.140, 1.253)].

Conclusions  Our findings revealed no statistically significant differences between the splinted and non-splinted 
groups in terms of the VAS, SSS, FSS, grip strength, pinch strength, and two-point discrimination. These results indicate 
that there is no substantial evidence supporting a significant advantage of post-operative splinting after CTR.
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Introduction
Carpal tunnel syndrome (CTS) is a common condition 
characterized by compression of the median nerve as 
it passes through the carpal tunnel in the wrist [1, 2]. 
Surgical intervention, known as carpal tunnel release 
(CTR), is often recommended for moderate to severe 
cases that do not respond to conservative treatments. 
Following CTR, there has been a long-standing debate 
regarding the benefits of postoperative splinting [3–5].

Postoperative splinting involves immobilizing the 
wrist and hand in a neutral position using a splint or 
brace after CTR. The rationale behind splinting is to 
provide support, reduce edema and pain, and promote 
healing of the surgical site. However, the use of splints 
after CTR has been a subject of controversy among 
healthcare professionals [6–8].

Proponents of postoperative splinting argue that it 
helps to maintain the alignment of the wrist and hand, 
minimizing stress on the healing tissues and prevent-
ing excessive motion that could impede recovery. They 
believe that splinting can aid in reducing postoperative 
pain, swelling, and scar formation, leading to improved 
functional outcomes and patient satisfaction [9, 10].

On the other hand, opponents of splinting argue that 
it may restrict hand function and delay the recovery pro-
cess. They suggest that early mobilization of the hand and 
fingers after CTR may promote better blood circulation, 
prevent joint stiffness, and facilitate a faster return to 
normal activities. Additionally, concerns have been raised 
about the potential for muscle atrophy and decreased grip 
strength associated with prolonged splint use [10–13].

Given the conflicting viewpoints regarding the benefits 
of postoperative splinting after CTR, a comprehensive 
evaluation of the available evidence is necessary to better 
inform clinical practice. In this meta-analysis, we aim to 
systematically review and synthesize the existing literature 
on the controversies surrounding postoperative splinting 
after CTR. By critically analyzing relevant studies, we seek 
to provide a quantitative synthesis and evidence-based 
assessment of the advantages and disadvantages of splint-
ing in terms of pain relief and functional outcomes.

The findings from this meta-analysis will help health-
care professionals make informed decisions regarding 
postoperative splinting after CTR, ultimately improv-
ing patient care and optimizing outcomes for individu-
als with carpal tunnel syndrome.

Methods
The present study was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement (Fig. 1) [14].

Inclusion and exclusion criteria
The inclusion criteria of the study were as follows: 1. Ran-
domized controlled trials (RCTs) and non-randomized 
controlled trials (non-RCTs), including prospective and 
retrospective studies. that investigate the use of postop-
erative splinting after CTR.

2. Studies that report outcome measures related to pain 
relief and functional outcomes after CTR.

3. Studies available in English.
Case reports, commentaries, editorials, and non-Eng-

lish studies were excluded.

Study identification
Two independent reviewers (SSh and AJ) performed a 
comprehensive web-based literature search using Pub-
Med, EMBASE, CINAHL, Web of Science and Cochrane. 
No date limitations were applied. The following search 
terms were used:

((("Carpal Tunnel Syndrome"[Mesh]) OR ("Carpal 
Tunnel Syndrome"[Title/Abstract]) AND (("Carpal Tun-
nel Release"[Mesh]) OR ("Carpal Tunnel Release"[Title/
Abstract]) OR ("Carpal Tunnel Surgery"[Mesh]) OR 
("Carpal Tunnel Surgery"[Title/Abstract]))) AND 
(("Splints"[Mesh]) OR ("Splints"[Title/Abstract]) OR 
("Braces"[Mesh]) OR ("Braces"[Title/Abstract]) OR 
("Immobilization"[Mesh]) OR ("Immobilization"[Title/
Abstract])) AND (("Postoperative Care"[Mesh]) OR 
("Postoperative Care"[Title/Abstract])). The literature 
search was conducted to include studies published from 
January 1990 to January 2023.

Both authors independently reviewed the titles, 
abstracts, and full-text studies according to pre-estab-
lished criteria. Discrepancies were resolved by con-
sensus and a third reviewer being consulted in case of 
disagreement. We used the weighted kappa scores to 
evaluate agreement between two researchers [15]. There 
was a perfect agreement between the two reviewers 
(κ = 0.87).

Risk of bias assessments and evaluations of validity
Two independent reviewers (AJ and SSh) evaluated 
the quality of studies and their risk of bias using the 
methodological index for non‐randomized studies 
(MINORS) and the Cochrane’s collaboration tool for 
assessing risk of bias in randomized controlled trials 
[16–18]. We determined the high risk of bias using a 
risk of bias score for non-randomized studies as ≤ 8 
(controlled group not present) or ≤ 12 (controlled 
group present). The risk of bias for randomized con-
trolled trials was classified as unclear bias, low risk of 
bias, or high risk of bias.
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Data extraction and outcome assessment
The following data were extracted from all eligible stud-
ies: first author, year of publication, number of patients, 
gender, age, study design, visual analogue scale (VAS), 
the pinch strength, the grip strength, two-point discrimi-
nation, symptom severity score (SSS), and functional sta-
tus scale (FSS).

Heterogeneity assessments
The I2 statistic and the P-value for heterogeneity was 
used to evaluate the heterogeneity between studies [19]. 
Substantial heterogeneity was considered as ≥ 50% [16].

Data analysis and statistical analysis
The STATA meta-analysis software was used to perform 
data synthesis. The standardized mean difference (SMD) 
with 95% confidence interval (CI) was used to present 
the result of data synthesis. We used the random effects 
model to calculate the results of studies with substantial 
heterogeneity. The fixed effects model was used to assess 
the results of studies with low heterogeneity.

Results
A total of eight studies involving 596 patients were 
included in this meta-analysis. According to our analysis, 
there were no significant differences between the splinted 
group and non-splinted group based on the VAS, SSS, 
FSS, The grip strength, the pinch strength, and two-point 
discrimination. Table  1 is summary of evaluated out-
comes in all analyzed articles. The VAS was reported in 
three studies, according to the homogeneity of the stud-
ies, I-squared = 5.4%. Their combination was done using 
the fixed effects model to obtain a Standardized mean 
difference (SMD) = 0.004 and a 95% confidence interval 
(-0.214, 0.222) (Fig. 2).

The pinch strength was reported in 3 studies and 
after accounting for the heterogeneity of the studies, 
I-squared = 70.6% was obtained. Their combination 
was done using the random effects model to obtain a 
Weighted mean difference (WMD) = 1.061 with a 95% 
confidence interval (- 0.559, 2.681) (Fig.  3). Meanwhile, 
the mean and standard deviation (SD) of pinch strength 
before and after CTR for the splinted and non-splinted 

Fig. 1  PRISMA flow-diagram showing summary of literature review
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groups (Kg) were as follows: splinted group (before CTR: 
6.4 ± 1.9, after CTR: 7.8 ± 2.0) and non-splinted group 
(before CTR: 6.6 ± 1.8, after CTR: 8.0 ± 2.1).

The grip strength was reported in four studies and due 
to the homogeneity of the studies, I-squared = 49.6% was 
obtained. Using a fixed effects model for their combina-
tion, SMD = 0.178 with a 95% confidence interval (-0.014, 
0.369) was obtained (Fig. 4).

The symptom severity scale (SSS) was reported in three 
studies with an I-squared = 73.9% due to the heterogene-
ity of the studies. Their combination was done using the 
random effects model. (WMD = 0.026) with a 95% confi-
dence interval (- 0.191, 0.242) (Fig. 5).

The functional status scale (FSS) was reported in 
3 studies and due to the homogeneity of the studies, 
I-squared = 0.0% was obtained. Their combination was 
done using the fixed effects model with SMD = 0.089 and 
a 95% confidence interval (-0.092, 0.269) (Fig. 6).

The two-point discrimination was reported in 
three studies. Due to the heterogeneity of the studies, 
I-squared = 78.1%, Their combination was done using the 
random effects model with WMD = 0.557 and a 95% con-
fidence interval (-0.140, 1.253) (Fig. 7).

No publication bias was identified.

Discussion
This meta-analysis supports findings from published 
data which have shown that when compared to the non-
splinted group, splinting does not lead to improved out-
comes after CTR. The visual analogue score, a measure of 
pain following CTR was evaluated following an analysis 
of the studies by Shalimar et al., Huemer et al. and Fin-
sen et  al. with a SMD of 0.004 95% C.I. (-0.214, 0.222) 
(P = 0.347), it appears that surgeons do not have suffi-
cient evidence to recommend splinting as a way of reduc-
ing post-operative pain [10]. Shalimar et  al. analyzed 
46 patients divided into the splinted and non-splinted 
groups with the eventual discovery that post-operative 
immobilization with a splint did not produce significant 
benefits with regard to the prevalence of pillar pain post-
operatively at one week, two months, and six months 
(P =  > 0.05) [3]. Instead, they found that bulky dressings 
and splints only contributed to the overall cost at the 
expense of the patient’s comfort following surgery [3]. 
Heumer et  al. discovered that even after all patients in 
both study splinted and non-splinted study cohorts had 

Fig. 2  Forest plot of standardized mean difference (SMD) of the four included studies investigating VAS between the splinted and the non-splinted 
groups
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received non-steroidal anti-inflammatory agents for pain 
control, there was no significant difference in request for 
the medication between each group, an indirect meas-
ure of their level of pain after the procedure on the 2nd 
postoperative day [10]. This observation also extended to 
reports of scar tenderness, an issue experienced by two 
out of fifty patients. Finsen et al. reported that complaints 
of pain, tenderness, and dysesthesia in the scar were 
present in both patient cohorts in an evenly-distributed 
manner and continued to persist at 6  weeks as well as 
after 6  months [13]. They concluded that immobiliza-
tion plays little or no role in reducing the frequency of 
scar pain. These observations are reconfirmed by findings 
which have been published herein.

Furthermore, the pinch strength and grip strength are 
important parameters that must be considered follow-
ing CTR surgery as it is a common indicator of normal 
return to function of regions supplied by the dermatome 
of the median nerve and its branches. Measuring the grip 
and pinch strength can be a reliable way of assessing the 
intrinsic and extrinsic muscles especially if there is a way 
to measure the force and torque produced by each mus-
cle. For this reason, dynamometers are usually employed 

and have been found to have significant reliability and 
validity [20]. Three studies by Shalimar et al., Cook et al., 
and Finsen et  al. were combined for an analysis of the 
pinch strength [3, 5, 13]. The substantial heterogeneity 
of the studies (I-squared = 70.6%) prompted combination 
using a random effects model to obtain WMD = 1.061, 
95% confidence interval (0.559, 2.681). While Shalimar 
et  al. reported a significant increase in pinch strength 
(p = 0.042) in the splinted group at one week, two months 
and six weeks post-operatively, Finsen et al. found no sig-
nificant difference between the two groups after evalua-
tion at six weeks and six months postoperatively [3, 13]. 
However, the findings of Cook et  al. seemed to contra-
dict those of Shalimar et al.; they reported that after two 
weeks, the non-splinted group recovered more rapidly 
during the assessment of pinch strength (P = 0.01) and 
continued to be observed after 1 month (P = 0.01) but did 
not differ by the third month.

A similar trend was also noted for the grip strength in 
the three studies reported above, however a total of four 
studies was evaluated for this parameter. Thus, Heumer 
et al. additionally confirmed that no significant difference 
could be found between the splinted and non-splinted 

Fig. 3  Forest plot of weighted mean difference (WMD) of the three included studies investigating pinch strength between the splinted 
and the non-splinted groups
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groups in the assessment of grip strength [10]. It should 
be noted that less heterogeneity was noted for the grip 
strength (I-squared = 49.6%) prompting a combination 
using a fixed effects model (SMD = 1.78, 95% C.I. (-0.014, 
0.369).

The SSS and FSS were reported in three studies and 
followed a trend identical to the pinch and grip strength 
regarding the heterogeneity and homogeneity respec-
tively. The forest plots further demonstrate with the 
results reported that there was no significant difference 
in improvement regarding these two measures in both 
splinted and non-splinted cohorts. This is an unsurpris-
ing finding following similar reports in previous studies. 
The Boston questionnaire, a disease-specific question-
naire with two parts was utilized by all three studies [3, 6, 
8, 9]. Logli et al. assessed the SSS and FSS up to one year 
postoperatively and continued to find no significant dif-
ference in outcome [9]. While there is currently no plau-
sible explanation for the heterogeneity, we recommend 
that surgeons should be wary of recommending splint-
ing to patients in a bid to decrease the severity of their 
symptoms or in an attempt to improve their functional 
status. It should also be noted that not all of the studies 

accounted for confounders such as commencement of 
physical therapy. Cook et  al. had previously postulated 
that early initiation of physical therapy regimens such 
as exercise postoperatively yields better results in non-
splinted patients [5]. Indeed Cebesoy et al. found a signif-
icant difference in the third month for the SSS but not for 
the FSS which was attributed to application of immedi-
ate rehabilitation in the non-splinted group but that con-
trarily, patients in 80% of patients in the splinted group 
experienced more discomfort attributed to the splint [8].

Studies by Martins et  al., Huemer et  al. and Shalimar 
et al. were analyzed for a determination of two-point dis-
crimination [3, 7, 10]. The wide heterogeneity, confirmed 
by an I-squared of 78.1%, SMD = 0.557, 95% C.I. (-0.140, 
1.253) could be explained by the suspected variability in 
measurements among study groups. Only Martins et al. 
reported the exact method used for evaluating the two-
point discrimination while the other two studies failed to 
do this. Martins et al. reported that static two-point dis-
crimination was measured using a two-point discrimina-
tor (North Coast Medical Inc., California, USA) applied 
to palmar surface of the second finger distal phalange 
[7]. Generally, an increase in two-point discrimination 

Fig. 4  Forest plot of standardized mean difference (SMD) of the four included studies investigating grip strength between the splinted 
and the non-splinted groups
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Fig. 5  Forest plot of weighted mean difference (WMD) of the three included studies investigating SSS between the splinted and the non-splinted 
groups

Fig. 6  Forest plot of standardized mean difference (SMD) of the three included studies investigating FSS between the splinted 
and the non-splinted groups
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was observed between the splinted and non-splinted 
groups but there was no statistically significant dif-
ference between the two groups. This finding implies 
that surgeons do not need to recommend splinting for 
patients with the belief that it could help with outcomes 
such as two-point discrimination since no significant 
difference has been observed. Additionally, the cost of 
splinting in addition to the discomfort precludes such a 
recommendation.

Limitations
This meta-analysis is limited by several factors. Acknowl-
edging heterogeneity and studies with a high risk of bias 
as limitations in the synthesis is crucial for providing a 
comprehensive and transparent assessment of the valid-
ity and generalizability of the findings. The presence of 
moderate heterogeneity among the included studies can 
introduce variability in the results and limit the over-
all strength of the conclusions. Heterogeneity may stem 
from differences in study design, patient populations, 
surgical techniques, outcome measures, or other factors. 
Acknowledging this limitation highlights the need for 
caution when interpreting the pooled results and empha-
sizes the importance of considering the context and char-
acteristics of individual studies.

Another limitation to consider is the inclusion of stud-
ies with a high risk of bias. The risk of bias assessment 
evaluates the methodological quality and potential biases 
in individual studies, including issues such as selection 

bias, performance bias, detection bias, attrition bias, and 
reporting bias. Studies with a high risk of bias may intro-
duce systematic errors that can affect the reliability and 
validity of the synthesized results.

Treatment effect heterogeneity poses a significant 
risk for error. While the included studies shared a com-
mon focus on postoperative splinting after CTR, there 
may be variations in study populations, surgical factors, 
and rehabilitation protocols that could contribute to the 
observed heterogeneity.

One possible reason for heterogeneity could be dif-
ferences in the characteristics of the study populations. 
Factors such as age, gender distribution, severity of car-
pal tunnel syndrome, and comorbidities among the par-
ticipants may vary across studies. These differences in 
patient profiles could introduce variability in outcomes 
related to postoperative splinting.

Surgical factors, including variations in the surgical 
technique, surgeon experience, and use of different types 
of splints or braces, may also contribute to heterogene-
ity. These factors can influence the biomechanical forces 
applied to the wrist and hand during the postoperative 
period, potentially impacting the effectiveness of splint-
ing in promoting recovery.

Furthermore, variations in rehabilitation protocols, 
including the duration and intensity of splint use, as well 
as the timing and type of hand therapy interventions, 
may contribute to heterogeneity. Differences in the dura-
tion of follow-up assessments across studies could also 
affect outcome measurements.

Fig. 7  Forest plot of weighted mean difference (WMD) of the three included studies investigating two-points discrimination between the splinted 
and the non-splinted groups
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To better understand the sources of heterogeneity, 
future research or subgroup analyses within the meta-
analysis could be conducted to explore the impact of 
these factors. By examining the influence of patient char-
acteristics, surgical factors, and rehabilitation protocols, 
a more comprehensive understanding of the variations in 
study outcomes can be achieved, helping to inform clini-
cal practice and guide recommendations regarding post-
operative splinting after CTR.

On the other hand, while the I-squared statistic has 
been advertised as a reliable measure to quantify the 
effect of heterogeneity, it remains a challenge to describe 
the exact effect of a treatment effect heterogeneity when 
a mixed model of analysis is indicated.21 Using a priori 
definitions, we identified cut-off points used for assess-
ment of heterogeneity and utilized either a fixed effects 
or random effects model based on the value of I-squared. 
Furthermore, only eight studies were used in the meta-
analysis. While statistical analyses methodology takes 
into account various challenges that are commonly 
encountered while working with such a small number 
of studies, a greater number of studies would have been 
more beneficial for our purpose.

Expanding on the clinical implications and recommen-
dations based on our findings, it is important to consider 
a more selective approach to postoperative splinting 
after carpal tunnel release. Our study suggests that there 
may not be a significant advantage to routine prolonged 
splinting for all patients. Therefore, it is prudent to rec-
ommend selective or short-term splint use where indi-
cated, taking into account individual patient factors such 
as the severity of symptoms, postoperative discomfort, 
and functional status. This personalized approach aligns 
with the evolving trend toward tailored interventions in 
rehabilitation and orthopedic care, emphasizing the need 
to optimize patient outcomes through individualized 
treatment plans.

Conclusions
Our findings revealed no statistically significant differ-
ences between the splinted and non-splinted groups in 
terms of the VAS, SSS, FSS, grip strength, pinch strength, 
and two-point discrimination. These results indicate that 
there is no substantial evidence supporting a significant 
advantage of post-operative splinting after CTR.
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