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Abstract
Background  Carpal tunnel syndrome (CTS) is a common neuropathy caused by median nerve compression, leading 
to pain, numbness, and functional impairment. While surgical decompression remains the definitive treatment for 
severe cases, non-surgical approaches are often utilized for symptom management. Lymphatic drainage techniques, 
including manual lymphatic drainage (MLD) and Kinesio taping, have been proposed as potential therapies for CTS by 
reducing edema and nerve compression. However, their efficacy remains uncertain. This study aimed to evaluate the 
effects of lymphatic drainage techniques on symptom severity, functional outcomes, nerve conduction parameters, 
and pain relief in patients with CTS.

Methods  This meta-analysis was conducted following PRISMA guidelines. A comprehensive search of PubMed, 
Scopus, and Web of Science databases was performed up to February 2025. Studies assessing the effects of lymphatic 
drainage techniques (MLD, Kinesio taping, or compression therapy) on CTS-related outcomes were included. Two 
meta-analytical approaches were used: (1) between-group differences comparing intervention and control groups 
and (2) within-group changes pre- and post-intervention. Primary outcomes included the Boston Symptom Severity 
Scale (BSSS), Boston Functional Status Scale (BFSS), Visual Analog Scale (VAS), median nerve cross-sectional area (CSA), 
hand grip strength, and nerve conduction studies.

Results  Twelve studies met the inclusion criteria, with a total of 479 participants. The between-group meta-analysis 
revealed significant pain reduction (VAS: SMD = -0.31, 95% CI: -0.51 to -0.12, p < 0.05) and improvements in CSA 
(SMD = 0.39, 95% CI: 0.10 to 0.68, p < 0.05). Median nerve motor and sensory velocities also improved significantly 
(p < 0.05). However, BSSS and BFSS did not show significant differences between groups. The within-group analysis 
demonstrated significant improvements in symptom severity (BSSS: MD = -10.80, 95% CI: -14.73 to -6.78, p < 0.05) 
and functional status (BFSS: MD = -6.44, 95% CI: -8.78 to -4.09, p < 0.05). The subgroup analysis showed that treatment 
benefits were sustained over time, with no significant differences between short-term and long-term follow-ups.

Conclusions  Lymphatic drainage techniques offer a promising non-invasive approach for CTS, decreasing pain, 
reducing edema, and enhancing nerve conduction. While intra-group improvements were notable, limited between-
group differences were observed.
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Introduction
Carpal tunnel syndrome (CTS) is one of the most com-
mon entrapment neuropathies, characterized by com-
pression of the median nerve within the carpal tunnel. 
It presents with symptoms such as pain, numbness, 
and weakness in the hand, significantly impairing daily 
activities and reducing quality of life [1]. While surgi-
cal decompression remains the definitive treatment for 
severe or refractory cases, a variety of non-surgical inter-
ventions are commonly employed to alleviate symptoms, 
particularly in mild to moderate stages of the condition 
[2].

Among non-surgical approaches, lymphatic drain-
age techniques have emerged as potential therapies for 
CTS. Given the role of localized edema, inflammation, 
and increased interstitial pressure in the pathophysiol-
ogy of CTS, improving lymphatic flow may reduce tis-
sue swelling, alleviate nerve compression, and enhance 
symptom relief [3]. Manual lymphatic drainage (MLD), a 
massage-based therapy designed to stimulate lymphatic 
circulation, is the most widely recognized method. MLD 
involves gentle, rhythmic massage techniques intended 
to stimulate lymphatic flow and reduce localized edema. 
In CTS, MLD is typically applied to the affected limb 
and surrounding areas to decrease perineural swelling. 
However, other approaches, such as Kinesio taping and 
compression therapies, have also been explored for their 
lymphatic-draining effects and potential to mitigate CTS 
symptoms [4, 5]. Kinesio taping, a method involving the 
application of elastic therapeutic tape, aims to lift the 
skin microscopically, facilitating lymphatic drainage and 
improving circulation [6].

Despite growing interest in lymphatic drainage as a 
therapeutic modality for CTS, the evidence base remains 
limited and fragmented. Studies vary widely in method-
ology, patient populations, intervention protocols, and 
reported outcomes, contributing to a lack of consensus 
on its efficacy. While some studies suggest significant 
improvements in symptom relief and functional out-
comes, others report only modest or inconsistent ben-
efits. The objective of this meta-analysis is to evaluate the 
effects of lymphatic drainage techniques on the manage-
ment of CTS.

Methods
This systematic review and meta-analysis were con-
ducted in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines (Supplementary File S1) [7]. A protocol for 
a systematic review was registered in the International 

Prospective Register of Systematic Reviews (PROSPERO) 
with the registration code “CRD420250652458”.”

Search strategy
A comprehensive search was performed across multiple 
electronic databases, including PubMed, Scopus and 
Web of Science, up to February 2025. A combination of 
key words was searched (Supplementary File S2). The 
search strategy combined keywords and Medical Subject 
Headings (MeSH) terms related to “lymphatic drainage” 
and “carpal tunnel syndrome.” Search terms included 
combinations of the following: “lymphatic drainage,” 
“manual lymphatic drainage,” “Kinesio taping,” “compres-
sion therapy,” “median nerve compression,” and “carpal 
tunnel syndrome.” Reference lists of included studies and 
relevant systematic reviews were manually screened to 
identify additional eligible articles.

Eligibility criteria
Studies were included in this review if they met the fol-
lowing criteria:

1.	 Population: Adults (18 years and older) diagnosed 
with CTS using clinical or electrodiagnostic criteria.

2.	 Intervention: Lymphatic drainage techniques, 
including MLD, Kinesio taping, compression therapy, 
or other lymphatic-focused interventions.

3.	 Comparison: Studies with or without a comparator 
group (e.g., placebo, standard care, or other 
therapeutic modalities).

4.	 Outcomes: Studies reporting at least one of the 
following: Symptom improvement (such as pain 
assessed using the Visual Analog Scale [VAS] or 
other scales, numbness, or paresthesia), Functional 
outcomes (such as muscle latency indices, grip 
strength, hand dexterity), Quality of life, Adverse 
events.

5.	 Study Design: Randomized controlled trials (RCTs), 
cohort studies, case-control studies, and quasi-
experimental studies.

Studies were excluded if they: Focused on unrelated 
conditions or interventions, Did not include original 
data (including narrative reviews, editorials, or confer-
ence abstracts), Were published in languages other than 
English.

Data extraction
Two independent reviewers screened titles, abstracts, 
and full-text articles for eligibility. Discrepancies were 
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resolved through discussion or consultation with a third 
reviewer. Extracted data included: Study characteristics 
(authors, year, country, sample size, and study design), 
Participant mean age, Intervention details (type of lym-
phatic drainage technique, frequency, duration, and pro-
tocol), Outcome measures (symptom severity, functional 
outcomes, quality of life, and adverse events).

Data synthesis and Meta-Analysis
A qualitative synthesis was conducted to summarize the 
characteristics and findings of the included studies. For 
specific outcomes (including Boston symptom sever-
ity scale (BSSS), Boston functional status scale (BFSS), 
Median cross-sectional area (CSA), hand grip, median 
nerve conduction (MNC), and VAS), a meta-analysis was 
performed. We extracted the mean and standard devia-
tion (SD) of outcomes and then calculated the mean dif-
ference (MD), and standard mean difference (SMD) for 
the mean difference. In some studies, instead of mean 
and SD for outcomes, the median, minimum, and maxi-
mum were reported that these measures convert to 
equivalent mean and SD using the Wan et al. method [8].

Two distinct approaches were used for the 
meta-analysis:

1.	 Difference Between Groups: In the first approach, 
we calculated the difference in outcomes before and 
after the intervention separately for the intervention 
and control groups. These pre-post differences were 
then compared between the two groups, and the 
pooled results were analyzed using meta-analysis.

2.	 Within-Group Changes: In the second approach, 
we focused on the intervention group alone. The 
mean outcomes before and after the intervention 
within the intervention group were analyzed, and the 
pooled results were summarized using meta-analysis.

Outcome data were pooled using both random-effects 
and fixed-effects models to account for heterogene-
ity across studies. Heterogeneity was assessed using the 
I² statistic, with thresholds for low (I² < 25%), moder-
ate (I² = 25–50%), and high (I² > 50%) heterogeneity. If 
heterogeneity was high (I² > 50%) and is statistically sig-
nificant (p < 0.1), the random-effects model was consid-
ered appropriate. Conversely, if heterogeneity was low 
or moderate (I² ≤ 50%) and not statistically significant 
(p ≥ 0.1), the common-effects model was applied.

Subgroup analyses were conducted based on both 
study follow-up (short-term vs. long-term) and treatment 
technique (MLD, Kinesio taping, or CDT). Follow-up 
durations of less than 6 weeks were categorized as short-
term, while durations of 6 weeks or more were consid-
ered long-term.

Risk of Bias assessment
Risk of bias was assessed for all included studies using 
tools appropriate to their study design. For randomized 
controlled trials (RCTs), we used the Cochrane Risk of 
Bias 2 (RoB 2) tool. This tool evaluates five domains: (1) 
bias arising from the randomization process, (2) bias due 
to deviations from intended interventions, (3) bias due 
to missing outcome data, (4) bias in measurement of the 
outcome, and (5) bias in selection of the reported result. 
Each domain was judged as having a low risk of bias, 
some concerns, or high risk of bias. The overall risk of 
bias for each study was determined accordingly [9]. For 
non-randomized studies, we applied the ROBINS-I (Risk 
Of Bias In Non-randomized Studies of Interventions) 
tool. This instrument evaluates seven domains: (1) bias 
due to confounding, (2) bias in selection of participants, 
(3) bias in classification of interventions, (4) bias due to 
deviations from intended interventions, (5) bias due to 
missing data, (6) bias in measurement of outcomes, and 
(7) bias in selection of the reported result. Judgments 
for each domain were rated as low, moderate, serious, 
or critical risk of bias. An overall judgment was then 
made for each study [10]. Two independent reviewers 
evaluated each study, and disagreements were resolved 
through discussion or consultation with a third reviewer.

Results
Our research initially identified 130 articles. After elimi-
nating 63 duplicate records, 67 unique studies remained. 
Following a review of titles and abstracts, we excluded 31 
publications, resulting in a final selection of 36 articles 
that met our initial requirements. After a comprehen-
sive evaluation, 24 studies were disqualified for reasons 
such as insufficient data (n = 16), lacking relevance to 
lymphatic drainage (n = 2), lacking relevance to carpal 
tunnel syndrome (n = 2), and absence of English full text 
(n = 4). After through screening, 12 studies met the inclu-
sion criteria (Table 1) [11–22]. This process is shown in 
the PRISMA flow chart diagram (Fig.  1). Finally, meta-
analysis was performed using two distinct approaches 
for following outcomes (Figs. 2, 3, 4 and 5): BSSS, BFSS, 
VAS, CSA, Hand grip, Median nerve motor amplitude, 
Median nerve motor latency, Median nerve motor veloc-
ity, Median nerve sensory amplitude, Median nerve sen-
sory latency, Median nerve sensory velocity.

Figures 6 shows the results of assessing bias in RCTs 
and non-randomized designs. Based on the result 
obtained from RoB-2 for RCTs, only three studies were 
judged low risk of bias while presence of moderate to 
high level of bias occurred in eight studies. The only non-
randomized interventional study was assessed as having 
a moderate risk of bias according to ROBINS-I.
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Difference between groups
The meta-analysis comparing intervention and con-
trol groups revealed mixed findings across different 
outcome measures. BFSS did not show a significant 
difference between groups (SMD = -0.24, 95% CI: 
-0.57–0.08,p = 0.14, I² = 61.2%) (Fig. 2a). Similarly, BSSS 
showed no significant improvement (SMD = -0.15, 95% 
CI: -0.52–0.22,p = 0.41, I² = 69.4%) (Fig.  2c). However, 
VAS demonstrated a significant reduction in pain scores 
in the intervention group compared to the control (SMD 
= -0.31, 95% CI: -0.51–-0.12,p < 0.05, I² = 0%) (Fig.  2e). 

Hand grip strength significantly improved following the 
intervention (SMD = -0.29, 95% CI: -0.51–-0.07 p ;< 0.05, 
I² = 0%) (Fig. 3c), as did the median nerve cross-sectional 
area (SMD = 0.39, 95% CI: 0.10–0.68,p < 0.05, I² = 0%) 
(Fig. 3a).

Regarding nerve conduction parameters, median 
nerve motor amplitude showed no significant differ-
ence (SMD = 0.73, 95% CI: -0.02–1.47,p = 0.05, I² = 
78.6%) (Fig. 4a), and neither did motor latency (SMD = 
-0.03, 95% CI: -0.50–0.44,p = 0.90, I² = 66.2%) (Fig.  4c). 
However, median nerve motor velocity significantly 

Table 1  Characteristics of included articles
Study Population Intervention Design Instruments Follow-

up Du-
ration 
(weeks)

Treat-
ment 
time

Sessions 
number

Ses-
sion’s 
dura-
tion

Control 
group

Experimen-
tal group

Kablan et al., Tur-
key (2025) [11]

N: 27
Age*: 
48.9 ± 9.9

N: 27
Age: 
48.9 ± 9.9

MLD RCT BSSS, BFSS, CSA, 
HG, MNC, PPT, 
VAS

6 6 
weeks

12 40 min

Leblebicier et al., 
Turkey (2025) [12]

N: 18
Age: 47.9 ± 7.7

N: 16
Age: 
52.7 ± 6.7

MLD RCT BSSS, BFSS, MNC, 
Tinel’s sign, 
Phalen’s sign, 
PPT, VAS

4 4 
weeks

20 15 min

Chen et al., Tai-
wan (2024) [13]

N: 18
Age: 
47.2 ± 3.17

N: 19
Age: 
49.8 ± 8.47

KT RCT BSSS, BFSS, MNC, 
VAS

6 6 
weeks

12 2 days

Cihan et al., Tur-
key (2024) [14]

N: 27
Age: 
48.15 ± 7.40

N: 27
Age: 
50.30 ± 7.08

MLD RCT BSSS, BFSS, CSA, 
Tinel’s sign, 
Phalen’s sign

4 4 
weeks

20 20 min

Unal et al., Turkey 
(2024) [15]

N: 13
Age: 
52.69 ± 8.61

N: 14
Age: 
48.71 ± 10.80

KT RCT BSSS, BFSS, CSA, 
MNC, VAS

3 3 
weeks

3 5 days

Movaghar et al.**, 
Iran (2023) [16]

N: 15
Age: 
27.6 ± 3.08

N: 15
Age: 
27.47 ± 3.94

KT
Cupping

RCT BSSS, BFSS, CSA, 
VAS

4 4 
weeks

7 3 days

Ayhan et al., Tur-
key (2019) [17]

N: N/A
Age: N/A

N: 41
Age: 
56.05 ± 8.16

CDT Quasi-experimental CSA, DN4, MNC, 
Quality of life, 
Q-DASH, Lymph-
edema volume

3 3 
weeks

15 2 h

Güner et al., Tur-
key (2018) [18]

N: 13
Age: 
44.33 ± 9.21

N: 11
Age: 
47.71 ± 4.97

KT RCT BSSS, BFSS, HG, 
MNC, Pinch, VAS

3 & 12 3 
weeks

10 2 days

Kaplan et al., Tur-
key (2018) [19]

N: 32
Age: 42.3 ± 9.8

N: 33
Age: 
43.1 ± 9.2

KT RCT CSA, VAS 3 & 12 3 
weeks

6 3.5 
days

Yildirim et al., Tur-
key (2018) [20]

N: 10
Age: 
48.70 ± 7.61

N: 11
Age: 
48.81 ± 6.40

KT RCT BSSS, BFSS, CSA, 
DN4, HG, Mo-
berg, Pinch, VAS

3 & 6 6 
weeks

3 N/A

Geler et al., Turkey 
(2015) [21]

N: 20
Age: 
48.95 ± 6.0

N: 20
Age: 
49.8 ± 11.5

KT RCT BSSS, BFSS, DN4, 
HG, VAS

4 4 
weeks

4 5 days

Karpuz et al., Tur-
key (2015) [22]

N: 26
Age: 
49.2 ± 10.4

N: 26
Age: 
47 ± 10.4

KT RCT BSSS, BFSS, CSA, 
HG, PSQI, VAS

4 4 
weeks

8 N/A

BSSS: Boston symptom severity scale, BFSS: Boston functional status scale, CDT: Complex decongestive therapy, CSA: Median cross-sectional are, DN4: Douleur 
neuropathique 4 questionnaire, HG: Hand grip, KT: Kinesio Taping, MLD: Manual lymphatic drainage, MNC: Median nerve conduction, N: Number, PPT: Pain pressure 
threshold, PSQI: Pittsburgh sleep quality index, Q-DASH: Quick disabilities of arm, shoulder & hand, RCT: Randomized control trial, VAS: Visual analogue scale

*: Mean ± SD; **: Movaghar et al. study included two experimental group (KT and cupping); cupping group population features were mentioned in the control group 
section
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improved post-intervention (SMD = 0.48, 95% CI: 
0.13–0.83,p < 0.05, I² = 0%) (Fig. 4e). Median nerve sen-
sory conduction measures followed a similar trend, with 
sensory amplitude and latency showing no significant 
changes (SMD = -0.19,-0.13, 95% CI: -0.50–0.13,-1.39–
1.13,p = 0.24,0.84, I² = 0%,90.8%; respectively) (Fig.  5a 
and c), whereas sensory velocity significantly improved 
(SMD = 0.50, 95% CI: 0.22–0.78,p < 0.05, I² = 33.4%) 
(Fig. 5e).

Within-Group changes
The within-group analysis demonstrated significant 
improvements in several outcome measures following 
lymphatic drainage interventions. BFSS showed a statis-
tically significant enhancement post-intervention (MD = 

-6.44, 95% CI: -8.78–-4.09,p < 0.5, I² = 91%) (Fig. 2b), as 
did BSSS (MD = -10.80, 95% CI: -14.73–-6.78,p < 0.5, I² 
= 96.1%) (Fig.  2d). Pain reduction, as measured by the 
VAS (Fig.  2f ), was also significant within the interven-
tion group (MD = -3.25, 95% CI: -4.11–-2.39,p < 0.5, I² 
= 85.4%). However, hand grip strength did not exhibit a 
statistically significant change post-intervention (MD = 
-1.67, 95% CI: -3.78–0.43,p = 0.11, I² = 97.6%) (Fig.  3d). 
In contrast, the median nerve cross-sectional area signifi-
cantly improved (MD = 6.83, 95% CI: 2.32–11.34,p < 0.05, 
I² = 63.6%) (Fig. 3b).

Regarding nerve conduction studies, median nerve 
motor amplitude did not show a significant within-group 
difference (MD = 5.05, 95% CI: -0.02–10.13,p = 0.05, 
I² = 83.8%%) (Fig.  4b), but motor latency significantly 

Fig. 1  PRISMA flow diagram
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improved (MD = -0.52, 95% CI: -0.98–-0.05,p = 0.02, I² 
= 59.2%) (Fig.  4d). Similarly, motor velocity showed a 
statistically significant enhancement (MD = 5.46, 95% 
CI: 3.16–7.76,p < 0.05, I² = 0%) (Fig. 4f ). Among sensory 
conduction measures, sensory amplitude and latency 
did not show significant improvements (MD = 0.74,-0.25, 
95% CI: -1.86–3.34,-0.85–0.36,p = 0.57,0.42, I² = 0%,85%; 
respectively) (Fig.  5b and d), whereas sensory velocity 

demonstrated a significant increase (MD = 6.83, 95% CI: 
4.61–9.06,p < 0.05, I² = 0%) (Fig. 5f ).

Subgroup analysis
Subgroup analyses were conducted for both the between-
group and within-group meta-analyses to compare short-
term (< 6 weeks) and long-term (≥ 6 weeks) follow-ups 
(Supplementary File S3 and S4). However, none of the 
comparisons reached statistical significance, indicating 

Fig. 3  Structural and Functional outcomes analysis: a) Median cross-sectional area difference between groups; b) Median cross-sectional area within-
group changes; c) Hand grip difference between groups; d) Hand grip within-group changes

 

Fig. 2  Questionnaires’ outcomes analysis: a) Boston functional status scale difference between groups; b) Boston functional status scale within-group 
changes; c) Boston symptom severity scale difference between groups; d) Boston symptom severity scale within-group changes; e) Visualize analogue 
scale difference between groups; f) Visualize analogue scale within-group changes
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no substantial difference in the effects of lymphatic drain-
age interventions between the two follow-up durations. 
Subgroup analyses based on treatment technique (MLD, 
Kinesio taping, or CDT) were also performed (Supple-
mentary Files S5 and S6). Overall, the majority of com-
parisons showed no statistically significant differences 
in effect sizes between the different intervention types. 
However, two analyses yielded significant results: one 
favoring MLD for median nerve motor latency (SMD = 
-0.58, 95% CI: -0.90–-0.06,p < 0.05, I² = 0%), and another 

favoring MLD for median cross-sectional area (MD = 
-3.12, 95% CI: -4.44–-1.80,p < 0.05, I² = 0%).

Discussion
This meta-analysis provides a comprehensive evalua-
tion of the effects of lymphatic drainage techniques on 
CTS. Our findings indicate that while lymphatic drainage 
interventions, including MLD and Kinesio taping, con-
tribute to symptom relief and functional improvements, 
their effectiveness varies across different outcome mea-
sures. Pain reduction, as measured by the VAS, showed 

Fig. 5  Median nerve sensory conduction: a) Amplitude difference between groups b) Amplitude within-group changes c) Latency difference between 
groups d) Latency within-group changes e) Velocity difference between groups f) Velocity within-group changes

 

Fig. 4  Median nerve motor conduction: a) Amplitude difference between groups; b) Amplitude within-group changes; c) Latency difference between 
groups; d) Latency within-group changes; e) Velocity difference between groups; f) Velocity within-group changes
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a significant improvement in both between-group and 
within-group analyses, reinforcing the role of lymphatic 
drainage in alleviating discomfort associated with CTS. 
Similarly, the median nerve CSA demonstrated a consis-
tent reduction, suggesting that lymphatic interventions 
may contribute to decreasing tissue swelling and nerve 
compression. In contrast, functional outcomes such as 
the BFSS and BSSS showed significant improvements in 
the within-group analysis but did not reach statistical sig-
nificance in the between-group comparison, highlighting 
a potential placebo effect or the influence of other con-
founding factors. Additionally, while nerve conduction 
parameters exhibited mixed results, sensory and motor 
nerve velocities significantly improved, indicating poten-
tial benefits of lymphatic techniques in enhancing neural 
function. Overall, these findings suggest that lymphatic 
drainage techniques may serve as a beneficial adjunct 
therapy for CTS, particularly in pain management and 
nerve decompression, but their effects on functional 
recovery remain inconclusive.

Objective outcomes
The observed improvements in nerve conduction veloc-
ity and median nerve CSA following lymphatic drainage 
interventions can be explained by the role of tissue fluid 
dynamics in CTS pathophysiology. CTS is characterized 
by increased interstitial pressure within the carpal tunnel, 
which can lead to vascular congestion, perineural edema, 
and subsequent compression of the median nerve. This 
compression impairs nerve function by disrupting axo-
nal transport, reducing blood supply, and increasing 

inflammatory mediators, ultimately slowing neural con-
duction [3]. Lymphatic drainage techniques, including 
MLD and Kinesio taping, may mitigate these effects by 
promoting fluid clearance, reducing local edema, and 
alleviating mechanical compression on the nerve.

Reduction in CSA, observed in our analysis, suggests a 
structural benefit of lymphatic drainage, likely resulting 
from decreased perineural swelling. Studies have demon-
strated that median nerve enlargement in CTS correlates 
with symptom severity and nerve dysfunction, and inter-
ventions that reduce nerve swelling are associated with 
functional recovery [23]. By facilitating the removal of 
interstitial fluid and inflammatory byproducts, lymphatic 
drainage may help restore normal nerve morphology, 
thereby reducing CSA and relieving compression. Addi-
tionally, improved nerve conduction velocity observed 
in this meta-analysis may result from enhanced micro-
circulation and reduced ischemic stress on the median 
nerve. Chronic nerve compression leads to hypoxia 
and metabolic dysfunction, both of which contribute to 
slowed neural transmission [24]. Lymphatic drainage 
may improve local perfusion by decreasing extravascular 
pressure and enhancing capillary exchange, which could 
support nerve repair and optimize signal conduction. 
This is further supported by the significant improvement 
in sensory and motor velocity, which may indicate partial 
restoration of neural function due to improved metabolic 
conditions and reduced inflammatory burden. These 
findings suggest that lymphatic drainage techniques may 
play a role in modulating the pathophysiological mecha-
nisms of CTS, offering a non-invasive means to improve 

Fig. 6  Risk of bias for RCTs and non-randomized trials
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neural function and nerve morphology. However, further 
research is needed to explain the precise mechanisms 
and long-term efficacy of these interventions in different 
patient populations.

Subjective outcomes
The significant improvements in pain scores and ques-
tionnaire-based assessments, such as the VAS, BSSS, 
and BFSS, suggest that lymphatic drainage interventions 
may provide meaningful symptom relief in patients with 
CTS. Pain reduction, observed in both between-group 
and within-group analyses, is a particularly important 
finding, as pain is a major contributor to functional 
impairment and reduced quality of life in CTS patients. 
Several mechanisms may explain the analgesic effects 
of lymphatic drainage. First, reducing interstitial fluid 
accumulation and perineural edema may directly relieve 
mechanical compression on the median nerve, leading 
to decreased nociceptive signaling. Additionally, MLD 
and Kinesio taping may stimulate mechanoreceptors 
and proprioceptive pathways, potentially modulating 
pain perception through a gate control mechanism. The 
activation of these sensory pathways could inhibit pain-
transmitting nociceptive signals at the spinal level, pro-
viding symptomatic relief [25].

Furthermore, the improvements in BSSS and BFSS 
scores, though significant in the within-group analysis 
but not in the between-group comparison, suggest that 
while patients perceive symptom relief and functional 
enhancement following lymphatic drainage interven-
tions, these benefits may not be substantially greater than 
those seen in control groups. This could be attributed to 
placebo effects, natural disease fluctuations, or the influ-
ence of other concurrent therapies. Nonetheless, subjec-
tive symptom improvement remains clinically relevant, 
as patient-reported outcomes play a crucial role in deter-
mining treatment efficacy.

Another potential factor contributing to subjective 
symptom relief is the impact of lymphatic drainage on 
inflammation and neural sensitization. Chronic com-
pression of the median nerve leads to local inflammatory 
mediator release, contributing to pain hypersensitivity. 
By facilitating the clearance of inflammatory cytokines, 
lymphatic drainage may reduce neural irritability and 
central sensitization, leading to a decrease in perceived 
pain intensity [26, 27]. These findings indicate that lym-
phatic drainage techniques can be valuable adjuncts in 
CTS management, particularly for symptom relief. How-
ever, the discrepancy between subjective improvement 
and objective functional outcomes suggests that while 
these interventions may enhance patient-perceived well-
being, their role in reversing underlying nerve dysfunc-
tion remains uncertain. Future studies should further 
investigate the long-term effects of lymphatic drainage 

on both subjective and objective measures to establish its 
clinical utility in CTS treatment.

Subgroup analyses based on treatment technique 
revealed that most interventions, including MLD, Kine-
sio taping, and CDT, demonstrated comparable effects 
across outcomes. However, MLD showed significantly 
greater effectiveness in reducing both median nerve 
motor latency and cross-sectional area. These findings 
suggest that MLD may offer specific neurophysiological 
and anatomical benefits in managing CTS. Further stud-
ies are warranted to confirm these findings and explore 
underlying mechanisms.

Short-Term and Long-Term effects
The subgroup analysis comparing short-term (< 6 weeks) 
and long-term (≥ 6 weeks) follow-up durations revealed 
no statistically significant differences in the effects of 
lymphatic drainage interventions. This lack of statisti-
cally significant differences may suggest that symptom 
improvements were maintained at follow-up; however, 
it is important to note that treatment durations were 
not uniform across studies. In some cases, long-term 
follow-up groups may have also received longer treat-
ment courses, making it difficult to distinguish whether 
improvements were due to sustained effects or extended 
therapy. This is a promising finding, as many conserva-
tive treatments for CTS provide only temporary relief, 
whereas lymphatic drainage appears to offer durable ben-
efits without requiring continuous intervention.

One explanation for this sustained improvement is the 
ability of lymphatic drainage techniques, such as MLD 
and Kinesio taping, to reduce perineural edema and opti-
mize fluid dynamics in the carpal tunnel. By alleviating 
nerve compression and promoting local circulation, these 
techniques may create a stable physiological environment 
that prevents symptom recurrence even after the inter-
vention period ends [28, 29]. The improvements in CSA 
suggest that the intervention helps resolve swelling and 
mechanical stress on the median nerve, which may con-
tribute to the long-term preservation of nerve function.

The persistence of pain reduction, as measured by the 
VAS, also supports the durability of lymphatic drainage’s 
effects. Pain in CTS is influenced by multiple factors, 
including inflammation, neural compression, and sensi-
tization of nociceptive pathways [3]. Lymphatic drainage 
may counteract these mechanisms by enhancing inter-
stitial fluid clearance and reducing local inflammatory 
mediators, leading to prolonged symptom relief. Addi-
tionally, improvements in functional scores (BSSS and 
BFSS) were observed in within-group analyses, indicating 
that participants experienced meaningful improvements 
in hand function and daily activities. Although these 
functional benefits did not reach statistical significance 
in the between-group comparison, their persistence over 
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time suggests that lymphatic drainage contributes to 
maintaining hand mobility and reducing discomfort in 
everyday tasks.

While the findings indicate that lymphatic drainage 
has lasting benefits, it is important to consider potential 
factors influencing treatment response over time. The 
absence of a significant difference between short- and 
long-term follow-ups may reflect the persistence of treat-
ment benefits; however, it does not necessarily imply 
progressive improvement, especially given the potential 
variation in treatment intensity and duration. This raises 
the question of whether maintenance therapy, periodic 
booster sessions, or patient-guided self-lymphatic drain-
age could further enhance long-term outcomes. Addi-
tionally, patient adherence and variability in treatment 
protocols over extended periods may have influenced the 
observed effects, highlighting the need for standardized 
protocols in future research.

Overall, these findings reinforce the potential of lym-
phatic drainage as an effective and sustainable thera-
peutic option for CTS. The sustained benefits in pain 
relief and nerve function suggest that it may serve as a 
valuable adjunct to other conservative or rehabilita-
tive approaches. Future studies should explore long-
term effects to optimize treatment durability, compare 
lymphatic drainage with other standard therapies over 
extended follow-up durations, and investigate whether 
combining it with other modalities could further enhance 
clinical outcomes.

Clinical implications
The findings of this meta-analysis highlight the potential 
of lymphatic drainage as a non-invasive, cost-effective, 
and accessible therapeutic option for managing CTS. 
Given the growing interest in conservative management 
strategies, lymphatic drainage techniques offer a prom-
ising alternative or adjunct to conventional treatments 
[30]. Unlike surgical interventions, which are associated 
with risks, recovery time, and financial burden, lym-
phatic drainage provides a low-risk option that can be 
easily integrated into rehabilitation programs and even 
performed as a self-care technique with proper training. 
Also, in some conditions including lymphedema or preg-
nancy, interventional therapies may not be considered as 
feasible as other conservative options [31].

One of the key advantages of lymphatic drainage is 
its ability to address the underlying pathophysiology of 
CTS by reducing edema, improving microcirculation, 
and alleviating nerve compression [32]. The sustained 
improvements observed in nerve conduction veloc-
ity, median nerve CSA, and pain relief suggest that this 
intervention not only provides symptomatic relief but 
also contributes to maintaining nerve function over time. 
This makes it particularly relevant for patients with mild 

to moderate CTS who seek to avoid or delay surgical 
interventions. Additionally, it may serve as an adjunctive 
therapy for post-surgical patients to reduce swelling and 
enhance recovery.

Despite these promising findings, several gaps in the 
literature remain. The variability in study methodologies, 
intervention protocols, and patient populations high-
lights the need for more standardized and high-quality 
clinical trials. Future research should focus on optimizing 
treatment protocols, including session frequency, dura-
tion, and combination with other conservative therapies. 
Moreover, long-term studies with larger sample sizes are 
needed to determine whether lymphatic drainage can 
provide sustained benefits beyond the observed follow-
up periods.

Another important consideration is the need for 
greater awareness and clinical integration of lymphatic 
drainage techniques. Although widely used in lymph-
edema management, their application in CTS treatment 
remains underexplored. Expanding training for health-
care providers, such as physical therapists and occupa-
tional therapists, could enhance patient access to these 
interventions. Additionally, investigating self-admin-
istered lymphatic drainage techniques could further 
improve feasibility and long-term adherence [33].

Lymphatic drainage presents a promising, low-cost, 
and non-invasive approach for CTS management. While 
preliminary evidence supports its effectiveness in pain 
reduction, functional improvement, and nerve conduc-
tion enhancement, further research is required to estab-
lish standardized guidelines and confirm its long-term 
clinical utility. Integrating lymphatic drainage into mul-
tidisciplinary treatment plans may offer an effective strat-
egy for improving patient outcomes while minimizing 
the need for invasive procedures.

Limitations
Despite the promising findings of this meta-analysis, sev-
eral limitations must be acknowledged. First, significant 
heterogeneity was observed among the included studies 
in terms of intervention protocols, follow-up durations, 
and outcome measures. Variability in the type, fre-
quency, and duration of lymphatic drainage techniques, 
whether MLD, Kinesio taping, or compression therapy, 
may have contributed to inconsistent results, making it 
difficult to establish standardized recommendations for 
clinical practice. One potential source of heterogeneity in 
our findings is the variation in how lymphatic drainage 
techniques, particularly MLD and Kinesio taping, were 
applied across included studies. MLD protocols differed 
in terms of session frequency (ranging from 2 to 5 times 
per week), session duration (15 to 40 min), and whether 
it was performed alone or as part of a multi-component 
intervention like CDT. Similarly, Kinesio taping protocols 
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varied by application technique, tension, anatomical 
placement, and duration of use. These inconsistencies 
may influence outcomes such as edema reduction, nerve 
decompression, and symptom relief. Such methodologi-
cal diversity likely contributed to the observed variability 
in effect sizes, particularly in subjective outcomes. Future 
studies should aim to standardize these interventions to 
reduce heterogeneity and allow for more direct compari-
sons of efficacy.

Second, while some studies included control groups, 
others relied solely on within-group analyses, limiting 
the ability to determine whether observed improvements 
were specifically attributable to lymphatic drainage 
rather than natural symptom progression or placebo 
effects. The fact that functional scores (BSSS and BFSS) 
were significantly improved in within-group analyses but 
not in between-group comparisons suggests that patient-
perceived improvements may have been influenced 
by nonspecific effects such as therapist interaction or 
expectation bias. Future studies should incorporate well-
designed RCTs with appropriate placebo or sham inter-
ventions to strengthen causal inferences.

Another limitation is the relatively short follow-up 
durations in most studies. While our subgroup analysis 
indicated that improvements were sustained over time, 
the longest follow-up periods were generally limited 
to three months. The long-term durability of lymphatic 
drainage’s effects remains uncertain, particularly in com-
parison to other conservative treatments or surgical 
interventions. Further research with extended follow-up 
durations is needed to determine whether symptom relief 
persists beyond the study periods and whether periodic 
maintenance sessions are required.

Additionally, objective assessments of neural function, 
such as nerve conduction studies, showed mixed results. 
While some parameters such as nerve conduction veloc-
ity, improved significantly, others including motor ampli-
tude, sensory latency did not demonstrate meaningful 
changes. This suggests that while lymphatic drainage may 
alleviate nerve compression and improve circulation, it 
may not reverse all aspects of nerve dysfunction, par-
ticularly in more advanced cases of CTS. Future research 
should investigate whether certain patient subgroups 
(such as those with mild vs. severe CTS) are more likely 
to benefit from lymphatic interventions.

Lastly, publication bias cannot be ruled out, as studies 
with negative or non-significant findings may be under-
reported. The limited number of high-quality RCTs in 
this field further underscores the need for more rigorous 
investigations to validate the efficacy and mechanisms of 
lymphatic drainage in CTS management.

To address these limitations, future research should 
focus on standardizing intervention protocols, incorpo-
rating sham-controlled RCTs, and evaluating long-term 

outcomes. Additionally, studies comparing lymphatic 
drainage with other conservative treatments such as 
splinting, corticosteroid injections, or physical therapy, 
could provide valuable insights into its relative effective-
ness. Investigating the potential for self-administered 
lymphatic drainage techniques and their impact on long-
term symptom management could also improve accessi-
bility and patient adherence.

Conclusion
This meta-analysis supports lymphatic drainage as an 
effective, non-invasive, and cost-efficient intervention 
for CTS. It significantly reduces pain, improves nerve 
conduction, and decreases median nerve CSA, indicat-
ing reduced compression and enhanced nerve function. 
While symptom relief was consistently reported, func-
tional improvements were less clear in between-group 
analyses. In conclusion, lymphatic drainage represents 
a valuable adjunct in CTS treatment, offering a safe and 
practical approach for symptom relief. While further 
research is needed to confirm its long-term clinical util-
ity and refine treatment protocols, the current evidence 
suggests that it may serve as a beneficial addition to non-
surgical management strategies for CTS.
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