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Abstract
Background  Our objective was to summarize, synthesize, and integrate the evidence evaluating the effectiveness of 
biophysical agents compared to other conservative treatments, for the management of carpal tunnel syndrome (CTS).

Methods  This was an overview of systematic reviews (SRs). We searched several online databases and obtained 
SRs relating to managing CTS using biophysical agents. Two independent researchers screened and appraised 
the quality of the SRs using the A MeaSurement Tool to Assess systematic Reviews-2 appraisal tool. We extracted 
information related to study characteristics as well as the effectiveness of biophysical agents for CTS, the effect sizes, 
and between-group significances. We categorized the information based on the type of biophysical agent. We also 
performed a citation mapping and calculated the corrected covered area index.

Results  We found 17 SRs addressing 12 different biophysical agents. The quality of the SRs was mainly critically low 
(n = 16) or low (n = 1). The evidence was inconclusive for the effectiveness of Low-level Laser therapy and favorable 
for the short-term efficacy of non-thermal ultrasound in improving symptom severity, function, pain, global rating 
of improvement, satisfaction with treatment, and other electrophysiological measures compared to manual therapy 
or placebo. Evidence was inconclusive for Extracorporeal Shockwave therapy, and favorable for the short-term 
effectiveness of Shortwave and Microwave Diathermy on pain and hand function. The corrected covered area index 
was lower than 35% indicating a low overlap of the SRs.

Conclusions  The findings were based on low-quality primary studies, with an unclear or high risk of bias, small 
sample sizes, and short follow-ups. Therefore, no recommendations can be made for the long-term effectiveness of 
any biophysical agents. High-quality evidence is needed to support evidence-based recommendations on the use of 
biophysical agents in the management of CTS.

PROSPERO registration number  CRD42022319002, registered on 17/04/2022
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Introduction
Carpal tunnel syndrome (CTS) accounts for 90% of all 
upper extremity neuropathies [1]. Compression or trac-
tion of the median nerve as it passes from the forearm 
towards the hand, underneath the transverse carpal liga-
ment is implicated as a causal mechanism [2, 3]. The 
pathogenesis of CTS also includes unbalanced tension 
of the epimysial fasciae that limits nerve displacement in 
CTS cases [4]. CTS is one of the most common disabling 
upper extremity conditions among workers, and accounts 
for a large portion of worker compensations claims [5–7]. 
The symptoms include tingling and numbness, in digits 
innervated by the median nerve [8–10]. Moreover, fine 
manual dexterity can be impaired in CTS cases, that 
affects the performance in daily living activities, hobbies, 
and work, especially in activities that require dexterity 
such as writing and handling small objects such as coins, 
cups, or tools [11].

According to Baker et al. 2011, “CTS is a complex con-
dition with a wide variety of treatments provided by a 
multitude of disciplines.” [12] The diagnostic options 
range from diagnostic questionnaires and physical exam-
inations to more invasive methods such as nerve conduc-
tion velocity testing [8, 13, 14]. When diagnosed early, 
conservative treatments are usually the first line of man-
agement. However, with more severe cases, carpal tunnel 
release surgery might be inevitable [15]. Several different 
conservative treatment options have been summarized 
in the 2019 clinical practice guidelines of the Ameri-
can Physical Therapy Association [16]. These treatment 
options include manual therapy, exercise, education and 
ergonomic evaluation, and biophysical agents, etc. [16, 
17] Other more recent treatment methods include the 
injection of Botulinum Toxin, Corticosteroids, and Acu-
puncture [17–20].

Biophysical agents are one of the most routinely used 
management techniques in physiotherapy, occupational 
therapy and hand therapy practice settings for people 
with CTS [21]. According to the American Physical Ther-
apy Association, these techniques include electrophysical 
modalities such as interferential currents, and transcuta-
neous electrical nerve stimulation (TENS); sound agents 
(ultrasound); light agents such as low-level laser therapy 
(LLLT), and non-laser light therapy; thermal agents such 
as contrast baths and heat wrap therapy; and athermal 
agents such as magnet therapy; and transdermal drug 
delivery [16, 21–23].

The effectiveness of biophysical agents for the treat-
ment of CTS has been evaluated in multiple systematic 
reviews (SRs) with varying qualities and performance 
across studies [23–29]. Umbrella reviews are a form of 
synthesis that are used to derive recommendations from 
the larger pool of evidence within the reviews, acknowl-
edging that some reviews will contain overlapping 

primary evidence, and some unique aspects of studies 
are included on how the evidence is evaluated or synthe-
sized. The primary objective of this study was to provide 
a comprehensive and systematic integration of the evi-
dence regarding non-surgical biophysical interventions 
of CTS, from published SRs, through conducting an 
umbrella review. The secondary objective was to analyze 
and compare findings from different SRs addressing the 
same biophysical interventions to assist clinicians with 
evidence-based decision-making in their clinical practice.

Methods
This is an umbrella review: an overview of SRs. We reg-
istered the protocol for this review with PROSPERO 
(CRD42022319002) on 17/04/2022.

Information sources
We comprehensively searched relevant SRs in CINAHL, 
Medline, and EMBASE through Ovid and the Cochrane 
database of systematic reviews from inception. We also 
searched the PROSPERO registry of systematic reviews 
and did a hand search of the final included articles. We 
developed our search strategy in consultation with a 
health sciences librarian at Western University and con-
ducted our electronic database search on November 19, 
2021. The search was updated on February 22, 2023. We 
created three search clusters combining MESH terms 
and keywords relating to CTS treatment and used OR 
function within the clusters, then AND function between 
the clusters to combine them. The three search clus-
ters were related to (1) CTS, (2) treatments, and (3) SRs 
(APPENDIX I). To limit our search results to only SRs, 
we adopted some keywords from the CADTH strings 
attached search terms for SRs [30].

Study selection
Two authors (AD, CZ) independently selected the studies 
in two consecutive phases. In the first phase, we screened 
the titles and abstracts. In this phase, we removed the 
studies whose titles and abstracts did not meet the eli-
gibility criteria. In the second phase, we retrieved the 
full texts of the remaining articles and reviewed them 
against the eligibility criteria. In each of these phases, if 
a disagreement occurred, we consulted the senior co-
author (JM) and resolved the dispute through discus-
sion, however there were no articles that resulted in a 
disagreement.

Eligibility criteria
We included all SRs that fulfilled the following inclusion 
criteria.

Design: systematic reviews, with or without metanaly-
sis that included primary papers of experimental study 
designs.
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Population: SRs that included people with CTS. In 
cases where SRs addressed broader populations such as 
upper limb neuropathies or MSK disorders, we included 
and reported the data for the CTS subpopulation.

Intervention: eligible SRs addressed non-surgical 
interventions as a sole treatment or combinations of dif-
ferent non-surgical interventions for CTS. It included the 
non-surgical biophysical agent interventions as summa-
rized by the American Physical Therapy Association clin-
ical practice guidelines: [16]

 	• Thermotherapy: dry heat, paraffin, microwave, and 
shortwave diathermy (MWD, SWD), heat wrap 
therapy, contrast bath.

 	• Electrical stimulations: interferential currents and 
TENS.

 	• Light agents: LLLT and non-laser light therapy.
 	• Sound agents: ultrasound.
 	• Transdermal drug delivery: topical anti-

inflammatory drugs, Phonophoresis, Iontophoresis.
 	• Athermal agents: magnet therapy, pulsed 

radiofrequency.
In addition to the above-mentioned biophysical agents, 
we also included Extracorporeal shockwave therapy 
(ESWT), even though this was not addressed as a phys-
iotherapy modality in the American Physical Therapy 
Association clinical practice guidelines.

Comparison: all surgical and non-surgical interven-
tions (manual therapy, local steroid injections, etc.) for 
managing CTS were considered eligible comparators.

Outcome: all outcomes addressing the short- and 
long-term effectiveness and potential adverse effects of 
non-surgical interventions were eligible. These include 
patient-centered (e.g., quality of life, pain, function) and 
secondary, surrogate, or intermediate outcomes (e.g., 
electromyography, nerve conduction velocity testing). As 
a criterion of failure of non-surgical interventions, the 
number of surgeries or the need for surgery (number of 
treatment sessions needed to avoid one surgery) was con-
sidered when reported.

Time: any time frame. If the authors updated the sys-
tematic reviews, we only kept the most recent version.

Exclusion criteria: no exclusions based on sample size, 
age and gender of the participants, the severity of CTS, 
and the time of publication were made. We excluded 
gray literature, conference presentations (e.g., abstracts, 
posters), unpublished manuscripts, dissertations, books 
and book chapters, meeting abstracts, and consensus 
development statements. Further, we excluded cadav-
eric or animal studies, diagnostics, prognosis, screening, 
economic analysis, or any intervention other than bio-
physical agents for CTS (e.g., manual therapy, exercise, 
education, splint, etc.).

Data extraction
We used a pre-developed data extraction sheet and reg-
istered it on the PROSPERO. One author (CZ) extracted 
the data from all included SRs. Another author (AD) did 
a duplicate extraction and verified all the extracted data. 
We extracted data from the included SRs and not from 
the primary studies within SRs, as per the 2021 guidelines 
by Cochrane for overviews of reviews [31]. The extracted 
data included information relating to the SRs (authors, 
year, count and type of the primary studies, etc.), patients 
(age, CTS severity, sex, or gender, etc.), and biophysical 
agents (type, effectiveness, comparison, etc.).

Data synthesis and analysis
We categorized the extracted information according 
to the different types of biophysical agents [16], and 
reported them in the results section in order of fre-
quency. For SRs performing meta-analysis, we extracted 
and reported the effect sizes, and between group signifi-
cances based on the outcome measure that was used in 
the SR. We examined the overlap of the primary studies 
by creating a citation matrix of the primary studies. We 
followed Hennessy and Johnson 2019 recommendations 
for calculating a corrected covered area (CCA) index 
[32]. This approach is recommended when there are sev-
eral SRs on the same topic, and the primary studies might 
overlap [32]. We used the following formula to calculate 
the CCA index:

	
CCA =

Total n of included primary studies − n of rows

(n of rows × n of columns) − n of rows

In this formula, total number of included primary studies 
included the double counting, the number of rows refers 
to the primary studies, and number of columns is the 
number of SRs [32]. We calculated the CCA index when 
three or more SRs addressed the same intervention.

Quality assessment
Two co-authors (CZ, AD) independently critically 
appraised the quality of the included SRs, using the “A 
MeaSurement Tool to Assess systematic Reviews-2” 
(AMSTAR-2) appraisal tool [33]. AMSTAR-2 tool has 
16 items, which were rated as “yes” (denotes positive 
results), “no” (denotes negative results), and not appli-
cable [33].

Seven of the 16 items of the AMSTAR-2 are considered 
as critical domains, which are items 2, 4, 7, 9, 11, 13, 15 
[33]. Overall, if a SR was rated yes in one of these critical 
items, it was regarded as having ‘low’ overall confidence 
in the results. If a SR had more than one critical flaw, it 
was rated as ‘critically low’. On the other hand, if a SR did 
not have any critical or only one non-critical flaws or if a 
SR only more than one non-critical flaws, it was regarded 
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as having ‘high’ or ‘moderate’ overall confidence in the 
results of the review [33].

Results
Study selection
We obtained 1348 citations through the electronic data-
base search. After removing the duplicates, we screened 
1189 articles in the first phase. We then proceeded to 
the full-text reviewing phase with 153 full-text articles. 
Lastly, 17 SRs met all the eligibility criteria for our over-
view. Exclusion reasons and a full list of excluded articles 
(title, authors, doi) after full-text review are presented in 
Appendix II. The Kappa agreement between the review-
ers in the first phase was 0.82 (SE: 0.03, 95% CI 0.75–
0.87), which indicates strong agreement. Please refer to 
Fig.  1, the PRISMA diagram, to see the detailed study 
selection process.

Study characteristics
Among the 17 included SRs, 10 conducted a meta-anal-
ysis [27–29, 34–40]. Only five SRs had registered their 
protocols, five in PROSPERO [27, 28, 34, 39, 40], and one 
in INPLASY [37]. All of the SRs had searched at least four 
online databases, and the database in common was Med-
line/PubMed. After removing the duplicates, an overall of 
68 primary original studies were included in the reviews 
which are summarized in Appendix III in alphabetical 
order for each treatment modality. The population under 
study was people with CTS in 11 SRs [23–25, 27–29, 36–
40], any population with pain or MSK disorders in three 
SRs [35, 41, 42], peripheral somatosensory neuropathy or 
injury in two SRs [26, 43], and radial, ulnar, and median 
neuropathies in one SR [34]. The study characteristics are 
summarized in in Table 1.

Overall confidence in the results of the systematic reviews 
(AMSTAR-2)
Of the 17 reviews, none was classified as having high or 
moderate quality. The quality of the SRs was low in one 
article [29, 37], and critically low in the remaining 16 
studies. Most studies had not established or registered 
a protocol before conducting their review, therefore, it 
was not possible to track or justify deviations from the 
protocol. This introduces a risk of selective reporting by 
the SR authors. We rated studies as ‘no’ in item 7 because 
the authors did not provide enough details regarding 
the included studies. Most studies did not provide a list 
of excluded articles and the exclusion reasons. Lastly, 
regarding item 13, we rated 12 items as ‘no’ because the 
authors did not recognize or discuss the impact of the 
ROB of the primary studies in their results and conclu-
sion. The full AMSTAR-2 rating report is presented in 
Table 2.

Risk of bias and quality assessment tools in the included 
systematic reviews
Thirteen SRs used five different ROB or quality assess-
ment tools, as summarized below in order of frequency. 
Four SRs did not report or perform quality or ROB 
appraisals [26, 35, 41, 43].

Cochrane 7-item criteria
Nine SRs used the Cochrane 7-item ROB assessment cri-
teria [27–29, 36–40, 42]. All nine articles cited the ROB 
assessment criteria published in 2008 by Higgins and Alt-
man [44]. The assessment criteria in this appraisal tool 
are “sequence generation, allocation sequence conceal-
ment, blinding of participants, personnel and outcome 
assessors, incomplete outcome data, selective outcome 
reporting, and other potential threats to validity” [44].

Cochrane 2009 criteria
Two studies used a modified version of the 2009 
Cochrane criteria to assess the overall quality of the evi-
dence [45]. Both studies adapted the seven items pro-
posed by Furlan et al. and added five extra items [23, 24]. 
The twelve assessment items were “adequate randomiza-
tion, allocation concealment, blinding patients, blinding 
caregivers, blinding outcome assessors, incomplete out-
come data addressed (dropouts), incomplete outcome 
data (ITT analysis), free of suggestions of selective out-
come reporting, similarity of baseline characteristics, 
cointerventions avoided or similar, compliance accept-
able in all groups, timing of the outcome assessment sim-
ilar” [24]. Both studies set a threshold of 50% to define 
high quality evidence [23, 24].

Grading of recommendations assessment, development and 
evaluation
Only Bula-Oyola et al.’s study used the GRADE tool to 
summarize the quality of the evidence [46]. They used 
GRADEpro GDT software (gradepro.org/) to assess the 
quality and generate the summary tables [34]. GRADE 
tool assesses the quality of evidence based on the follow-
ing criteria: “risk of bias, inconsistency, indirect evidence, 
imprecision, and other considerations (including publica-
tion bias, large effect, plausible confounding, and dose-
response gradient).” [34]

PEDro scale
Two studies [40, 47] used the PEDro scale to rate the 
methodological quality and risk of bias of the included 
primary studies [48]. The PEDro scale is a 11-item scale, 
appraising the internal validity, statistical reporting, and 
external validity.
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Biophysical agents
In the following sections, a narrative summary of all the 
included biophysical agents is provided in order of the 
frequency. More detailed information can be found in 
Table 3.

Light agents: LLLT, non-laser light therapy
Low-level laser therapy was the most frequently assessed 
intervention, as assessed by 10 of the included SRs [24, 
25, 27, 28, 34, 35, 38, 39, 42, 43]. Among these papers, 
eight SRs addressed only LLLT [24, 25, 27, 28, 35, 38, 39, 

Fig. 1  PRISMA diagram
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43], and two addressed other types of biophysical inter-
ventions as well [34, 42]. Out of these 10 SRs, six con-
ducted a meta-analysis [27, 28, 34, 35, 38, 39]. These 10 
SRs all had critically low quality according to AMSTAR-2.

Favourable evidence: Six SRs with critically low quality 
reported beneficial effect of LLLT compared to placebo 
or manual therapy in pinch or grip strength, symptom 
severity or functional status of CTS population [24, 25, 
27, 34, 35, 49]. Burger et al. specified the effectiveness 
of LLLT to “studies that used 780–860 nm Lasers and 
energy dosages of 9–11 J/cm2 or 10.8 J” for pain reduc-
tion, symptom severity, functional status, and grip 
strength [25]. Only one study supported long-term (3 
months follow-up) effectiveness of LLLT on hand grip, 
VAS, and Sensory Nerve Action Potential in mild to 
moderate CTS, which was mainly according to only one 
primary study [38]. Fallah et al. which assessed LLLT 
effectiveness in ‘peripheral somatosensory neuropathy 
population’, reported that “LLLT accelerated the recov-
ery process of neurapraxia and axonotmesis, improved 
motor neuron electrophysiological parameters and 
improved muscle function, it had a placebo effect on sen-
sory function of patients” [43].

Unfavourable evidence: Four SRs with critically low 
quality reported no benefit of LLLT compared to placebo, 
splint, US, or other interventions, in pain reduction, 
functional status improvement, and other electrophysio-
logical measures (sensory and motor distal latencies, and 
Compound Muscle Action Potential) [24, 27, 39, 42]. Two 
of these studies specifically reported that there was no 
evidence on the long-term effectiveness of LLLT [24, 27]. 
Cheung et al. reported that comparing LLLT + splint to 
splint alone, LLLT does not provide any additional ben-
efit [28]. For non-laser light therapy, two SRs reported 
on the same primary study on polarized polychromatic 
noncoherent light therapy (PPNL) [23, 34]. According to 
their results, no evidence was found for the effectiveness 
of PPNL in short-term improvement of pain or disease 
severity [23, 34].

ESWT
Extracorporeal shockwave therapy was assessed in five 
SRs [23, 34, 36, 37, 40], of which four did a meta-analy-
sis [34, 36, 37, 40]. Four of these SRs had a critically low 
quality [23, 34, 36, 40], and one had a low quality [37]. 
The population was people with radial, ulnar, and median 
neuropathies in one SR [34], and only CTS in the remain-
ing four SRs [23, 36, 37, 40].

Favourable evidence: Four studies with critically low 
quality consistently concluded that ESWT (plus splint) 
could improve symptoms, functional parameters, and 
some electrophysiologic parameters in patients with mild 
or moderate CTS in short and mid-term [23, 34, 36, 40]. 
Li et al. reported the improvement of Compound Muscle 

Action Potential, mean difference = -0.48 (95% CI -0.61 
to -0.35 p < 0.00001) and Sensory Nerve Action Poten-
tial amplitudes, mean difference = -1.56 (95% CI -2.62 to 
-0.50, p = 0.004) following the use of ESWT versus local 
steroid injections [37].

Unfavourable evidence: Li et al. reported no differ-
ence in pain, Boston Carpal Tunnel Questionnaire, 
sensory distal latency, or nerve conduction velocity of 
ESWT compared to local steroid injection [37]. Further, 
they reported superior results in improving motor distal 
latency for local steroid injection, but the effect size was 
small, mean difference = 0.17 (0.10 to 0.25, p < 0.00001) 
[37]. No studies reported the long-term effectiveness of 
ESWT.

Ultrasound
Ultrasound was assessed by five SRs [23, 29, 34, 41, 42], 
of which two conducted meta-analysis [29, 34]. Except 
for one SR with low quality [29], the remaining four SRs 
had critically low qualities [23, 34, 41, 42]. Among these 
five SRs, two were specifically on CTS population [23, 
29], one was on people with radial, ulnar, and median 
neuropathies [34], and two were on adults with MSK dis-
orders of the forearm, wrist, and hand [41, 42].

Favourable evidence: all five SRs consistently reported 
the beneficial effect of ultrasound in improving symptom 
severity, functional status, pain, global rating of improve-
ment, satisfaction with treatment, and other electrophys-
iological measures (sensory and motor distal latencies) 
compared to manual therapy [34], or placebo [23, 29, 41, 
42]. Huisstede et al. 2018 reported short-term effective-
ness of ultrasound compared to placebo or corticosteroid 
injection plus a wrist splint, and mid-term effectiveness 
of ultrasound compared to placebo in CTS population 
[23]. Even though these five SRs used different tools to 
assess the ROB or quality of the primary studies, they all 
reported the quality of the primary studies to be low or 
very low.

Unfavourable evidence: there was no unfavour-
able evidence against the use of ultrasound in the CTS 
population.

MWD or SWD
Overall, three SRs, with critically low quality assessed 
SWD [23, 26, 34], and one SR with critically low quality 
assessed MWD [26]. Among these SRs, one did a meta-
analysis for SWD [34]. The findings of all SRs were from 
low or unclear quality or at ROB primary studies. One 
study was on median, ulnar, or radial nerve population 
[34], one study was on peripheral nerve injuries [26], and 
one on CTS [50].

Favorable evidence: Huisstede et al. reported short-
term effectiveness of continuous SWD versus pulsed 
SWD, or placebo pulsed SWD [23]. Fu et al. reported 



Page 10 of 19Dabbagh et al. BMC Musculoskeletal Disorders          (2023) 24:645 

improvements in pain, hand function, and electrophysi-
ological parameters with using SWD according to three 
RCTs [26]. Further, they reported improvement in pain 
and hand function with no change in electrophysiological 
parameters with MWD according to one RCT [26].

Unfavourable evidence: Bula-Oyola et al. (critically 
low-quality SR) with two primary RCTs found no evi-
dence for the effectiveness of SWD for CTS management 
either in short or long-term [34].

Athermal agents: magnetic field therapy and pulsed 
radiofrequency
Two forms of athermal agents were assessed in people 
with CTS, magnetic field therapy (n = 2 studies) and 
pulsed radiofrequency (n = 1 study) [23, 34]. Both SRs 
were of critically low quality and both the intervention 
were assessed in a limited number of primary studies.

Favourable evidence: no favourable evidence was found 
on the effectiveness of magnetic field therapy (statis, 
dynamic, or pulsed) in the short or long term. For pulsed 
radiofrequency, Huisstede et al. included one high-
quality RCT which assessed pulsed radiofrequency as 
additive to wrist splint [23]. They reported “there is mod-
erate evidence for 1 session of ultrasound-guided pulsed 
radiofrequency added to a splinting regimen in the short 
term.” [23]

Unfavourable evidence: Two SRs found limited and 
conflicting evidence on the effectiveness of magnetic field 
therapy for improving symptoms, function, or electro-
physiological parameters. No unfavourable evidence was 
found for pulsed radiofrequency even though the evi-
dence was very limited.

Transdermal drug delivery: phonophoresis and iontophoresis
Transdermal drug delivery was assessed in three SR’s 
(iontophoresis = 2, phonophoresis = 1) [23, 42]. Both SRs 
had critically low quality and none were able to perform a 
meta-analysis. The population was people with MSK dis-
orders of upper limb in the study by Roll and Hardison 
[42], and CTS in the study by Huisstede et al. [23, 42] The 
evidence was very limited on the effectiveness of trans-
dermal drug delivery for the management of CTS.

Favourable evidence: Both SRs included the same two 
primary studies, one with high and another one with low 
quality. According to the SR by Huisstede et al. “there is 
moderate evidence in favor of phonophoresis versus 0.4% 
dexamethasone sodium phosphate or 0.1% betametha-
sone iontophoresis in the short term.” [23] This was in 
line with the conclusion of the SR by Roll and Hardison 
[42].

Unfavourable evidence: no unfavourable evidence was 
found even though the evidence was very limited.

Heat wrap therapy
Heat wrap therapy was studied in two SRs with critically 
low quality, and no meta-analyses were performed [23, 
42].

Favourable evidence: According to both SRs, based on 
the findings of one RCT with low quality, low-level heat 
wrap therapy (40 C [104 F]) was more effective in manag-
ing pain, stiffness, and grip strength in short term (3-days 
follow-up) compared to oral placebo [23, 42].

Unfavourable evidence: no unfavourable evidence was 
found even though the evidence was very limited.

Electrical stimulations: interferential currents, TENS
Two types of electrical stimulation were studied in a sin-
gle SR in people with CTS. The quality was critically low, 
and no meta-analyses was performed due to the limited 
number of RCTs [23]. Huisstede et al. reported that there 
is moderate quality evidence on the short-term effective-
ness of interferential currents in improving pain and Bos-
ton Carpal Tunnel questionnaire scores when compared 
to TENS or nightly splinting [23].

Citation mapping/matrix
We calculated the CCA index for LLLT, ultrasound, 
ESWT, and SWD/MWD since three or more SRs 
addressed these interventions. APPENDIX III demon-
strates the citation matrix for all the included SRs and 
their interventions, including interventions with less than 
three SRs addressing them.

For LLLT, there were 10 SRs, 28 primary studies, 
reported 98 times. Therefore, the CCA index was 70/280, 
and the overlap of the SRs for LLLT was 25%. Among 
these SRs, Rankin et al., 2017, was the most comprehen-
sive one which covered 22 of 28 reported primary studies 
[39].

For ultrasound, there were five SRs, 17 primary stud-
ies, and reported 29 times. Hence, the CCA index was 
12/68 and the overlap was 17% in the SRs. Among these 
five SRs on the effectiveness of ultrasound on CTS man-
agement, Page et al. (2013) was the most comprehensive 
one (11 primary RCTs) and had the highest quality [29].

For ESWT, there were five SRs, 12 primary studies, 
repeated 29 times. Therefore, the CCA index was 17/48, 
leading to an overlap of 35%. Among the four SRs, Xie et 
al., were the most comprehensive one, including six pri-
mary studies relating to ESWT for the management of 
CTS [40].

For SWD/MWD, there were three SRs, five primary 
studies, reported eight times. Based on these, the CCA 
index was 3/10, and the overlap of the SRs for SWD/
MWD was 30%. The study by Fu et al. 2019 was the most 
comprehensive SR, addressing all the existing primary 
studies reported by all other SRs, except for one primary 
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study which was published a year later in 2020, and was 
captured by Bula-Oyola et al., 2021.

Discussion
This overview identified 17 studies which examined 
the effectiveness of 12 different biophysical agents for 
the management of symptoms of individuals with CTS. 
Overall, there is low to critically low-quality evidence 
demonstrating clinically important usefulness of LLLT, 
ultrasound, ESWT, and SWD. The overall quality of the 
evidence was low to critically low, reflecting lack of pro-
tocol establishment prior to the conduct of the study, not 
reporting on the exclusion reasons, not using a satisfac-
tory technique in assessing the ROB of the primary stud-
ies, not accounting for the ROB of the primary studies 
when conducting a meta-analysis or in discussing their 
findings. In the following paragraphs we will discuss the 
findings for the most frequently assessed biophysical 
agent, in order of frequency.

The findings from the SRs were conflicting regarding 
the effectiveness of LLLT, which makes sense because 
the overlap between the primary studies was only 25%. 
There was low overlap because different SRs had differ-
ent inclusion and exclusion criteria, or searched different 
databases, resulting in different primary studies, contrib-
uting to the conflicting reports of the SRs. Rankin et al.’s 
study, which covered 22 (of the total 28 primary studies 
identified by this overview) and used a validated stan-
dardized ROB assessment tool (Cochrane 7-item ROB 
checklist) [44], reported that 21 studies were at unclear 
or high ROB [39]. They reported “many were not blinded. 
The quality of the studies across outcomes for each inter-
vention was largely very low, and any point estimates of 
effect or harm should be interpreted with great caution. 
Even without this fact, the effect sizes seen were modest 
or small and may not have any clinical relevance.” p.29 
[39]. One certainty confirmed by all SRs is that there is no 
solid high-quality evidence on the long-term effectiveness 
of LLLT in management of CTS. Despite some SRs con-
firming the short-term effectiveness of LLLT, it is unclear 
whether it is superior to splinting alone, placebo, manual 
therapy, or other interventions in the long-term.

Therapists have been using ultrasound in managing 
CTS for a long time, as Watson notes “the use of thera-
peutic ultrasound as an element of physiotherapy prac-
tice is well established, but the nature of that practice 
has changed significantly over the last 20 years.” p.321 
[51]. Overall, based on the included SRs, it appears that 
ultrasound is potentially an effective biophysical agent 
in ameliorating CTS symptoms in the short-term, but 
no dose-response relationship has been identified [29]. 
Results from Page et al. 2013 and Huisstede et al. 2018 
(two studies who only focused on ultrasound and had 
higher quality) consistently show no difference in one St
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ultrasound regimen being superior to another in manag-
ing CTS [23, 29]. Further, the included SRs consistently 
reported lack of evidence on the mid- and long-term 
effectiveness of ultrasound. Hence, more high-quality 
studies are needed to assess long-term effectiveness and 
a potential dose-response relationship.

The included SRs report potential effectiveness of 
ESWT in improving CTs symptoms, some electrophysi-
ological parameters, and functional outcomes in the 
short-term. The findings of the four SRs included in this 
overview, were based on 11 primary studies, mostly with 
high or unclear ROB, and the meta-analyses report small 
effect sizes. When compared with local steroid injec-
tions, no superior results were found for ESWT [36, 37]. 
Similarly, it is unclear if ESWT plus splinting is superior 
to splinting alone in the long-term [36]. Kim et al. 2019 
did a sub-group analysis of the two types of ESWT (radial 
and focused ESWT) and found no significant difference 
between them [36].

According to Fu et al. 2019, only a limited number of 
RCTs focused on the effectiveness of diathermy in the 
management of peripheral nerve injuries, in particular 
CTS [26]. Fu et al. reported on four RCTs on this topic, 
and we found another more recent RCT as captured by 
Bula-Oyola’s SR [34]. Diathermy is believed to increase 
the heat in the deep tissue, and leads to increase in soft 
tissue elasticity, vasodilatation, local blood flow, and 
decreases the muscle spasm [26]. Given this, despite the 
fact that diathermy could be a potentially beneficial bio-
physical agent in CTS, the evidence is scarce; the five pri-
mary RCTs each had fewer than 50 participants in each 
group, with short-term follow-ups.

Other thermal and athermal agents, transdermal drug 
delivery methods, and electrical stimulation had less evi-
dence and were studied in fewer SRs or primary stud-
ies. Even when these modalities were reviewed in two or 
three SRs, our citation mapping indicated that the find-
ings were based on the same primary studies, therefore, 
we could not make comparisons among different SRs. In 
most cases, these primary studies were of low quality and 
with short follow-up periods.

The results of this overview align with those reported 
by the American Physical Therapy Association clinical 
practice guidelines [16]. This guideline advise against 
using low-level laser therapy or other types of non-laser 
light therapy, thermal ultrasound, iontophoresis or mag-
nets in the non-surgical management of individuals with 
CTS. Further, they recommend trialing superficial heat or 
interferential currents for short-term symptom relief and 
application of MWD/SWD within non-surgical interven-
tions for individuals with mild to moderate CTS.

Study limitations
We only included SRs that addressed biophysical agents, 
and no other types of CTS management techniques, such 
as exercise, education, or manual therapy. Acknowledg-
ing the importance of the other management techniques, 
we limited the scope of this overview to focus mainly on 
biophysical agents because of the vast diversity of the 
available techniques. We believe the clinicians would 
have a clearer understanding of the biophysical agents 
when focusing only on this type of intervention. Another 
limitation was that we may have missed studies due to 
the extensiveness of the topic and because the search was 
limited to articles published in peer-reviewed journals. 
To minimize this risk of publication or language bias, 
we developed our search strategy in consultation with a 
health science librarian. Furthermore, we only included 
published systematic reviews. Studies with positive or 
significant results are more likely to be published, while 
studies with negative or non-significant results may be 
underrepresented. This bias could potentially inflate the 
reported effectiveness of biophysical agents in the treat-
ment of CTS and introduce a publication bias.

Lastly, one limitation which is inherent to the design of 
overviews of SRs was that we only relied on the SRs for 
their conclusion of the primary studies. We did not assess 
the quality of the primary studies or their findings. This 
introduces the possibility of misreading by the authors of 
SRs. Also, some primary studies were included in more 
than one SR. To address this, we did a citation mapping 
and added all the primary studies so that readers can eas-
ily find evidence on each biophysical agent.

Conclusion
Biophysical agents are essential tools in managing and 
improving symptoms related to CTS. The large body of 
studies found by this overview reflects on the growing 
importance of these techniques. SWD/ MWD, non-ther-
mal ultrasound, superficial heat, and phonophoresis can 
be used for the short-term relief of CTS symptoms. How-
ever, none of the studied tools were consistently effective 
for improving CTS symptoms in the long-term. More 
high-quality RCTs are needed to confirm these findings.
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