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Abstract

Introduction. Therapeutic ultrasound and electrotherapy are commonly used in physical therapy for musculoskeletal pain (MSP)
management. Combined therapy (CT) is a resource that merges both techniques, enhancing the analgesic effects of both
treatments, although studies are limited. Objective: To determine the effectiveness of CT in physical therapy for the manage-
ment of MSP.

Methods. The PubMed, Web of Science, Scopus, Cinahl, Science Direct, and PEDro databases were searched for randomised
clinical trials (RCTs) (updated June 5, 2024). RCTs comparing CT with other physical therapy treatments for MSP were included.
Thirteen studies met the eligibility criteria, including those of the qualitative synthesis and meta-analysis types. The Cochrane
Rob2 tool was used to assess the articles’ quality.

Results. RCTs were assessed as having a low risk of bias for all RoB2 domains. Although the qualitative synthesis reports
a reduction in pain, an increase in ROM, and less disability in favour of CT, the quantitative analysis only shows large, statisti-
cally significant effect sizes (Cohen’s d) (p < 0.05) for the standardised mean differences (SMD) in pain (SMD = 0.9; Cl = 0.8, 1.1)
and ROM (SMD = -0.93; Cl = —1.1, —-0.8). These analgesic and ROM benefits improve when CT is applied with interferential cur-
rents (Pain: SMD = -1.54; IC = -1.8, —1.3) (ROM: SMD = 2.28; Cl = 1.8, 2.7). Although the analgesic evidence was qualified as
important, the heterogeneity obtained in the studies (1> > 75%) moderates its degree of recommendation.

Conclusions. This SR shows that CT has better analgesic effects than TENS, interferential currents, or therapeutic ultrasound
alone, which supports the idea of a combined analgesic effect. The researchers propose dosage recommendations for clinical
practice and future research.
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Introduction

Musculoskeletal pain (MSP) is one of the leading causes
of disability, affecting more than 1.5 billion people and wors-
ening due to population growth and increased life expectancy
[1]. MSP is characterised by movement limitations and loss
of functional capacity and is caused by traumatic injuries,
overuse, or degenerative diseases [2, 3]. Other alterations,
such as fatigue, depression, and anxiety, appear when these
conditions evolve chronically, which occurs in at least 20%
of cases [1, 4, 5].

The World Health Organization has promoted initiatives
to facilitate rehabilitation due to musculoskeletal disorders,
promoting evidence-based interventions and providing the
resources to develop them [1, 3]. In the same way, the current
MSP management guidelines have placed non-pharmaco-
logical treatments in the first line due to recurrences, side
effects, and dependence on some drugs [4, 6].

Physical therapy deals with MSP, its rehabilitation, and
its deficiencies [7—9]. It includes treatments such as physical
agents, manual therapy, and therapeutic exercise for pain
management, tissue repair, and range of motion improve-
ment in pursuit of functional capacity recovery [6, 10, 11].
Therapeutic ultrasound (US) and electrotherapy, such as
transcutaneous electrical nerve stimulation (TENS) or inter-
ferential currents (ITFC), are supported by evidence for treat-

ing MSP [12-15]. US is a non-invasive resource that uses
mechanical waves with frequencies of 1 or 3 MHz, produced
by the vibration of a transducer, at a power density lower than
3 W/cm2[16, 17]. US presents thermal and mechanical effects
depending on its duty cycle, favouring hyperaemia, collagen
synthesis, and changes in nerve conduction velocity [16, 17].
The analgesic effects of US are related to temperature changes
at the tissue level [12, 16]. TENS and ITFC are two electro-
therapy modalities used for pain reduction by activating sen-
sory fibres (Gate Control theory) or endogenous opioid pep-
tide release [16-19].

Combined therapy (CT) is another intervention described
for MSP [20]. It consists of the combination of US with some
electrical current, commonly TENS or ITFC, although the
equipment allows currents such as 2-5, diadynamic, or fa-
radic [16, 20]. The US acts as an active (mobile) electrode in
addition to emitting mechanical waves, while a static elec-
trode is attached to the patient, closing the circuit. CT ena-
bles tender point identification, represented as areas of in-
creased excitability due to the lower nociceptive threshold
[16]. Tender points are treated by positioning and holding the
US over them until their excitability decreases [20, 21]. CT has
been described to have a greater analgesic effect than either
US or electrotherapy alone, resulting in analgesia by combin-
ing both physical agents, which is interesting due to the an-
algesic potentiation, versatility of the resource (simultaneous
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evaluation and treatment of painful points), possibility of ther-
mal effects with electric current delivery, and in some cases,
the time saving when both agents are required in each treat-
ment [16, 20, 21]. Unfortunately, even though much electro-
therapy equipment allows for its use, CT appears to be un-
known or infrequent in clinics.

Although the analgesic efficacy of CT has been sup-
ported by a few RCTs in conditions such as knee osteoarthri-
tis (OA), fibromyalgia, and myofascial pain syndrome [20—24],
its use in physical therapy is less well-known than individual
US and electrotherapy treatments. So, the objective of this
systematic review (SR) is to examine the available research
on CT and assess its value as a management tool for MSPs.

Design and method
Study design

This SR follows the PRISMA 2020 declaration guidelines
(Preference reporting elements for systematic reviews and
meta-analyses) [25] and was registered in the International
Prospective Registry for SR (PROSPERO) of the National
Institute for Health Research (NIHR) (CRD42022332557).

The PICO acronym (patient, intervention, comparison,
and outcomes) was used to structure the research question
and search algorithm: patients with musculoskeletal pain
treated with CT were compared to another physical therapy
intervention with or without sham CT, with pain reduction as
the main outcome and changes in the range of motion (ROM)
and disability as secondary outcomes.

These outcomes were analysed as continuous data, and
due to the different measurement instruments, the stand-
ardised mean difference (SMD) was used in the meta-analysis
(MT-A) to perform the comparisons. The effect size from the
SMD values was determined by Cohen’s d [26]: less than 0.4
(small effect), 0.4-0.7 (moderate effect), and greater than 0.7
(large effect). An SMD value of 0.5 or greater was considered
a minimally important clinical difference (MCID) [26]. The Hig-
gins 12 statistic was used to assess the heterogeneity between
studies [27]: unimportant (0-30%), moderate (40-50%), high
(60-75%) or considerable (90-100%). The meta-analysis was
performed using Cochrane’s Review Manager 5.4 (RevMan).

RCTs selection

The following inclusion criteria were considered: (1) ran-
domised or controlled clinical trials (RCT); (2) studies in hu-
mans; (3) participants older than 18 years; (4) articles in Eng-
lish or Spanish; (5) studies using CT alone or with another
physical therapy intervention in musculoskeletal disorders;
and (6) comparisons with other physical therapy treatments
with or without sham CT. Moreover, the exclusion criteria con-
sidered were (1) CT treatments in other clinical conditions;
(2) pain associated with neurological conditions or disorders;
(3) studies with abstracts or incomplete texts; and (4) una-
vailable articles.

Search strategy

Three independent researchers (CA-L, CA-LV, and BC-P)
reviewed clinical trials in six electronic databases, with the
last update on June 5, 2024: Medline (via PubMed), Scopus,
Web of Science (WoS), Cinahl, Science Direct, and PEDro.
The search algorithm was constructed using keywords from
the Medical Subject Headings dictionary (MeSH). The fol-
lowing keywords were used to structure the search: ‘Trans-

cutaneous Electric Nerve Stimulation’, ‘Electric Stimulation
Therapy’, ‘Electric Stimulation’, ‘Interferential currents’, ‘Ultra-
sonic Therapy’, ‘Ultrasound therapy’, ‘Musculoskeletal Pain’,
‘Musculoskeletal Diseases’, ‘Myofascial Pain Syndromes’,
‘Arthralgia’ and ‘Pain Management’ with the boolean terms
‘OR’ and ‘AND’, obtaining the search algorithm: (((((“Trans-
cutaneous Electric Nerve Stimulation”) OR (“Electric Stimu-
lation Therapy”)) OR (“Electric Stimulation”)) OR (“Interferen-
tial currents™)) AND ((“Ultrasonic Therapy”) OR (“Ultrasound
therapy”))) AND (((((“Musculoskeletal Pain”) OR (“Musculo-
skeletal Diseases”)) OR (“Myofascial Pain Syndromes”))
OR (“Arthralgia”)) OR (“Pain Management”)) Filters: Clinical
Trial, Randomized Controlled Trial.

Searches for each database were analysed using the
Rayyan platform (https://rayyan.qcri.org). Firstly, article ti-
tles and abstracts were analysed according to the selection
criteria, classifying them into three categories (included, may-
be, or excluded), and later the full texts of relevant articles
were downloaded and reviewed. Any disagreements were
resolved by the principal researcher (HDB-O). Then, each
researcher reviewed the following characteristics of the RCTs:
participant demographics, sessions, assessments, instru-
ments reported, follow-up periods, CT treatment protocol,
and outcomes measured.

RCTs’ quality and risk of bias

RCTs’ quality was reviewed by three researchers (CA-L,
CA-LV, and BC-P), who assessed their indexing to the Evi-
dence-Based Physiotherapy Database (PEDro). For PEDro-
not-indexed RCTs, quality assessment was determined with
the PEDro scale, and any disagreements were resolved as
ateam. RCTs with scores less than 5 were considered low-
quality, while those with scores greater than or equal to 5 were
rated as high-quality [28].

The Cochrane Collaboration’s RoB2 tool was used to eval-
uate the risk of bias using six criteria [29]: (1) randomisation
process bias; (2) bias due to deviations from planned interven-
tions; (3) missing outcome data bias; (4) outcome measure-
ment bias; (5) reported outcome selection bias; and (6) gen-
eral bias. Four researchers (CA-L, CA-LV, DC-A, and BC-P)
reviewed the studies and rated each criterion for them in the
categories ‘high risk of bias’, ‘low risk of bias’, ‘some concerns’,
or ‘unclear risk of bias’ [29]. If no consensus was reached,
a fifth evaluator (HDB-O) was included. Studies with two or
more high risks of bias were of low quality. After the analysis,
box and summary plots were constructed with the Robvis tool
(Figure 1) [30]. The researchers’ RoB2 degree of agreement
was estimated with the Fleiss-Kappa statistic (x = 0.93).

The quality of the evidence for interesting outcomes was
assessed with the recommendation, evaluation, development,
and evaluation (GRADE) grading tool, which rated the col-
lected evidence into high, moderate, low, or very low quality
categories [31]. The guideline development tool (GRADEpro,
GDT) was used to create the results table summary (https://
www.gradepro.org).

Results
Search results

First, a total of 278 articles were obtained from PubMed
(n = 42), Scopus (n = 42), WoS (n = 93), CINAHL (n = 25),
Science Direct (n = 69) and PEDro (n = 7), resulting in 104
articles for analysis when duplicates where resolved. Sixteen
RCTs were obtained after reviewing titles and abstracts (‘pos-
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Figure 1. Risk of bias summary for included RCTs: researchers’ judgement for each criterion is expressed as a percentage
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Figure 2. Flowchart of the included studies
according to the PRISMA 2020 guidelines
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sible’ and ‘included’ categories). Three studies were discard-
ed, resulting in 13 for this SR. The primary reasons for exclu-
sion were the use of CT in healthy subjects (n = 1), case-control
study (n = 1), and an unavailable article (n = 1). Figure 2 pre-
sents the search strategy summary using the PRISMA flow-
chart [25]. Appendix 1 shows the results of the search strategy
for each electronic database.

Quality and risk of bias results

The quality of the RCTs was assessed using the PEDro
scale. 92.3% of the articles were rated as high quality (n = 12),
with scores equal to or greater than five [27], while only was
evaluated as low quality, obtaining three points [32]. Higher
scores were obtained for criteria 2 (random assignment),
4 (baseline comparability), 10 (results of between-group sta-
tistical comparisons were reported for at least one key out-
come), and 11 (the study provides point measures and vari-
ability for at least one key result). Moreover, criteria 3 (concealed
allocation), 5, and 6 (blind treaters and evaluators) presented
the main inconsistencies [27].

The risk of bias assessment is presented in Figure 1: The
randomisation process bias was rated as low-risk with 84.61%
[21-24, 33-39]; the bias associated with deviations from
planned interventions was rated as low-risk with 61.53% [20,
21, 23, 24, 34-36]; missing outcome data bias was rated
as low-risk with 53.8% [20, 22, 24, 34, 37, 38]; selection of the
reported outcome bias was rated as low-risk with 92.3%
[21-24, 33-39]; and the general bias was rated as low-risk
with 0.69% [20-24, 33-39].

Qualitative synthesis

The RCTs’ qualitative characteristics, along with their out-
come measures, are summarised in Table 1. The RCTs were
conducted in Brazil (n = 2), China (n = 1), Korea (n = 1),
Egypt (n = 2), India (n = 1), Israel (n = 1), Hungary (n = 1),
Poland (n = 1), Thailand (n = 2), and the USA (n = 1) between
the years 1997 and 2021. The total participants were 789, with
an average age of 53.16, including 567 women and 205 men,
data that excluded Almeida et al.’s study, which did not re-
port the number of participants according to sex [20]. The
musculoskeletal disorders treated were fibromyalgia (n = 2)
[20, 21], trapezius muscle myofascial trigger points (MTrPs)
(n=4)[24, 32, 33, 36], hip osteoarthritis (OA) (n = 2) [283, 34],
knee OA (n = 3) [22, 35, 37, 38] and lumbar herniated nucleus
pulposus (HNP) [39]. CT was applied to a total of 318 partici-
pants, of whom 252 received the isolated intervention and 66
in conjunction with another treatment: manual therapy (post
isometric relaxation technique, PIR) [34], phonophoresis (PhP)
[24], stretching exercises [24], therapeutic exercises [23, 38],
massage therapy, and balneotherapy [23]. Furthermore, 471
participants served as controls and received treatments such
as TENS in knee OA and HNP [22, 39], US in MTrPs, hip and
knee OA [23, 24, 32, 37], direct and alternating current in fi-
bromyalgia [32], ischemic pressure in fibromyalgia [33], PIR
in hip OA [34], PhP in fibromyalgia and knee OA [38], massage
[283], and therapeutic exercises in hip and knee OA [23, 38]. Six
studies used CT [20, 36, 39], US [283, 24], or sham TENS [35].

CT interventions were applied to upper trapezius MTrPs in
patients with myofascial pain [24, 32, 33, 36], knee and hip
in OA [22, 23, 34, 35, 38], and tender points in fibromyalgia
[20, 21]. Only one study reported a remote application on the
quadriceps femoris in participants with hip OA [37]. Eight
studies (61.53%) used CT-TENS (sensory stimulation, fre-
quency higher than 50 Hz, phase duration lower than 100 ps)

[22—24, 34-37], and four (23.07%) used CT-ITFC (sensitive
stimulation, 4.000 Hz and an amplitude modulated frequency
between 100 and 150 Hz) [20, 21, 38, 39]. Only one study
combined CT with DC and AC [23].

Regarding the US dose, six trials (46.15%) used continu-
ous delivery (100% duty cycle) [20, 23, 24, 33, 35, 38], and
five (38.46%) pulsed emission with duty cycles of 50% [34,
36], 40% [22] and 20% [21, 39]. Two studies did not report
their US parameters [32, 37]. The average number of CT ses-
sions ranged from 6 to 12, although some studies report
a minimum of 1 [21, 24, 32, 39] and a maximum of 40 [22].
The average treatment times ranged from 8 to 10 min, al-
though 20 min was also reported [22].

Main and secondary outcomes

Twelve RCTs (92.30%) report pain assessment as the
main outcome, through changes in pain intensity (PI) or pain
pressure threshold (PPT) [20-24, 32-38]. Pl was assessed
mainly with the visual analogue scale (VAS) [20-23, 32-35,
38] followed by the numerical pain rating scale (NPRS) [37],
the Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC-section A) [22, 38] and the Laitinen
index [34], while the PPT with algometry was assessed [20,
24, 32].

The secondary outcomes included range of motion (ROM)
and disability. Neck ROM through goniometry was reported
for participants with myofascial pain [24, 32, 33, 36], while hip
ROM was measured in OA [34] and HNP [39] through goniom-
etry or an inclinometer. Moreover, disability was assessed in
knee and hip OA using the WOMAC index (overall score) or
the 6-minute walk test (6,,,;) [21-23, 35, 37, 38], while in pa-
tients with fibromyalgia, it was done through the Fibromyalgia
Impact Questionnaire (FIQ) [21]. Additionally, Kiraly et al. [23]
and Kim et al. [22] used the SF-36 questionnaire to assess
the quality of life in OA, while Moretti et al. [21] evaluated sleep
quality using the Pittsburgh Sleep Quality Index. Some studies
report the quantification of the number of tender points and
sleep parameters with polysomnography in patients with fi-
bromyalgia [20, 21] and the quantification of cartilage thick-
ness in patients with knee OA [22].

Eleven studies (84.61%) evaluated outcome changes in
two instances (before and after treatment), reporting average
treatment times of 2 to 4 weeks. Only two studies included
a follow-up evaluation after CT treatment [22, 23].

Table 2 summarises the results and statistical compari-
sons for pain, ROM, and disability between evaluation ses-
sions in CT groups (efficacy) and versus controls at the end
of treatment (effectiveness).

When comparing pre-posttreatment measurements after
an average of 2-4 weeks, a statistically significant decrease
in pain was observed in favour of CT (p < 0.05) for VAS [20-
23, 33-35, 38], PPT [20, 24-32, 36], NPRS [37], WOMAC
(section A) [35], and the Laitinen index [34]. In contrast, Lee et
al. [32] did not report analgesic benefits in the EG for VAS
and PPT once the treatment ended (p > 0.05). Kim et al. [22]
also did not report analgesia during treatment (p = 0.08) but
at they did rest (p = 0.047). Moreover, contradictory results
appear when comparing the baseline with the follow-up eval-
uations, showing a statistically significant pain decrease in
the Kiraly et al. [23] study (follow-up at week 14) (o = 0.001)
and a non-significant change for pain at rest in Kim et al.’s
[22] study (follow-up at week 11) (p = 0.134) [22]. When ana-
lysing the pain changes between groups, contrasting results
appear, with a statistically significant decrease in favour of CT
at the end of the treatment for VAS and PPT in five studies
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(38.46%) (p < 0.05) [20, 22, 24, 36, 38] and without differences
in the other five trials for VAS, PPT, and NPRS [23, 33-35, 37].
Moretti et al. worked with two EGs without a control [21],
whereas Lee et al. [32] did not report intragroup pain changes.

A statistically significant ROM increase was observed in
myofascial pain, hip OA, and HNP evaluated with goniome-
try or an inclinometer (p < 0.05) [24, 33, 34, 36, 39]. Lee et al.
[32] was the only study than did not report differences in ROM
after CT treatment (p > 0.05). Moreover, ROM was not as-
sessed in the studies that considered follow-up [22, 23]. The
intergroup ROM changes are controversial, with no statisti-
cally significant changes in patients with myofascial pain [33]
and hip OA [34], and with significant changes in participants
with neck myofascial pain [36] and HNP [39].

Concerning disability, statistically significant changes are
observed after CT, represented by a decreased WOMAC
score [23, 35, 38], an increase in speed or metres in the 6,
[23, 38], or a reduction in the FIQ score [21]. Follow-up as-
sessments show a statistically significant decrease in the
WOMAC score and an increase in metres in 6,,,, for Kiraly
et al.’s [23] study (p < 0.01), but not for Kim et al. [22], who
reported no change for WOMAC (p = 0.886). Finally, the inter-
group disability also shows controversial findings, including
a higher proportion of studies with no significant difference
between groups (p > 0.05) for WOMAC [22, 23, 35] and 6,
[23, 37] and only one study with significant changes for the
WOMAC (physical function section) (p < 0.01) [38].

Main outcome and meta-analysis

Means were analysed for VAS, PPT, LI, or WOMAC A sec-
tion to assess pain changes. Figure 3 shows the MT-A with
a fixed effects model for differences in Pl at the end of treat-
ment (3A) and four subgroup analyses: Pl after 2—-4 weeks
(3B), PI for follow-up (3C), PI for CT-ITFC studies (3D), and PI
for CT-TENS studies (3E). MT-A included the same author
more than once because many studies reported more than
one measurement instrument to assess pain (Table 2). The
studies by Moretti [21] and Lee [32] were excluded from the
analysis due to the absence of a control and due to methodo-
logical quality and high risk of bias, respectively. Differences
in Pl show a pooled effect in favour of CT.

For Pl at the end of treatment, 20 means were extracted
from nine RCTs (Figure 3A): Almeida et al. (VAS and PPT
before and after sleep) [20], Kim et al. (VAS during treatment,
on movement, and at rest) [22], Kiraly et al. (VAS at rest) [23],
Takla and Rezk-Allah (PPT for MTrPs) [24], Takla (PPT for
MTrPs with CT-ITFC or CT-TENS) [36], Podczarska-Gtowacka
and tysak (VAS and LI) [34], Boonhong et al. (VAS and WOMAC)
[85], Sangtong et al. (NPRS) [37], and Usman et al. (VAS and
WOMAC) [38]. The difference is statistically significant in fa-
vour of CT, but there is statistical heterogeneity (CT = 503;
control = 580; SMD =—-0.93 [95% Cl =-1.07, 0.78], I? = 95%)).

Treatments between weeks 2 and 4 were pooled, as these
were the most common treatment periods. The MT-A included
six RCTs, extracting 14 means with their SD (Figure 3B):
Almeida (VAS and PPT before and after sleep) [20], Kiraly
et al. (VAS at rest) [23], Podczarska-Gtowacka and tysak
(VAS and LlI) [34], Boonhong et al. (VAS and WOMAC A sec-
tion) [35], Takla (PPT in MTrPs with CT-ITFC or CT-TENS)
[36] and Sangtong et al. (NPRS) [37]. CT has a statistically
significant difference with considerable statistical heterogene-
ity (CT = 343; control = 370; SMD =-0.74[95% Cl =-0.92,
—0.57], I> = 95%).

Trials with follow-up assessments were pooled and five
outcomes were obtained from two studies (Figure 3C): Kim
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Table 2. Results and statistical comparisons of the outcome measures in the CT groups between the included studies

°©
<
L
c
2 -value
TO: T1: T2: p-value 3 pva 9]
Qutcome-measurement ) . 5 intergroup —
Study tool baseline post-treatment follow-up intragroup | & after ol
mean + SD mean + SD mean + SD TO-T1 IS} Q )
5 treatment o S
4 = 3
o Q >
T © o)
N 2 | 8
0.32+0.35
PI-VAS (cm) 3.32+0.85 (1 day)
Lee ) 3.02 £ 0.68 .
etal. [32] PPT-ALG (kgf/cm?) 0.02+0.18 (1 day) / > 0.05 / N NE
Cervical SB 30.3+5.36
ROM-GNM (°) 8136 (1 day) N
Pl before sleep-VAS 6.8+14 3.0+21 v v
(cm) (4 weeks) . <0.01*
/ <0.01
Pl after sleep-VAS 74415 28+26 v v
Almeida (cm) (4 weeks) ,
etal. [20] PPT before sleep-ALG 98+04 56+ 1.1 v v
(kgf/cm?) T (4 weeks) , 0.01¢ 0.01*
< U. < U.
PPT after sleep-ALG 57+11
(kgf/cm?) 3.0£01 (4 weeks) Y Y
PI-VAS (cm) 7.0 +0.84 1(-16vie1e-ll)7 Y | N
ng]kka””a"ar / <0.05* / >0.05
Cervical SB 4473 +11.2
ROM-GNM (°) 30.5+7.33 (1 week) Y N
PI-VAS (cm) 3.1+23
CT-ITFC (1 per week) 72+£26 (4 weeks) o162 | T
PI-VAS (cm) 1.6+23
; CT-ITFC (2 per week) 88+ 1.7 (4 weeks) Y
More / <0.001* / NE*
etal. [21] Disability-FIQ (score) 136498 48.8 + 21 v
CT-ITFC (1 per week) e (4 weeks)
0.745
Disability-FIQ (score) 429 +18.7
CT-ITFC (2 per week) 65.1£122 14 weeks) Y
PI-VAS (cm) 56+1.8 (?%?NEJKZ) 0.517 Y N
PI-LI (score) 21+07 (L'sze?(':) 0.610 Y N
Hip flexion 71.0+16.5
ROM-GNM (°) 590124 | 5 ceks) 0783 | Y | N
Podczarska- Hip extension 6.0+13 8.8+1.2 0.938 v N
Glowacka ROM-GNM (°) - (3 weeks) ; 0.001* /
and tysak Hi ; '
p abduction 23.0+4.1
[34] ROM-GNM (°) 17.1+£29 (3 weeks) 0.999 Y N
Hip adduction 235+5.2
ROM-GNM () 18.1+4.7 (3 weeks) 0.996 Y N
Hip external rotation 31.0+43
ROM-GNM () 26.3+4.2 (3 weeks) 0.450 Y N
Hip internal rotation 28.7+5.3
ROM-GNM (%) 241849 | (3 \yeeks) 0885 | Y [ N
PI-VAS (cm) 6.5+ 1.1 é‘ilzeig) 070 | Y | N
Boonhong PI-WOMAC pain 17.3+9.6 N
et al. [35] (score) 30.0+7.0 (2 weeks) / < 0.01 / 0.43 Y N
Disability-WOMAC 1412+32.9 78.1+454 0.61 v N
overall (score) (2 weeks)
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PPT MTrPs-ALG 085+ 0.1 4.48 + 0.39
Takla and (kgf/cm?) G0 £ U (1 day)
Rezk-Allah / <0.01* / <0.01*
[24] Cervical SB ROM-ICM 357417 40.2+1.2
) (1 day)
PPT MTrPs 1-ALG 4.57 £0.57
(kgf/cm?) CT-TENS 0.27+0.18 (4 weeks)
PPT MTrPs 2-ALG 4.73 £ 0.59
(kgf/cm?) CT-TENS 0.73 017 (4 weeks)
Right cervical SD 52.86 + 1.86
ROM-ICM (°) CT-TENS | 389%211 | 7y eeks)
Left cervical SD 53.5+1.87
ROM-ICM () CT-TENS | 28216 | ) ceks)
Takla [36] / <0.01* / <0.01*
PPT MTrPs 1-ALG 2.73 £0.35
(kgf/cm?) CT-ITFC 0.75+0.16 (4 weeks)
PPT MTrPs 2-ALG 2.74 +0.32
(kgf/cm?) CT-ITFC 0.70£0.15 (4 weeks)
Right cervical SD 471 £1.49
ROM-ICM (°) CT-ITFC 35.92+1.93 (4 weeks)
Left cervical SD 46.99 + 1.39
ROM-ICM (°) CT-ITFC | 5623 %217 1 4 ceks)
PI-NPRS (points) 58+1.3 29 £1.7 0.323
Sanat (2 weeks)
angtong / <0.05* /
et al. [37] I :
D|§ab|l|ty Byt 110+ 0.36 1.17 £ 0.39 0551
(gait speed, m/s) (2 weeks)
22+43
PI-VAS (cm) 74+17 (12 weeks)
Usman PI-WOMAC pain 16.97 + 3.4 . .
ot al. [38] (scores) 18.8+2.8 (12 weeks) / <0.05 / <0.01
Disability-WOMAC 45.8 + 9.1
PF (scores) 56.1+74 (12 weeks)
PI during treatment-VAS 4.2 +0.34 1.9+0.21 2.5+0.29 0.080 0.650 0.036*
(cm) (8 weeks) (11 weeks
Plat mOéenT)e”t'VAS 49+0.29 %ézv:egi:s? (21'17;60;2) 0.022* 0.457 | 0.027*
Kim
otel 2 Pl at rest-VAS 30+026 | 1£019 15+0.23 0.047* | 0.134 | 0.759
at rest-VAS (cm) e (8 weeks) (11 weeks) : : :
Disability-WOMAC 35.0 + 3.4 19.1+27 21.7 +3.03 0.055 0.886 0.05
(score) (8 weeks) (11 weeks)
43+22 31+£22 . .
PI-VAS (cm) 6.1+1.8 (2 weeks) (14 weeks) <0.01 0.001 0.689
Kiraly Disability-WOMAC 993.9 £ 532.2 | 787.7 + 366.6 . N
etal. [23] (score) 122033 £4246 | "5 eeks) | (14weeks) | 0023 | 00017 1 0.707
N 338.5 £ 87.0 355.4 + 88.8 . N
Disability-6,, (M) 306.1 + 86.0 (2 weeks) (14 weeks) 0.003 0.0015* | 0.653
Ariel 57.5+17.7 . .
et al. [39] SLR ROM-ICM (grades) 46.3+£12.0 (1 day) / <0.01 / <0.01

Bt — 6-minute walk test, ALG — algometry, CT — combined therapy, ICM — inclinometry, ITFC — interferential current,

FIQ — Fibromyalgia Impact Questionnaire, kgf — kilograms-force, LI — Lattinen index, NPRS — numeric pain rating scale,

Pl — pain intensity, PPT — pain pressure threshold, ROM — range of movement; SB — side bending, SLR — straight leg raising,

TENS - transcutaneous electrical nerve stimulation, T1,T2... TX — evaluations carried out after treatment, US — therapeutic ultrasound,
VAS - visual analogue scale, WOMAC — Western Ontario and McMaster Universities Osteoarthritis Index,

NE+ — not evaluated, Y — yes, N — no; p < 0.05*
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Combined therapy Control Std. Mean Difference Std. Mean Difference
3 A Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Takia 2018 [24) 184 04 25 45 04 75 19%  -560|764,-556) ¢
Takia 2018 [36] 187 013 23 473 06 22 09% -654}8.07,-501) ¢
Takia 2018 (36] 186 017 23 457 06 22 10%  -6.10}7.54,-466) ¢
Lee 1997 [32) 004 032 7302 07 19 00%  -460}6.21,-299)
Almeida 2003 [20) 18 07 2 56 11 8 06%  -3071576,-217) ¢
Almeida 2003 [20) 2 07 9 57 11 8 07%  -3861563,-210) +——
Takia 2018 [36) 187 013 25 274 032 22 23%  -3591454,-264)
am 2019 (22) 22 018 20 316 041 20 24%  -2971390,-205
Takia 2018 [36] 186 017 25 273 04 22 30%  -2851368,-202)
Almeida 2003 [20} 3 o2 8 72 21 8 14%  -100}310,-070) &—
Kim 2019 (22) 19 021 20 247 036 20 36%  -190}2865-114) ——
Almeida 2003 [20) 28 26 8 73 2 8 15% -183}301,-064 &
Podczarska-Glowacka 2016 (34] 1 05 30 16 05 30 68% 118 -1.74,-063) . T
Usman 2019 (38) 22 43 30 62 31 30 70%  -1.05F1.60,-0.51) —
Mukkannavar 2008 [33) 18 12 15 27 12 15 38%  -089}1.65-0.14)
Podczarska-Glowacka 2016 (34] 33 17 30 47 17 30 T74%  -081}1.34,-0.29) ———
¥am 2019 [22] 11 019 20 132 033 20 50%  -0.70}1.34,-0.06) e
Usman 2019 [38] 169 34 30 202 134 30 80% -0.331:0.84,0.18) —
Boonhong 2017 (35) 28 2 3N 28 2 30 82% -0.05 |-0.55, 0.45) S
Lee 1997 [32) 032 035 7 033 04 13 00% -0.021-0.89, 0.84)
Kirdly 2021 [23) 43 22 15 415 224 56 64% 0.07 |-0.50, 0.64) ——
Sangtong 2019 [37) 29 17 74 27 17 74 199% 0.1210.21,0.44) -
Boonhong 2017 (35) 173 96 31 154 77 30 62% 0.2210.29,0.72) I e
Total (95% CI) 503 580 100.0%  -0.93[-1.07,-0.78] *
Heterogeneity. Chi*= 40852, df= 20 (P < 0.00001); F'= 95% + 3 1 LS
Testfor overall effect Z = 12.64 (P < 0.00001) Favours [experimental] Favours [control]
Combined therapy Control Std. Mean Difference Std. Mean Difference
3 B Study or Subgroup Mean  SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% C!
Takla 2018 [36] 187 013 23 47 08 22 13%  -64T|7.99,-498) ¢
Takla 2018 [36] 186 017 23 46 06 22 14%  -B1T[7.62,-4.71) ¢
Almeida 2003 [20) 18 07 9 58 11 8 09%  -397[576,-217) ¢—
Almeida 2003 [20] 2 07 9 57 11 8 10%  -386[563,-210) ¢——
Takla 2018 [36] 187 013 26 27 03 22 33%  -361[4.57,-266] ¢
Takla 2018 [36] 186 017 25 27 04 22 45%  -275(357,-1.94)
Almeida 2003 (20) 3 2 9 72 21 8 21%  -1.90(3.10,-0.70)
Almeida 2003 [20] 28 28 9 73 2 8 22% -183[301,-064) ¢——
Podezarska-Glowatka 2016 [34] 1 05 30 16 05 30 99%  -1.18[1.74,-063) —_—
Podezarska-Glowacka 2016 [34] 33 17 30 47 17 30 109%  -0.81[1.34,-028) v
Boonhong 2017 [35) 28 2 3129 2 30 120% -0.05 -0.55, 0.45) —r
Boonhong 2017 [35) 17 86 31 1577 30 120% 0.02-0.48,0.52) ——
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Figure 3. Forest plots for Pl at the end of treatment (3A), at 2—4 weeks (3B), at follow-up (3C),
at the end of treatment for CT-ITFC studies (3D), and at the end of treatment for CT-TENS studies (3E)
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et al. (VAS during treatment in motion and at rest) [22], and
Usman et al. (VAS and WOMAC) [38]. A statistically signifi-
cant difference for CT with statistical heterogeneity is ob-
served (CT = 120; control = 120; SMD =-1.05 [95% Cl =-1.33,
—0.77], 12 = 87%).

Pain changes using CT with ITFC were analysed with
3 studies and 8 outcomes (Figure 3D): Almeida (VAS and
PPT before and after sleep) [20], Takla (PPT for MTrPS) [36],
and Usman et al. (VAS and WOMAC) [38]. The results show
a statistically significant difference in favour of CT with consid-
erable heterogeneity (CT = 146; control = 136; SMD = -1.54
[95% Cl = -1.84, —1.25], I? = 90%).

Pain changes using CT with ITFC included seven studies
with 13 outcomes (Figure 3E): Kim et al. (VAS during treat-
ment in motion and at rest) [22], Kiraly et al. (VAS at rest)
[283], Takla (PPT for MTrPs) [24, 36], Podczarska-Gtowacka
and tysak (VAS and LI) [34], Boonhong et al. (VAS and
WOMAQC,) [35], and Sangtong et al. (NPRS) [37]. There is a sta-
tistically significant difference in favour of CT and consider-
able heterogeneity (CT = 357; control = 444; SMD = -0.73
[95% Cl =-0.90, —0.57], I2 = 96%).

Secondary outcomes and meta-analysis

The means with their SD were obtained for the different
ROM measurements, while disability is considered by the
WOMAC index and the 6,,,; reported by RCTs. Figure 4 shows
the MT-A with a fixed effects model for ROM and disability
differences at the end of treatment and their subgroup analy-
ses. In some cases, the same trial was analysed more than
once because many studies assessed several ROMs (Table 2).
The study by Lee et al. [32] was excluded from the analysis
due to its low methodological quality and high risk of bias. All
comparisons show a pooled effect for ROM in favour of CT.

End-of-treatment ROM analysis included five RCTs and
13 outcomes (Figure 4A): Takla and Rezk-Allah (neck side
bending) [24], Mukkannavar (neck side bending) [33], Pod-
czarska-Gtowacka and tysak (hip flexion, extension, abduc-
tion, adduction, internal, and external rotation) [34], Takla (right
and left neck side bending for CT-TENS and CT-ITFC) [36],
and Ariel et al. (ROM for the SLR test) [39]. The results show
a statistically significant difference for CT with considerable
statistical heterogeneity (CT = 330; control = 400; SMD = 0.92
[95% Cl = 0.75, 1.09], I? = 94%).

Treatments between weeks 2 and 4 were pooled, as these
were the most common treatment periods. The analysis in-
cluded two studies with ten outcomes (Figure 4B): Podczar-
ska-Gtowacka and tysak (hip flexion, extension, abduction,
adduction, and internal and external rotation ROM) [34], and
Takla (right and left neck side bending for CT-TENS and
CT-ITFC) [36]. There is a statistically significant difference for
CT and statistical heterogeneity (CT = 276; control = 268;
SMD = 0.71 [95% Cl = 0.52, 0.91], I? = 95%).

ROM changes using CT-ITFC included two studies with
three outcome measures (Figure 4C): Takla (right and left
neck side bending) [36], and Ariel et al. (ROM with SLR test)
[39]. The results show a statistically significant difference for
CT and high heterogeneity (CT = 64; control = 86; SMD =2.28
[95% CI = 1.83, 2.73], I? = 86%).

Four trials considered ROM changes using CT-TENS with
ten measures (Figure 4D): Takla and Rezk-Allah (neck side
bending) [24], Mukkannavar (neck side bending) [33], Pod-
czarska-Gtowacka and tysak (flexion, extension, abduction,
adduction, hip internal and external rotation) [34], and Takla
(right and left neck side bending) [36]. There is also a statisti-
cally significant difference in favour of CT and considerable

heterogeneity (CT = 271; control = 269; SMD = 0.63 [95%
Cl =0.45, 0.82], 12 = 94%).

Figure 4 shows a fixed-effects model for disability chang-
es at the end of treatment (4E) and subgroup analysis with
CT-TENS (4F). MT-A included the same author more than
once because some studies reported more than one instru-
ment for disability changes (Table 2). Disability analysis for
CT-ITFC was not performed as there was only one trial [38].
Both disability comparisons show non-significant results that
do not favour either group.

For disability, five RCTs and six measures were consid-
ered (Figure 5A): Kim et al. (WOMAC score) [22], Kiraly et al.
(WOMAC score and 6BMWT metres) [23], Boonhong et al.
(WOMAC score) [35], Sangtong et al. (6,,,,; gait speed) [37],
and Usman et al. (WOMAC score) [38]. There was consid-
erable heterogeneity with a non-significant difference between
groups (p = 0.25) (CT = 185; control = 266; SMD = 0.12
[95% CI = -0.08, 0.32], I> = 90%).

Disability changes using CT-TENS considered the same
studies and outcomes described above, excluding only the
study by Usman et al. because it used CT-ITFC (Figure 5B).
There is statistical homogeneity with no significant differ-
ences between groups (p = 0.33) (CT = 155; control = 236;
SMD =-0.10[95% CI =-0.32, 0.11], I = 0%).

5A 0T SE(SMD)

0.2+
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5B 07 SE(SMD)

0.1+
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2 ' 0 a 2
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1 + { + ' ' >
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Figure 5. Funnel plots for outcomes of interest: PI (5A),
ROM (5B), and disability (5C)
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Table 3. Evidence quality by GRADE using CT for pain management, ROM improvement, and disability decrease at the end of treatment

Certainty assessment No. of patients Effect
no. of | study risk . . o . N ol anilles other physical | relative absolute Certainty | Importance
tudies| desi of inconsistency | indirectness |imprecision iderati th therapy
studies| design bias considerations erapy intervention (95% C|) (95% C|)
1A. Pain intensity at end of treatment
SMD 0.93 ®
not publication lower _
10 RCTs o serious® not serious® | serious® | bias strongly 503 580 - importanti
serious suspected® (SD 1.07 lower |  very
to 0.78 lower) low
1B. Pain intensity at end of treatment using CT-ITFC
SMD 1.54
publication lower ©o
not . ) ) ) ) )
3 RCTs e serious® not serious® | not seriousf| bias strongly 146 136 - important!
serious suspected® (SD 1.84 lower low
to 1.25 lower)
1C. Pain intensity at end of treatment using CT-TENS
o SMD 0.73 @
not publication lower _
8 RCTs o serious® not serious® | serious® | bias strongly 357 444 - importanti
serious suspected® (SD 0.9 lower very low
to 0.57 lower) v
2A. Changes in ROM at end of treatment
SMD 0.92
publication more @
not . ) ) ) ) )
6 RCTs o serious® not serious® | serious® | bias strongly 330 400 - importanti
serious suspecteds (SD 0.75 more to| ~ very
1.09 more) low
2B. Changes in ROM at end of treatment using CT-ITFC
SMD 2.28
publication more o9
not e
2 RCTs o serious® not serious® [not serious"| bias strongly 64 86 - criticall
serious suspecteds (SD 1.83 more low
to 2.73 more)
2C. Changes in ROM at end of treatment using CT-TENS
SMD 0.63 ®
publication more
not . ) ) - .
4 RCTs o serious® not serious® | serious® | bias strongly 271 269 - important®
serious suspecteds (SD 0.45 more |  very
to 0.82 more) low
3A. Changes in disability at end of treatment
SMD 0.12 o0
not ) ) . more )
5 RCTs . .| serious® not serious® |  serious? none' 185 266 - not important'
serious (0.08 fewer low
to 0.32 more)
3B. Changes in disability at end of treatment using CT-TENS
SMD 0.1 P
not i ) ) lower )
4 RCTs . .| notserious' | not serious®| serious? nonel 155 236 - not important!
serious (SD0.32 higher | e
to 0.11 higher)

Cl - confidence interval, RCTs — randomised controlled trial, SMD — standardised mean difference

(a) The risk of bias has been identified as not very serious with the Cochrane RoB2 tool, showing as a result a low risk of bias (greater than
50%) for all its domains: bias due to the randomisation process (84.6%), bias due to deviations from interventions (61.5%), missing
outcome data bias (53.8%), outcome measurement bias (92.3%), reported outcome selection bias (92.3%), and overall bias (69.2%)

(b) The value for the Higgins I? test results in a value greater than 75%. In addition, even though the estimation points are loaded in favour
of the CT, there is considerable variation in the results with a wide Cl (95%), and for several studies, they crossed the ‘no effect’ line

(c) The indirectness was assessed as not serious because the studies directly compared the interventions and outcomes. All the studies
included in the meta-analysis consider the population, the intervention, the comparison groups, and the report of the outcome;

(d) The range of the confidence interval was used as a criterion to assess the imprecision as well as the crossing of the line of no effect.
Some studies show ClI ranges that cross the line of no effect

(e) Egger’s regression test applied to pain intensity confirms the presence of publication bias (p-value < 0.04)

(f) The range of the confidence interval was used as a criterion to assess the imprecision as well as the crossing of the line of no effect.
Only one study shows CI ranges that cross the line of no effect

(9) Egger’s regression test applied to pain intensity confirms the presence of publication bias (p-value < 0.09)

(h) The range of the confidence interval was used as a criterion to assess the imprecision as well as the crossing of the line of no effect.
No study shows results for MDS that cross the line of no effect

(i) Egger’s regression test applied to pain intensity confirms the absence of publication bias (p-value > 0.78)
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Publication bias

Figure 5 shows the funnel plots for PI (5A), ROM (5B) and
disability (5C) for the RCTs. The figure shows a distribution
for each outcome measure (SMD) extending from the mid-
funnel to its top, indicating good or fair precision given by the
homogeneous sample sizes. However, an asymmetric SMD
distribution for PI, ROM and disability appears together with
effect sizes outside the confidence interval (Cl = 95%) or that
come across the no effect line. Egger’s regression test con-
firms publication bias only for PI (p-value = 0.04) and ROM
(p-value = 0.09), which is an indicator of a small study effect,
while for disability, publication bias was not significant (p-val-
ue = 0.78).

Table 3 depicts the GRADE quality of evidence for CT for
Pl decrease, ROM increase, and disability. Analgesic effective-
ness for pooled (CT-TENS or CT-ITFC) and all RCTs has been
assessed as important because of the effect size obtained
(SMD > 0.7), although with very low or low certainty due to
inconsistency (12 > 75%) and imprecision (large Cl for SMD
values across studies). Similarly, the effectiveness of analgesic
CT is supported, with the best evidence in favour of CT-IT-
FC. Moreover, the ROM increase evidence has been valued
as important and critical due to the large effect sizes (SMD >
0.8), especially for CT-ITFC (SMD = 2.28), which furnishes
proof that it could be of higher quality if the inconsistency
were less. Because of its low or moderate certainty, small ef-
fect sizes (SMD = 0.2), inconsistency, and impression, dis-
ability decrease have been rated as unimportant.

Discussion

CT is a physical therapy resource used for the MSP in
conditions such as MTrPs, fibromyalgia, and OA. Its analgesic
effects are due to simultaneously combining US with TENS,
ITFC, or other low-frequency currents [21, 24, 35-38]. The
efficacy of US, TENS, and ITFC for MSP management is
supported by evidence when these treatments are applied
individually [15, 26, 40, 41], which provides a framework for
CT, whose analgesic effects are eventually greater with the
combination of two interventions [16, 20, 21]. As a result, this
SR was created to evaluate the effectiveness of CT for MSP
management, which was accomplished through an MT-A of
thirteen RCTs with Pl as the primary outcome and ROM and
disability as secondary outcomes.

The methodological quality of the RCTs was satisfactory,
obtaining a high risk of bias for a single study [32], and a low
risk of bias for all domains of the RoB.2 instrument in twelve
RCTs [20-22, 33-39]. However, some biases due to devia-
tions from planned interventions and missing data were iden-
tified as unclear but with low weighting [29]. This highlights
the internal validity of the included studies [29, 30], and it is
also consistent with the score rated by PEDro [28].

Twelve studies considered Pl changes as the main out-
come, six additionally considered changes in ROM, and five
considered changes in disability through scales or functional
tests. The qualitative synthesis shows analgesic benefits for
CT together with increased ROM and decreased disability;
however, the quantitative analysis only supported the anal-
gesia and ROM increase, showing a greater effect size for
both outcomes in favour of CT [42]. This upholds the CT’s
analgesia over interventions such as US and ischemic pres-
sure in MTrPs [32, 36] or TENS or PIR in patients with OA of
the hip or knee when the interventions are compared sepa-
rately [22, 32-37]. Also, analgesic effects are observed when
CT is added to interventions such as PhP, massages, balneo-

therapy, stretching, or strengthening exercises for the same
conditions [23, 24, 38], promoting its use in a physical therapy
plan. These findings suggest an enhanced analgesic effect
due to the modulation or removal of pronociceptive mediators
by US vasodilatation, as well as the release of endogenous
opioid peptides, activation of downstream modulator systems
(noradrenergic or serotonergic), or inhibition of nociceptive
transmission via the gate control mechanism produced by
electrotherapy [18, 19, 43]. Although CT shows favourable
results, its greatest benefits are achieved with ITFC, which
is probably due to its greater depth and more comfortable
perception compared to TENS due to the lower electrical
resistance of tissues [44, 45]. So, CT’s advantages are its
greater depth due to US frequencies (1 or 3 MHz) and the
choice of different electrotherapy modalities (depth propor-
tional to current frequency), demonstrating greater depth
than TENS or ITFC alone [45].

CT favours tender points scanning, which responds more
excitably to low current intensities due to the lowering of their
threshold (hyperalgesia) [24, 33, 36]. This allows the clini-
cian to identify a greater number of hyperresponsive points
during treatment, as opposed to traditional electrotherapy
applications, whose effects tend to be more local [33, 36].
Another analgesic mechanism involves painful point desen-
sitisation, which occurs because of the constant depolarisa-
tion-repolarisation cycles induced by electric current [22, 24].

Despite the favourable analgesic efficacy, publication bias
and the heterogeneity obtained for the metadata when ana-
lysing pain changes should be considered, which may be
due to possible differences in sample sizes and the variability
of results between studies [27]. This led researchers to rate
the quality of the analgesic evidence as important due to the
large effect size, but with low certainty [31].

Moreover, an increase in ROM was observed for partici-
pants with fibromyalgia, knee OA, and HNP after ending treat-
ment with a large effect size [24, 34, 36, 39]. These trials re-
port on CT at the muscular level (upper trapezius, femoral
quadriceps, and paravertebral musculature) for improving neck
and hip ROM [24, 34, 36, 39]. Protective muscle spasms
accompanied by local ischemia are common in many painful
conditions, accompanied by the sensitisation of free nerve
endings and, therefore, a greater nociceptive load, a situation
described as the ‘muscle spasm-pain cycle’ (MSPC) [46].
CT can interrupt MSPC by desensitising tender points and
promoting muscle relaxation, decreasing both nociception
sources [24, 33, 36]. Muscle relaxation is due to the thermal
effects of the US, especially for duty cycles equal to or greater
than 50%, as applied in the MTrPs and hip OA studies [24,
34, 36]. As a deep thermotherapy, US induces muscle relaxa-
tion by increasing viscoelasticity, activating the Golgi ten-
don organ, and inhibiting the neuromuscular spindle [47].
The above make CT a versatile technique for different con-
ditions, combining the analgesic effects with those of deep
thermotherapy [21, 22]. Although an improvement in ROM
is observed, more relevant results are found for CT-ITFC,
which probably occur due to the lower tissues’ electrical re-
sistance for medium-frequency currents (1,000-10,000 Hz)
than low ones, which is key to reaching the muscle more
easily [15, 44]. Likewise, publication bias and heterogeneity
must be considered, which could lead to underestimating or
overestimating the results. They were considered to deter-
mine the degree of evidence quality, assessing it as critical or
important due to the large effect size but low certainty [27, 31].

Regarding disability, no differences were observed be-
tween groups, with small effect sizes for CT [42]. Disability
assessment is valuable because it translates functional
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changes from treatment independent of the techniques, such
as CT, which focuses more on analgesia [48]. It should be
noted that functional improvements for this type of technique
are generally indirect due to decreased pain and improved
ROM [21, 22, 24]. A possible explanation for the less clear
benefits may be that many studies used CT alone without the
addition of interventions with greater functional impact [20—
22, 32, 33, 36, 37, 39], such as, for example, therapeutic ex-
ercises [49, 50]. Then, CT in the absence of another more
specialised therapeutic intervention might not be enough to
achieve functional changes, so an application complemented
with therapeutic exercises is suggested. Because of the small
effect size, the quality of the evidence for disability decrease
was rated as unimportant. Moreover, certainty was rated as
moderate for CT-TENS due to the absence of heterogeneity
and low publication bias, which provide enough information
not to recommend it for disability reduction.

It is increasingly common for functional changes to be
reported by the patients themselves (patient-reported out-
comes measures, or PROMs). PROMs commonly consist of
self-report instruments used in clinics, trials, and clinical reg-
istries that allow patients to report on their quality of life, daily
functioning, symptoms, and other aspects of their health [51].
Examples of PROMs are the WOMAC index, SF-36, and FIQ,
which were used by the RCTs in this review and are sup-
ported by their reliability (WOMAC 1CC:0.84; SF-36 ICC:0.95;
FIQ ICC:0.83) [52, 53]. However, one disadvantage of these
and similar instruments is the presence of Hawthorne effects,
a psychological response phenomenon that can modify be-
haviour and condition the responses of participants who are
aware that they are being studied [54]. To minimise these
sources of bias, there is the anonymity of the answers or hid-
den examination strategies (without the presence of the ex-
aminer), which can be reported in a study [54, 55].

Even though CT shows analgesic effectiveness, some dis-
crepancies in its parameters are observed between studies
(especially for US therapy). Likewise, it was possible to estab-
lish some dosage recommendations:

1. For CT-TENS: electrical current: sensory stimulation,
frequency between 80 and 100 Hz, phase duration between
50 and 80 ps. US: 1 MHz, duty cycle between 20 and 50%,
and a power density between 0.5 and 2.5 W/cm?.

2. For CT-ITFC: electrical current: sensory stimulation,
carrier frequency of 4,000 Hz, AMF of 100 Hz. US: 1 MHz, duty
cycle between 20 and 50%, and power density between 0.5
and 2.5 W/cm2.

The treatment times in the studies ranged from 5 to 10 min,
with the most frequent number of sessions being between
10 and 12. In addition, it seems that the therapeutic benefits
are better when CT is used with ITFC than TENS, which could
be associated with greater depth and comfort with medium-
frequency electrotherapy [15, 44]. Similarly, most of equip-
ments allows CT applications to be configured with other
electrical currents, such as Trabert, Diadynamic, or Faradic,
achieving other therapeutic benefits because, due to their
biophysical properties, they can induce greater or lesser de-
grees of electrochemical effects typical of galvanic currents,
which ITFC and TENS cannot achieve that [56].

Finally, it is suggested for new trials to use the dosages
recommended by the researchers due to the good analgesic
results reported, and to consider new therapeutic applica-
tions with other electric currents.

Limitations for this SR

This SR was the first to evaluate the analgesic effective-
ness of CT in MSP using the PRISMA method to assess and
report the evidence. The researchers highlight the protocol
registration in PROSPERO and the determination of the qual-
ity of the evidence according to GRADE. Moreover, the fol-
lowing limitations are recognised: (1) Although six databases
were reviewed, only articles in English and Spanish were
included, so articles in other languages cannot be ruled out
considering that many of the RCTs were conducted in India,
Thailand, Egypt, Poland, or Korea; (2) Despite the benefits
observed in meta-analysis and reported by the studies, the
heterogeneity obtained for Pl and ROM can reduce the de-
gree of CT recommendation; (3) The researchers acknowl-
edged the existence of one other CT study but were unable
to obtain it.

Conclusions

CT is a technique that combines US with electrotherapy,
usually low- and medium-frequency currents, the most com-
mon being TENS and ITFC. Its practice is supported by the
combination of the analgesic effects of electrotherapy and
the thermal or mechanical effects of US, achieving greater
therapeutic benefits and different depths than the same tech-
niques separately. Furthermore, it is a technique that allows
for both evaluation and treatment in the same session. Despite
being available in many electrotherapy devices, it seems to
be less well known than resources such as TENS and ITFC.
This ignorance may be due to the lack of professional training
and to the scarcity of scientific articles on the subject. This
motivated the researchers to develop the first CT SR to as-
sess the efficacy of this resource.

CT decreases pain and increases ROM in conditions such
as fibromyalgia, MTrPs, and OA when applied alone or in
combination with other treatments, showing greater effective-
ness than TENS, ITFC, US, massage, or exercises. Although
the quality of the evidence was assessed as important, the
heterogeneity of the trials affected their degree of recommen-
dation. Moreover, CT appears to improve functionality when
applied in conjunction with other treatments, such as exer-
cise, but not by itself; this is encouraging because the primary
focus is analgesia, situating it as a complementary resource
when it comes to improving the functionality.

Finally, this review shows the need to develop new CT
clinical trials, combining it with other low-frequency currents,
for MSP management considering that electrochemical ef-
fects can be exploited and that, combined with US, could be
interesting. It is recommended to use the doses proposed in
this review for clinical applications of CT-ITFC or CT-TENS.
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Appendix 1. Search strategy (last updated June 5, 2024)

Key words PubMed | Scopus | WoS | CINAHL SS:?:;e PEDro Total
S “Transcutaneous Electric Nerve Stimulation” 5,965 5,449 389 2,719 781 1184,133
S2 “Electric Stimulation Therapy” | 22,457 19,462 372 16 252 681,919
S3 “Electric Stimulation” | 140,369 127,173 4,200 12,447 13,077 297,266
S4 “Interferential currents” 49 394 53 31 577 1104
S5 S1ORS2ORS30OR S4| 145,183 | 131,717 4,599 14,975 14,214 310,688
S6 “Ultrasonic Therapy”| 10,577 9,682 294 3,007 834 1151,266
S7 “Ultrasound therapy” 1,216 13,410 1,422 2,379 2,569 20,996
S8 S6 ORS7| 11,219 15,686 1,679 3,175 3,243 35,002
S9 “Musculoskeletal Pain” | 11,653 19,948 14,727 4,894 20,973 72,195
S10 “Musculoskeletal Diseases”| 18,515 48,085 10,173 12,329 10,138 99,24
S11 “Myofascial Pain Syndromes”| 2,199 3,156 331 1,739 2,871 340,965
S12 “Arthralgia”| 17,513 75,973 7,719 5,142 47,599 153,946
S13 “Pain Management” | 81,677 63,508 53,813 36,975 81,091 317,064
S14 S9 OR S10 OR S11 OR S12 OR S13| 127,477 200,91 85,073 58,703 153,073 625,236
S15 S5 AND S8 AND S14 42 42 93 25 69 7 278

Search algorithm used for formal databases: (,Transcutaneous Electric Nerve Stimulation” OR ,Electric Stimulation Therapy” OR ,Electric
Stimulation” OR ,Interferential currents”) AND (,Ultrasonic Therapy” OR ,Ultrasound therapy”) AND (,Musculoskeletal Pain” OR ,Musculo-
skeletal Diseases” OR ,Myofascial Pain Syndromes” OR ,Arthralgia” OR ,Pain Management”)
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