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Abstract

Background: Congenital muscular torticollis (CMT) is the third most common musculoskeletal disease in children. Wit®
standardized treatment method hence, so it is necessary to find an effective treatment method that can be received comfortably
by children. This review assessed the efficacy of an external treatment of herbal medicine (ETHM) with tuina for CMT in children.

Methods: This study searched the English, Chinese, and Korean databases (total of 10) until June 7 2022, without any language
restrictions. All included studies were randomized clinical trials (RCTs) of ETHM with tuina as an intervention comparted to the
same tuina alone according to the inclusion and exclusion criteria. The mean differences (MD), standardized mean differences
(SMD), risk ratio (RR) with the 95% confidence interval (Cl), and risk of bias (ROBs) were calculated using Review Manager Version
5.4 software. The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) rating system was used to
assess the quality of evidence. The publication bias was evaluated using a funnel plot, the Egger test, the fail-safe N test, and the
Duval and Tweedle's trim and fill method using Review Manager Version 5.4 software, the software R Version 4.1.1 and R studio
Version 1.4.1106 program.

Results: Nineteen RCTs with 1710 patients were included in the meta-analysis. ETHM plus tuina improved the outcomes of the
total effective rate (TER) [RR 1.21, 95% Cl:1.15 to 1.26, P < .001], sternocleidomastoid (SCM) muscle thickness [MD: —1.82, 95%
Cl: —2.23 to —-1.41, P < .001], cervical rotation range [MD: 13.43, 95% CI: 10.41-16.45, P < .001] and lateral flexion range [MD:
8.50, 95% Cl: 6.15-10.85, P < .001], tissue elasticity grade [SMD: —0.46; 95% Cl: —0.71 to —0.22, P = .0002], muscle elasticity
scores [RR: 1.56; 95% CI: 1.04 to 2.34, P = .03], and clinical symptom and sign scores [SMD: —-0.78; 95% Cl: —1.09 to —0.47,
P < .001].

Conclusions: ETHM plus tuina have a combined effect on CMT children. However, further studies with high-quality clinical trials
are needed to obtain more robust clinical evidence.

Abbreviations: Cl = confidence interval, CMT = congenital muscular treatment, ETHM = external treatment of herbal medicine,
GRADE = Grading of Recommendations Assessment, Development, and Evaluation, MD = mean differences, RCT = randomized
controlled trial, RR = risk ratio, SCM = sternocleidomastoid, SMD = standardized mean differences, TER = total effective rate.

Keywords: congenital muscular torticollis, external treatment, herbal medicine, meta-analysis, pediatrics, systematic reviews, tuina

The sternocleidomastoid (SCM) muscle originates from the
manubrium of the sternum and the clavicle and attaches to the

1. Introduction

Congenital muscular torticollis (CMT), synonymous with wry-
neck!!' and twisted neck,?! is one of the third most frequent mus-
culoskeletal disorders in neonates. The reported prevalence of
CMT ranges from 3.9% to 16%.134
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mastoid process of the temporal bone. The main function of
the muscle is rotating the head to the opposite side and flexing
the neck. If there is unilateral tightness or shortening in SCM
muscle, the infant’s head loses balance, tilts to one side, and
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rotates to the contralateral side with a restriction of the passive
and active cervical range of motion.’ CMT is usually diagnosed
by the clinical symptoms. Ultrasonography is the initial imag-
ing method for assessing the severity of muscle fibrosis and
comparing the difference in the thickness of the SCM muscle
on both sides.l! Magnetic resonance imaging can determine if
there is a non-muscular cause or not.”! Approximately 50% of
CMT cases are confirmed within 2 to 3 weeks to 2 months after
birth.! Early intervention should be started as soon as possi-
ble when asymmetry is noticed to prevent secondary compli-
cations, such as positional plagiocephaly, facial deformity, and
scoliosis.®]

Because surgical treatment is considered after 12 months,!'%
conservative treatments, such as alternative and complemen-
tary therapy, are performed first. Usually, traction therapy,
kerotherapy, acupuncture, small needle knife, paraffin therapy,
and other physical therapy are performed based on tuina.!'!!
Among the various inventions, the topical application of tra-
ditional herbal medicine is one of the treatment methods for
musculoskeletal disorders such as wounds, bruises, cramps, and
muscle pains.!'”! External therapy of herbal medicine (ETHM)
plus tuina, which is used widely in Asian countries, can be an
improved curative effect. It has the advantages of safety and
non-invasiveness, relatively low cost, no age limit, and high
acceptance by parents.!'3]

Previously, a systematic review and meta-analysis of tuina for
CMT reported that tuina has similar effects to stretching ther-
apy and is more effective when combined with ultrashort wave
therapy or function training.!'* On the other hand, there are
few reports on the efficacy of tuina with ETHM. This review
systematically evaluated the enhancing effect when combined
ETHM and tuina for CMT.

2. Methods

2.1. Protocol and registration

This systematic review and meta-analysis followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines.!’’! The protocol of this review was registered with
INPLASY (registration number: INPLASY202210017) on
January 5, 2022 and published in the Medicine Journal on
March 11, 2022.0%

2.2. Eligibility criteria

2.2.1. Types of studies. Only randomized controlled trial
(RCT) of ETHM combined with tuina for treating of CMT
were included. Non-RCTs, RCT protocol, animal studies, case
reports, surveys, and reviews were excluded.

2.2.2. Types of participants. Children aged zero to two years
diagnosed with any type of CMT were included. The exclusion
criteria were as follows: patients with torticollis caused by other
diseases, such as skeletal torticollis, compensatory torticollis
due to atlantoaxial joint subluxation, visual impairment,
hearing impairment, and neurotic torticollis due to cervical
muscle paralysis; those with severe organ dysfunction and
complications, such as heart, liver, and kidney.

2.2.3. Types of interventions. The interventions of the
experimental group included tuina therapy plus ETHM:
no limitation of the number of herbs, formulation, dosages,
duration, and whether to use heat stimulation or steam
fumigation.

2.2.4. Types of comparisons. The interventions of controlled
groups included only the same tuina methods as the experimental
group. There were no restrictions on the type of tuina, and
whether to use powders as a tuina medium (e.g., talcum
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powder), but combined with magnetic therapy or physiotherapy
was excluded.

2.2.5. Types of outcome measure. The primary outcomes
were the total effective rate, the thickness of the mass in the
SCM muscle, and the cervical range of the motion of rotation or
lateral flexion of the affected side. The secondary outcomes were
symptom scores and grade (e.g., tissue elasticity grade, muscle
elasticity scores, clinical symptoms and scores), recurrence rate,
and adverse events.

2.3. Information sources

2.3.1. Data sources. The following ten electronic databases
were searched, without any language and year restrictions
until June 7, 2022: three English databases (PubMed, Excerpta
Medica data BASE, and the Cochrane Central Register of
Controlled Trials), three Chinese databases (China National
Knowledge Infrastructure, Chinese Scientific Journal Database,
and Wan Fang Database), and four Korean medical databases
(Oriental Medicine Advanced Searching Integrated System,
Korean Studies Information Service System, Science On, and
Research Information Sharing Service).

2.3.2. Search strategy. The search terms were as follows:
(“wry neck” OR “twisted neck” OR “torticollis” OR “cervical
dystonia” OR “CMT” OR “congenital muscular torticollis”)
AND (“herbal medicine” OR “herb” OR “decoction” OR
“remedy” OR “Chinese medicine” OR “Korean medicine”
OR “Kampo” OR “formula” OR “herbal drug” OR “herbal
medicine” OR “plant” OR “Chinese drug” OR “Chinese
prescript” OR “Chinese materica” OR “traditional medicine”
OR “traditional Chinese medicine” OR “East Asian
traditional medicine” OR “external” OR “application”). Slight
modifications of the search terms were used for each database
using each country’s language. In addition, this study excluded
the gray literature, unpublished papers, and ongoing clinical
trials for more accurate and core results. The total search strategy
was attached separately (see Supplement File 1, Supplemental
Digital Content, http:/links.lww.com/MD/I23, Search strategy
for each database).

2.4. Study selection and data extraction

2.4.1. Study selection. Two review authors (E.J.K. and J.Y.C.)
searched the literature by retrieving the title and abstracts
first, full-text finally. The two reviewers (E.J.K. and ].Y.C.)
independently performed the same process and crosschecked
according to the selection criteria. Disagreements between
the two reviewers (E.J.K. and J.Y.C.) were resolved through
consultation, but if there was still a lack of consensus, a third
reviewer (S.Y.M.) was involved to reach an agreement.

2.4.2. Data extraction. Two reviewers (E.J.K. and ].Y.C.)
independently extracted data from the included studies. In the
case of discrepancies in the data extraction results, agreement
was reached through discussion among all authors. The data
extracted in detail are as follows.

(1) study design: year of publication, first author name, sam-
ple size, total treatment periods, and follow-up periods;

(2) patient characteristics: age, gender, and type of CMT;

(3) intervention: ETHM (formulation, administration, treat-
ment duration, composition of herbal medicines, caution),
and frequency of herb;

(4) comparators: tuina (target muscles or acupoint, manipu-
lations, tuina massage medium, treatment duration, addi-
tional education);

(5) outcome measurement and intergroup differences
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2.5. Assessment of risk of bias

Methodological quality within a study was assessed inde-
pendently by two review authors (E.J.K. and J.Y.C.) using the
Cochrane risk of bias tool!”: random sequence generation,
allocation concealment, blinding of participants and person-
nel, blinding of outcome assessment, incomplete outcome data,
selective reporting, and other biases into three levels (low,
unclear, and high). Disagreements were resolved through discus-
sion among the authors (E.J.K., J.Y.C., and S.Y.M.).

2.6. Statistical analysis

Review Manager (Revman) software (version 5.4, the Cochrane
Collaboration, London, UK) was used to perform the meta-anal-
ysis. The data were summarized using the risk ratio (RR) with
95% confidence intervals (CI) for the dichotomous outcomes
and standard mean difference (SMD) or mean difference (MD)
with 95% ClIs for the continuous outcomes. Descriptive analysis
was conducted when the number of reported studies was one or
not estimable.

2.6.1. Assessment heterogeneity. The Higgins I* index was
used to assess the heterogeneity among the included studies.
I>>50% was considered potential heterogeneity. Hence, a
random effect model was used for pooling data, and < 50%
indicated low heterogeneity, so a fixed-effect model was used.
Subgroup analysis and sensitivity analysis were conducted if the
heterogeneity was significant,

2.6.2. Assessment of reporting bias. Potential publication bias
was presented using a funnel plot if more than 10 trials were
included. The asymmetry of the funnel plot was verified using
the Egger regression test!!®! by the software R (Version 4.1.1, R
Foundation for Statistical Computing, Vienna, Austria) and R
studio program (Version 1.4.1106, Integrated Development for
R. R Studio, PBC, Boston, MA) using the “meta” package as a
default setting. If there is a publication bias, the fail-safe N test,"”!
and the Duval and Tweedle's trim and fill method”! is evaluated
additionally using the software R and R studio program. The fail-
safe N test estimated the number of additional studies required
to lower the effect size under significance and the trim and fill
method determined the effect of publication bias on the pooled
analysis.

2.6.3. Subgroup analysis and sensitivity analysis. When
meta-analysis showed significant heterogeneity, subgroups
analysis was performed to identify the source of heterogeneity.
Subgroup analysis was conducted based on the age and
formulation of ETHM.

The robustness of the meta-analysis results was tested
through sensitivity analysis by excluding the studies one by
one.

2.7. Quality of evidence

The certainty of evidence was evaluated according to the
Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) rating standards (http://gradepro.org).
The following categories were evaluated: study design, risk of
bias, inconsistency, indirectness, imprecision, and reporting bias.
Based on the author's assessment, the GRADE system classi-
fied the level of evidence as high, moderate, low, or very low

(Table 1).

2.8. Ethical approval

The ethical approval and the consent of patients were not neces-
sary, because this study was a systemic review and the meta-anal-
ysis did not patient recruitment but literature research.

Medicine

3. Results
3.1. Study selection

After selecting studies in each database using the prepared
search strategy, 1322 records were obtained; 141, 362, and
819 records were retrieved from three English databases,
three Chinese databases, and four Korean databases, respec-
tively. After duplicates were removed, 37,298, and 767 studies
remained. Reviewing the titles and abstracts of the remained
studies, 1029 were left out of 1102 studies. We screened 73
articles for eligibility by evaluating the full-text articles, and
54 were removed for the following reasons: not CMT (n=1)
,not RCT (n =41), not ETHM (n = 9), not compared to tuina
(n=1), not same tuina between experimental and control
group (n = 2). Finally, 19 RCTs*'=*°! were included in a system-
atic review and meta-analysis (Fig. 1).

3.2. Characteristics of study

The 19 included studies were all RCTs and were conducted in
China. The publication year ranged 2008 to 2021, and the sam-
ple size varied from 40 to 200. The total treatment duration also
varied from 12 days to 6 months. The total periods of treatment
were mostly the same experimental and control group. In one
study,?! however, experimental group received treatment for
60 to 90 days, while the control group received treatment for
90 to 150 days. In two studies, other treatments were added
to the experimental group.??! There were two studies with a
follow-up period after treatment. One?’! was for regularly three
months to consolidate the curative effect and prevent a recur-
rence, and another onel?® was for 6 to 12 months to evaluate the

recurrence rate (Table 2).

3.3. Characteristics of the participants

The youngest patients were 5 days, and those up to two years
of age were recruited. In the study of Li,** 2 out of 20 patients
in the experimental group gave up, and there was no dropout in
other studies. The referenced diagnostic criteria books were five
cases of “Practical Pediatric Surgery,”™*! two cases of “Practical
Pediatrics,”*!l two cases of “Tuina,”*! four cases were not
reported, and six were other textbooks and papers. The types of
CMT are described: left and right, presence of mass (mass, dif-
fuse, no-mass), mass shape (oval mass, cord-like), other symp-
toms (dysplasia of the neck muscle and trapezius muscle, tilt,
and facial deformities) (Table 2).

3.4. Interventions

3.4.1. Characteristics of tuina. Twelve cases*??7-33 used
a medium during tuina, and seven cases!?>-26:34383% ysed only
tuina without a medium. In the experimental group, there were
four studies in which ETHM was the medium of tuina,?7-32:333]
and the other eight studies used the same medium as control
group. 212228313637 The medium used in the control group was
talcum powder with nine, Johnson & Johnson baby powder
with two, and lubricating oil with one. The duration of tuina
ranged from 15 to 30 minutes. For additional education during
treatment, there was one mention of children's self-exercise?*!
and one mention of maintaining correct position?? (see
Supplement File 2, Supplemental Digital Content, http:/links.
Iww.com/MD/I24, Tuina treatment information).

The frequency of the target muscle was as following. The
SCM muscle was the most common with 17, trapezius muscle
with five, shoulder muscles with five, neck muscles with four,
back muscles, splenius capitis muscle origin, the muscles of
the spine, and supraspinatus with one each. The frequency of
the target acupoints was as following: Gyeonjeong (GB21) was
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Records identified through 3 English
databases (PubMed, EMBASE,
CENTRAL) searching (n=141)

Records identified through 3 Chinese
databases (CNKI, VIP, Wan Fang
Database) searching (n=362)

Records identified through 4 Korean

databases (OASIS, KISS, Science ON,

RISS) searching (n=819)

Records after duplicates
remaved (n=37)

removed (n=298)

Records after duplicates

]

Records after duplicates
remaved (N=767)

I

i

Records screened title and
abstract (n=1102)

Excluded after screeing
(n=1029)

Full-text articles
assessed for
eligibility (n=73)

Full-text articles excluded, with reasons
-not CMT (n=1)

-not RCT (n=41)

-not ETHM (n=9)

-not compared to tuina (n=1)

-not same tuina between E and C (n=2)

Studies included in

meta-analysis (n=19)

Figure 1. Prisma flow diagram. C = Control intervention, CENTRAL = Cochrane Central Register of Controlled Trials, CMT = congenital muscular treatment,
CNKI = China National Knowledge Infrastructure, E = Experimental intervention, EMBASE = Excerpta Medica dataBASE, ETHM = external treatment of herbal
medicine, KISS = Korean Studies Information Service System, OASIS = Oriental Medicine Advanced Searching Integrated System, RCT = randomized con-

trolled trial, VIP = Chinese Scientific Journal Database.

the most common with six, Pungji (GB20) with four, Budol
(LI118) with three, Inyeong (ST9) and Qiaogong point with two,
Sudol (ST10), Yepung (TE17), Cheonjong (SI11), Ashi points,
and other related acupoints with one. The other bone rankings
were face and mandible region, occipital bone, and neck with 1
each (see Supplement 2, Supplemental Digital Content, http://
links.lww.com/MD/I24, Tuina treatment information).

The manipulation techniques during tuina were kneading 18
times, pulling 15 times, pinching 10 times, pressing and rotation
10 times, plucking and flicking nine times, rubbing and grasping
eight times, passive stretching seven times, pushing five times
(see Supplement File 3, Supplemental Digital Content, http:/
links.lww.com/MD/125, Manipulations of tuina).

3.4.2. Characteristics of ETHM. In the 19 included studies,
ETHM was used as a medium concurrently with tuina in four
cases,?233351 and administered separately from tuina in 15
cases.[21-26:28-31,3436-39] Fyrthermore, ETHM was used with hot
compressed treatment in six cases,?*3137:3841421 without in 11
cases.[22:25:27:29-33.35-37l The used formulations were ointment nine
times, decoction nien times, powder once, patch once, fumigation
once, and two types of ETHM used in two studies.?*3* The
duration of ETHM varied from 10 minutes to overnight. The
cautions noted were allergic reactions in two studies’®*** and
burns in one study?®! (Table 3).

Fifty three herbs were used. Carthami Flos was used 14 times,
Lycopodii Herba and Olibanum 10 times, Myrrha eight times,
and the rest were used less than five times (see Supplement File
4, Supplemental Digital Content, http://links.lww.com/MD/126,
Frequency of Herb).

3.5. Outcome measures

The most frequently used outcome measurement was the total
effective rate (TER) 15 times.[?!:2225-3235-1 This was followed by

the thickness of the mass in SCM muscle seven times,?230:31,33-
35381 tissue elasticity gradel®32371 and recurrence rate three
times,?¢2%371 muscle elasticity score?>% and clinical symptom
& sign score two times,>3! adverse events,39 cervical range of
motion (ROM) for rotation and lateral flexion range once.*
The tissue elasticity grade was intensified from stage 1 to stage
4, depending on the hardness of the lesion tissue and the color
on ultrasound elastography.*¥! The muscle elasticity score was
pointed one to five as the color of the diseased muscle and sur-
rounding tissues by ultrasound. If the point was three or higher,
it was defined as torticollis.*¥ The numbers of patients whose
muscle elasticity scores improved after treatment from 3 to §
points (torticollis) to 1 to 2 points (normal) were evaluated
(Table 2).

3.6. Quality assessment

Eight studies were evaluated as “low risk” for random
sequence generation; four studies used the random num-
ber table method*3%37381; another four studies generated a
random sequence according to odd and even numbers,?”!
the random lottery method,'*”! computer number gener-
ator,B and the order of visits.’¥ The remaining 11 stud-
iesl?1-2628,30.32,36,391 yyere evaluated as “unclear risk.” Most
studies did not mention allocation, but only one study®!
used a computer to measure the selection bias, which was
evaluated as “Low risk”.

Because double-blindness made it impossible to apply herbal
medicine externally, the performance bias was all evaluated
as “high risk.” None of the 19 studies mentioned blinding the
outcome assessment, and the detection bias was evaluated as
“unclear risk.” Most of the studies had no missing data, but one
study?* had a “high risk” of incomplete outcome data because
two patients in the experimental group were dropouts due to
allergies and a change to another hospital.


http://links.lww.com/MD/I24
http://links.lww.com/MD/I24
http://links.lww.com/MD/I25
http://links.lww.com/MD/I25
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Figure 2. Risk of bias summary.

Two studies??*% involving 174 patients reported that ETHM
plus tuina was more effective than tuina alone therapy in CMT
(RR: 1.56,95% CI: 1.04-2.34, P = .03; Fig. 7B).

(3) Clinical symptoms and sign scores

Two studies®>*! involving 169 patients indicated that ETHM
plus tuina was more effective than tuina alone therapy in CMT
(SMD: -0.78, 95% CI: ~1.09 to ~0.47, P < .001; Fig. 7C).

3.7.5. Recurrence rate and adverse events. Three studies
involving 237 patients measured the recurrence rate. Two
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studies?*?8 reported no relapse. Only one study®”! reported
recurrence, but there was no statistically significant difference
between the experimental and control groups (RR: 0.33, 95%
CI: 004-3.09, P = .33; Fig. 8). One study involving 98 patients
measured the adverse events,®! but the experimental and
control groups reported no adverse events.

3.8. Assessment of reporting bias

The funnel plot of the total effective rate seemed possibly
asymmetry (Fig. 9), and the Egger regression test provided
possible evidence of publication bias (¢=2.74, P=.0169)
(see Supplement Figure 1, Supplemental Digital Content,
http://links.lww.com/MD/129, Egger regression test for TER).
However, the fail-safe N test results were 309, which is higher
than the recommended cutoff of 85 (5 k + 10, k = the number
of studies included in the meta-analysis). Furthermore using
the trim and fill method, four artificial studies were included
into the meta-analysis to adjust for funnel plot asymmetry. The
adjusted fixed-effects (RR: 1.13, 95% CI: 1.08-1.17, P < .001)
evaluated using the trim and fill method was consistent with
original analysis (RR:1.16, 95% CI: 1.12, P <.001) (see
Supplement Figure 2A,B, Supplemental Digital Content, http://
links.lww.com/MD/I30, Funnel plots of TER original version
and the trim and fill method version).

3.9. Sensitivity analysis

Sensitivity analysis was performed using the “leave one
out” method and indicated that the meta-analysis is reliable
and robust. The sensitivity analysis of the TER was con-
ducted because there was a possibility of reporting bias in
the funnel plot and Egger test results (see Supplement File
5, Supplemental Digital Content, http://links.lww.com/MD/
127, sensitivity analysis on TER), and the sensitivity analy-
sis of the SCM thickness was performed because heterogene-
ity was detected as a result of the meta-analysis (I > 50%)
(see Supplement File 6, Supplemental Digital Content, http:/
links.lww.com/MD/I28, sensitivity analysis on SCM muscle
thickness).

3.10. GRADE certainty of evidence

The overall quality of the evidence was presented using the
GRADE system. Most results were rated as low to high, because
of the high risk of performance bias and other bias, small sam-
ple sizes, failure to meet the optimal information size criterion,
and the 95% CI including lines with no effect. The quality of
evidence was high for the thickness of the SCM muscle (partici-
pants' age: under six months subgroup) and the thickness in the
SCM muscle (total) because studies with the same effect direc-
tion and clinically heterogeneous were collected and meta-ana-

lyzed (Table 1).

4. Discussion

According to a previous study, approximately 93% of patients
were first diagnosed with CMT when they were under one
year. The duration of physiotherapy was 6 months on aver-
age, and if there was no improvement, surgery was performed
within a year in 51% of patients!*! . Therefore, it is import-
ant that patients aged zero to 2 years, who have a possibility
of recovery, be treated with complementary and alternative
medicine.

All the major English, Chinese, and Korean databases were
searched to find RCT using tuina with ETHM versus the same
tuina for invention. This meta-analysis was conducted for 19
RCTs including 1710 patients. This is the first review comparing
tuina with concomitant treatment.


http://links.lww.com/MD/I29
http://links.lww.com/MD/I30
http://links.lww.com/MD/I30
http://links.lww.com/MD/I27
http://links.lww.com/MD/I27
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Experimental Control

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI

Cai 2014 56 56 35 40 8.1%
Dai 2021 38 42 29 42 5.7%
Ren 2008 60 62 52 60 10.3%
Tian 2010 30 30 28 30 5.6%
Wang 2008 86 91 58 91 11.3%
Wang 2011 42 43 33 40 6.7%
Wang 2016 36 39 33 39 6.4%
Wang 2018 41 45 33 45 6.4%
Wang 2019 31 34 25 34 4.9%
Xu 2017 38 40 35 40 6.8%
Yuan 2021 44 49 34 49 6.6%
Zhang 2012 26 28 17 20 3.9%
Zhang 2019 44 47 38 47 7.4%
Zhang 2020 33 36 25 36 4.9%
Zhao 2016 29 30 26 30 51%
Total (95% Cl) 672 643 100.0%
Total events 634 501

Heterogeneity: Chi? = 20.76, df = 14 (P = 0.11); I? = 33%
Test for overall effect: Z = 8.24 (P < 0.00001)

Risk Ratio Risk Ratio

M-H, Fixed, 95% ClI

1.14[1.01, 1.29]
1.31[1.05, 1.64]
1.12[1.00, 1.25]
1.07 [0.96, 1.20]
1.48[1.26, 1.74]
1.18 [1.02, 1.38]
1.09 [0.93, 1.28]
1.24[1.02, 1.52]
1.24 [0.99, 1.56]
1.09 [0.95, 1.25]
1.29[1.05, 1.59]
1.09 [0.88, 1.35]
1.16 [0.99, 1.36]
1.32[1.04, 1.67]
1.12[0.95, 1.30]

HW!\”

‘

1.21 [1.15, 1.26]

07 085 1
Favours [tuina]

1.2 1.5
Favours [ETHM+tuina]

Figure 3. Forest plot of the total effective rate. Cl = confidence interval, ETHM = external treatment of herbal medicine.

Control
Mean _SD_ Total Weight

Experimental
Study or Subgroup Mean _SD Total
2.1.1 participants' age: under 6 months

Dai 2021 -5.93 2.39 42 46 275 42  9.7%
Wang 2018 -449 239 45 -2.95 2.38 45 11.3%
Wang 2019 -4.84 0.67 34 -2.76 0.96 34 24.6%
Yi 2020 -5.14 163 100 -3.48 1.74 100 22.6%
Subtotal (95% Cl) 221 221  68.2%
Heterogeneity: Tau? = 0.01; Chi*=3.18, df =3 (P = 0.37); > = 6%

Test for overall effect: Z = 12.22 (P < 0.00001)

2.1.2 participants' age: over 6 months

Xu 2018 -1.8 2.66 35 -08 271 36 8.1%
Zhang 2019 -4.89 237 47 -3.37 244 47 11.5%
Zhang 2020 -6.42 1.98 36 -3.34 2.03 36 12.2%
Subtotal (95% CI) 118 119 31.8%

Heterogeneity: Tau? = 0.93; Chi? = 8.60, df =2 (P = 0.01); > =77%
Test for overall effect: Z = 3.00 (P = 0.003)

Total (95% CI) 339 340 100.0%
Heterogeneity: Tau? = 0.14; Chi? = 12.14, df = 6 (P = 0.06); I = 51%

Test for overall effect: Z = 8.66 (P < 0.00001)

Test for subgroup differences: Chi? = 0.02, df = 1 (P = 0.90), 1> = 0%

Figure 4. Forest plot of the SCM muscle thickness according to participants'
SCM = sternocleidomastoid muscle.

Mean Difference Mean Difference

IV, Random, 95% CI IV, Random, 95% CI
-1.33 [-2.43, -0.23]
-1.54 [-2.53, -0.55] —
-2.08 [-2.47, -1.69] -
-1.66 [-2.13, -1.19] ——
.83 [-2.12, -1.54] <
-1.00 [-2.25, 0.25] EEE—
-1.52 [-2.49, -0.55] —
-3.08[-4.01,-215) —
-1.91 [-3.16, -0.66] el
-1.82 [-2.23, -1.41] <o
4 2 0 2 4

Favours [ETHM+tuina] Favours [tuina]

age. Cl = confidence interval, ETHM = external treatment of herbal medicine,

4.1. Summary of this review

This review showed that tuina combined with the ETHM group
was more effective than tuina alone, and the difference was
statistically significant for CMT than the tuina group on TER,
SCM muscle thickness, cervical ROM and symptom scores
and grade (tissue elasticity grade, muscle elasticity scores, and
clinical symptoms and sign scores). Subgroup analysis was per-
formed according to patients’ age (under 6 months or over 6
months) and formulation of ETHM (ointment, decoction, or
fumigation) to explain the heterogeneity of the included study
on SCM muscle thickness. The SCM muscle thickness was
decreased significantly regardless of age. A significant effect on
the recovery of the SCM muscle was noted in patients younger
than two years of age. The heterogeneity in these two subgroups
decreased (P =.090, I>=0%), suggesting that patients’ age
may be a potential reason for the heterogeneity. Furthermore,
the SCM muscle thickness was improved in the order of fumi-
gation, ointment, and decoction. The ETHM absorption may
differ depending on the formation. On the other hand, only

a few studies are included in each subgroup, which is insuffi-
cient to use as evidence. There were no adverse effects, and the
recurrence rates were not statistically significant. We performed
the fail-safe N test and the trim-and-fill method because of the
potential publication bias. The results were relatively robust
and the publication bias did not influence the significance of
our results. This review is the first paper to analyze the effect of
the combination of tuina with ETHM, which is commonly used
in the treatment of pediatric torticollis, can provide meaningful
information to clinicians.

4.2. Clinical implication

The manipulations of tuina for CMT in the included stud-
ies are pushing and kneading, rubbing and pressing, grasping
and pinching, flicking and plucking, and stretching and rotary
pulling. Tuina manipulations can be divided into two catego-
ries: relaxation techniques and stretching and rotary pulling
techniques. Relaxation techniques relax tendons and massage
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Experimental Control Mean Difference Mean Difference
udy o ubgro e 95% ClI IV, Random, 95% CI
2.2.1 decoction
Yi 2020 -5.14 163 100 -3.48 174 100 22.6%  -1.66[-2.13,-1.19] —
Subtotal (95% Cl) 100 100 22.6% -1.66[-2.13, -1.19] o
Heterogeneity: Not applicable
Test for overall effect: Z = 6.96 (P < 0.00001)
2.2.2 ointment
Dai 2021 -5.93 2.39 42 46 275 42 9.7% -1.33 [-2.43, -0.23] -
Wang 2018 -4.49 2.39 45 -2.95 2.38 45 11.3% -1.54 [-2.53, -0.55] -
Wang 2019 -4.84 0.67 34 -276 0.96 34 246%  -2.08[-2.47,-1.69] -
Xu 2018 -1.8 2.66 35 -08 271 36 8.1% -1.00 [-2.25, 0.25] - T
Zhang 2019 -4.89 2.37 47 -3.37 244 47 11.5% -1.52 [-2.49, -0.55] -
Subtotal (95% CI) 203 204 65.2% -1.75[-2.14, -1.36] >
Heterogeneity: Tau? = 0.04; Chi?=4.76, df =4 (P = 0.31); = 16%
Test for overall effect: Z = 8.77 (P < 0.00001)
2.2.3 fumigation
Zhang 2020 -6.42 1.98 36 -3.34 2.03 36 12.2% -3.08 [-4.01,-2.15] —
Subtotal (95% Cl) 36 36 12.2% -3.08 [4.01,-2.15] <
Heterogeneity: Not applicable
Test for overall effect: Z = 6.52 (P < 0.00001)
Total (95% CI) 339 340 100.0%  -1.82[-2.23, -1.41] ‘
Heterogeneity: Tau? = 0.14; Chi? = 12.14, df = 6 (P = 0.06); I = 51% 4 2 5 2 i

Test for overall effect: Z = 8.66 (P < 0.00001)
Test for subgroup differences: Chi? = 7.68, df =2 (P = 0.02), I> = 73.9%

Favours [ETHM+tuina] Favours [tuina]

Figure 5. Forest plot of the SCM thickness according to formulation of ETHM. CI = confidence interval, ETHM = external treatment of herbal medicine,

SCM = sternocleidomastoid muscle.

A

Experimental Control

Yi 2020 39.75 1219 100 26.32 9.46 100 100.0%

Total (95% Cl)
Heterogeneity: Not applicable
Test for overall effect: Z = 8.70 (P < 0.00001)

100

Experimental Control

Study or Subgroup Mean _SD Total Mean SD Total Weight IV. Fixed, 95% CI

Yi 2020 20.64 8.26 100 12.14 8.67 100 100.0%
Total (95% CI)
Heterogeneity: Not applicable

Test for overall effect: Z=7.10 (P < 0.00001)

100

Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl

100 100.0% 13.43 [10.41, 16.45]

100 100.0% 8.50 [6.15, 10.85]

Mean Difference

1V, Fixed, 95% CI
13.43[10.41, 16.45]
L 2
50 25 0 25 50
Favours [tuina] Favours [ETHM + tuina]
Mean Difference Mean Difference
IV, Fixed, 95% CI
8.50 [6.15, 10.85]
L 4
-50 -25 0 25 50

Favours [tuina] Favours [ETHM + tuina]

Figure 6. A, B. Forest plot of cervical range of motion (A: rotation, B: flexion). Cl = confidence interval, ETHM = external treatment of herbal medicine.

tissue, promoting blood circulation and relieving muscle ten-
sion. Stretching and the rotary pulling techniques lengthen the
muscle and loosen the hardened mass tissue, so it returns to the
average original muscle elasticity and mobility.*¢! According to
the two studies?*** divided according to the presence of a mass
or not, additional techniques, such as flicking or plucking, were
used in the mass group.

Gyeonjeong (GB21) and Pungji (GB20) were the most fre-
quently used acupoints. GB21 is one of the acupoints of the gall
bladder meridian located between the tip of the acromion and
the spinous process of C7.147' It is used clinically to treat shoul-
der pain, and back pain by relaxing the shoulder muscles.*®!
GB20 is located in the posterior region of the neck, below the
occipital bone, in the depression between the origins of the
SCM muscle and trapezius muscle.*”! It expels the exterior and
interior wind and fever, so it is used for headaches, dizziness,
and neck pain.*”!

Traditional herbal medicine can regulate qi, promote blood
circulation to eliminate stasis, loosen stiff muscles, and relieve
pain, so it is often used to produce powders, ointments, and
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decoctions for external application. Children's soft tissue has a
thin cuticle, and the drug is easier to absorb through the skin,
with satisfactory compliance for parents.”!

The most frequently used herbal medicine in this review was
Safflower (Carthami Flos), Common Clubmoss Herb (Lycopodii
Herba), Frankincense (Olibanum), and Myrrh (Myrrba). All
these herbs have anti-inflammatory, anti-oxidant effects,’'-?!
and de-contracting muscle effect due to the activation of blood
flow and removal of blood stasis.® Pharmacologically, the
main active components of Carthami Flos are Safflomin A and
B, which reduce blood pressure and facilitate blood circula-
tion.’! Lycopodii Herba is used for joint pain and bruises,**
because of the antipyretic action of Lycopodin, an alkaloid com-
ponent.’s! Olibanum can inhibit the production and release of
various cytokines, particularly the secretion of IL-2 and IFN-y*¢!
and Myrrha also has anti-inflammatory effects from 1f,60-di-
hydroxyeudesm4 (15)-ene.*”! In addition, Quercetin the major
component of Olibanum and Myrrha has the functions of soft
tissue recovery such as muscle pain, ligament rupture, local
edema, and so on.®!
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Heterogeneity: Chi?=0.19, df =2 (P = 0.91); I?= 0%
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Figure 7. AB,C. Forest plot of the symptom scores and grade (A: tissue elasticity grade, B: muscle elasticity score, C: clinical symptoms and sign score).

Cl = confidence interval, ETHM = external treatment of herbal medicine.
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Tian 2010 0 30 0 30
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Figure 8. Forest plot of the recurrence rate. Cl = confidence interval, ETHM = external treatment of herbal medicine.

Clinically, acupoint herbal patching is used widely for treat-
ment, continuous stimulation of the acupoint, and absorption
of drugs.’” Nevertheless, further research will be needed on
the formulation attached to the center of the SCM muscle or
the acupoint (GB20, GB21) that is convenient and effective for
children.

4.3. Limitations and suggestions for further studies

This review had several limitations. First, few studies men-
tioned adverse effects and recurrence rates. Because children's
skin is soft and tender, more sufficient data on side effects such
as allergies or burns, are needed. Moreover, it will be neces-
sary to check for recurrence or musculoskeletal development
through a long-term follow-up. Second, the overall method-
ological quality of included studies varied from low to high,
and the incorrect methodological design of individual studies
has unavoidable difficulty to blind the participants and thera-
pists with ETHM formulation. More robust clinical evidence
will be obtained if the designed type of CMT (muscular tor-
ticollis, postural torticollis, and the SCM mass torticollis)
and severity (muscle tightness degree) can be assessed. Third,

the SCM muscle thickness in the affected side was used as
an outcome measurement in seven studies.?23031.33.3437.38] The
result may vary depending on the posture, because the SCM
muscle can contract or relax depending on the posture. Only
three studies?>3%38! specified that the measurement posture was
described as a supine position, and the remaining studies did
not mention it. More objective outcome measurements will be
needed to quantitatively the SCM muscle flexibility, like the
difference between the muscle thickness changes during con-
traction and relaxation on bilateral SCM muscle using high-fre-
quency ultrasound.[®%

5. Conclusion

For CMT patients aged zero to 2 vyears, the treatment is
more effective than when ETHM is combined with tuina.
Comprehensive standardized practical guidelines for CMT have
not been developed, which will have significant meaning in ana-
lyzing the integrated effects of ETHM treatment with tuina.
ETHM is effective and easily acceptable for children without
invasive and pain. This study can provide integrated treatment
evidence to clinicians.
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