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Abstract

Background and aims: Thoracic spine manipulation (TSM) increases the thoracic

spine's range of motion (ROM), effectively reducing pain intensity and disability in

patients with mechanical neck pain. We aimed to determine the effect of TSM on

neck pain intensity and functional impairment in patients classified under the

“mobility” category in Childs' classification.

Methods: In this randomized controlled trial, patients with mechanical neck pain

who met the inclusion criteria were randomly assigned to either the TSM (n = 21) or

sham manipulation (n = 20) group. The primary outcomes were pain during neck

rotation and subjective improvement assessed using the Numerical Pain Rating Scale

(NPRS) and Global Rating of Change (GROC), respectively. The secondary outcomes

were NPRS at rest, disability (assessed using the Neck Disability Index [NDI]), and

ROM of the cervical and thoracic spine rotation. Outcome measurements were

performed at baseline, immediately after treatment, 1 week after treatment, and at

the 4‐week follow‐up. Linear mixed models were used to analyze the NPRS, NDI,

and ROM. The GROC was analyzed using a chi‐square test for the percentage

recording ≥+4; the means of each group were compared using an unpaired t‐test.

Results: The NPRS with neck rotation, neck and thoracic ROM, and NDI showed

significant interactions between the groups. The NPRS with neck rotation was sig-

nificantly lower in the TSM group than in the sham group at all time points after the

treatment (p < 0.001). There was no difference between the groups in the proportion

showing moderate (≥+4) improvement according to the GROC; however, there was a

significant difference in the mean values (p = 0.013).

Conclusion: Incorporating TSM into treatment protocols may improve clinical out-

comes in patients with neck pain, potentially leading to better pain management and

functional recovery. Therefore, physiotherapists should consider TSM as a viable and

effective intervention to improve patient outcomes in neck pain rehabilitation.
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1 | INTRODUCTION

Neck pain is one of the most common conditions worldwide, with a

prevalence of 2443.9–6151.2 cases per 100,000 people.1 In addition,

of all 291 conditions examined in the Global Burden of Disease 2010

study, neck pain ranks fourth in terms of disability, as measured

by years lived with disability.2 Its prevalence has been steadily

increasing worldwide, with a 21% increase from 2006 to 2016.3

Additionally, neck pain caused 25 million Americans to miss work,

with an average of 11.4 days of absence per person.4 In Ontario,

14.2% of claimants experienced multiple episodes of absenteeism

due to neck pain, accounting for 40.4% of all days lost.5 Thus, neck

pain has significant health and economic impacts, leading to

increased health care costs and impact on employment.6

Neck pain is a multifactorial condition caused by various factors.

Conservative treatments such as pharmacotherapy, physical therapy,

and exercise are recommended for most cases.7,8 Given the com-

plexity of neck pain, a comprehensive evaluation is essential for

effective treatment.

The concept of “regional interdependence” suggests that primary

symptoms may be related to other body regions, implying that treat-

ment of areas beyond the symptomatic site may improve the primary

symptoms.9,10 This concept is based on Steindler's “kinetic chain,”

which posits that all joints are interconnected,11 thus emphasizing the

interconnectedness of the body's musculoskeletal system.

An important application of this concept in the evaluation of

neck pain is the role of the thoracic spine. Malalignment and

decreased range of motion (ROM) of the thoracic spine are associ-

ated with neck pain.12 Further, patients with neck pain often have

decreased thoracic spine rotation compared to healthy in-

dividuals.13,14 Numerous studies have demonstrated the efficacy of

thoracic spine interventions for neck and shoulder pain, further em-

phasizing the principle of regional interdependence.15–21

Thoracic spine manipulation (TSM) is effective in increasing the

ROM of the thoracic spine. A systematic review by Tsegay et al.22

concluded thatTSM reduces pain intensity and disability in patients with

mechanical neck pain. However, Masaracchio et al.20 reported no sig-

nificant difference betweenTSM and sham thoracic manipulation, likely

because specific causes of neck pain were not considered. Gross et al.23

suggested that subgrouping of participants' neck pain is necessary to

improve the quality of TSM research. Additionally, Verhagen24 stated

that because neck pain comprises subcategories, it is essential to spe-

cifically treat each subgroup. Furthermore, because neck pain has dif-

ferent subcategories, each requiring tailored treatment, Childs' classifi-

cation system, which uses symptoms, clinical findings, and duration of

illness, may be valuable for such subgrouping.25

This study focuses on the “mobility” group in Childs' classification

system, where ROM limitations are more likely to contribute to neck

pain. We aimed to determine the effect of TSM on neck pain

intensity and functional impairment in this specific subgroup and

provide targeted insight into the clinical utility of TSM.

2 | METHODS

2.1 | Study design

This study is a randomized controlled trial, approved by the Research

Ethics Review Committee of the Tokyo Metropolitan University,

Arakawa Campus (approval number: 22086). Informed consent was

obtained from all the participants. The study was registered at the

University Hospital Medical Information Network (R000058343) and

follows the Consolidated Standards of Reporting Trial.

2.2 | Participants

The participants were recruited from a clinic in Tokyo between April

2023 and January 2024. The inclusion criteria were age between 18

and 60 years, baseline Neck Disability Index (NDI) ≥ 10/50, and fall-

ing under the “mobility” category in Childs' classification. Two phys-

ical therapists determined this separately based on a classification

algorithm, and only those who agreed to participate were included.

The exclusion criteria were as follows: symptoms such as pain or

numbness in the upper extremities, a history of cervical or thoracic

spine surgery, red flags, pregnancy or possible pregnancy, receiving

treatment for neck pain, and having received a steroid injection

within the past 3 months.

2.3 | Procedures

All participants underwent baseline cervical and thoracic rota-

tional ROM measurements after providing demographic informa-

tion and completing a questionnaire related to neck pain. A

physical therapist, different from the intervention provider, per-

formed all the measurements. After baseline measurements, the

participants were randomly assigned to receive TSM (TSM group)

or sham manipulation (sham group). A random, simple assignment

was developed by placing a piece of paper containing the inter-

vention in an envelope and having the intervention provider draw

it out.
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Follow‐up measurements were performed immediately, 1 week,

and 4 weeks after the intervention. Participants were blinded to the

group assignments.

2.4 | Interventions

The interventions were performed by an orthopedic manipulative

physical therapist with 12 years of clinical experience. Both groups

underwent TSM or sham manipulation plus standard physiotherapy

interventions based on the results of individual physiotherapy as-

sessments. Standard physical therapy consisted of soft tissue mobi-

lization of the neck, deep cervical muscle exercises, instructions on

proper posture and movement patterns, environmental adjustments,

and home exercise instructions. Patients undergoing interventions in

the thoracic region were excluded. Exercises for the deep cervical

muscles were performed using a biofeedback pressure meter

(Stabilizer™, Chattanooga Group Inc., Chattanooga, TN).26,27 TSM

and sham manipulation were performed only at the initial interven-

tion. Subsequently, both groups underwent standard physical ther-

apy. The intervention time was 40min per session, and the frequency

was once a week. Before manipulation, all participants underwent a

segmental mobility examination from the seventh cervical vertebra to

the ninth thoracic vertebra.28 TSM or sham manipulation was per-

formed on up to three segments that showed particularly strong

hypomotility.

TSM group: The participants were placed in a relaxed supine

position on the bed with their arms crossed in front of the chest.

Thereafter, the participant's body was turned sideways toward the

therapist; then, the therapist held one hand in a pistol grip and

secured it to the lower segment to be manipulated (Figure 1A).

Afterward, the therapist supported the participant while gradually

returning the trunk to the supine position. The participant took deep

breaths in that position, and the therapist performed low‐amplitude,

high‐velocity manipulations in response to the participant's exhala-

tions15,29 (Figure 1B).

Sham group: Participants lay supine with arms crossed. The

therapist rotated them to the side similarly but placed an open hand

one segment lower than that targeted for the sham intervention

(Figure 1C). Although the participants breathed deeply, as in theTSM

group, no manipulation was performed15 (Figure 1D).

The participants in both groups were instructed to refrain from

performing exercises or activities other than the prescribed home

exercises until their subsequent session.

F IGURE 1 Thoracic spine (A, B) and sham (C, D) manipulations. A: In thoracic manipulation, the hand fixed to the spine extends the first
and second fingers, and the other fingers are flexed. B: The therapist performs thoracic spinal manipulation from anterior to posterior with the
participant exhaling. C: The hand fixed to the spine during sham manipulation is open with all fingers extended. D: Participants are instructed to
take deep breaths, but no manipulation is performed. Five deep breaths are recorded per target segment.
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2.5 | Outcomes

The primary outcome was the intensity of neck pain during neck

rotation (assessed using the Numerical Pain Rating Scale [NPRS]) and

15‐point subjective improvement after the treatment intervention

(assessed using the Global Rating of Change [GROC]) after the

treatment intervention. Secondary outcomes were the NPRS at rest,

NDI, cervical ROM, and thoracic ROM.

The NPRS, NDI, and cervical and thoracic ROMs were measured

four times: before intervention, immediately after intervention, 1 week

after intervention, and 4 weeks after intervention. Any missing values

were supplemented by the last observation carried forward method;

the GROC was assessed at the final measurement at 4 weeks post‐

intervention. All measurements were performed in a blinded manner.

1) NPRS

In the present study, the NPRS score was recorded at rest and

during maximum neck rotation. The reliability score (ICC, intraclass

correlation coefficient) for the NPRS in patients with mechanical

neck pain without upper extremity symptoms is ICC = 0.67 (95%

confidence intervals [CI]: 0.27–0.84), indicating moderate reliabil-

ity. The validity (area under the curve [AUC]) is 0.81 (95% CI:

0.73–0.90), and NPRS is considered to have good validity.15

2) GROC

The GROC assessment was performed using a 15‐point scale

ranging from −7 (very much worse) to +7 (very much improved).

The test‐retest reliability score (ICC) for the GROC in patients

with neck pain is reported to be 0.92–0.99, indicating very high

reliability. The validity is reported to be moderately correlated

between GROC scores and the NDI (Pearson's r = 0.51, 95% CI:

0.43–0.58; Spearman's ρ = 0.56, 95% CI: 0.41–0.68).30

3) NDI

The test‐retest reliability (ICC) of the NDI for patients with

mechanical neck pain without upper extremity symptoms is re-

ported to be 0.88 (95% CI: 0.63–0.95), indicating high reliability.

Additionally, the NDI has good responsiveness, with an AUC of

0.86 (95% CI: 0.79 to 0.93), indicating its ability to accurately

detect changes in the patient's level of disability.15

In the present study, the Japanese version of the NDI (NDI‐J)

was used. The NDI‐J has been shown to be a reliable, valid, and

responsive tool, making it useful for assessing neck pain in Jap-

anese outpatient populations.31

4) Cervical rotational ROMs using a digital goniometer

The ROM of neck rotation was measured in the sitting posi-

tion. In patients with neck pain, the measurement of neck rotation

using an electronic goniometer has been shown to have very high

intra‐ and inter‐rater reliabilities.32

5) Thoracic rotational ROMs using a digital goniometer

Thoracic spine rotation ROM was measured with the Lumber

lock rotation test, which is suggested to be highly reliable.33–35

Yoshida and Kuruma36 reported high intra‐ and inter‐rater reliabili-

ties, even when applied to patients with neck pain. Furthermore,

Ichikawa et al.37 reported a strong correlation between the thoracic

rotation angle measured using MRI and the ROM obtained with the

lumbar spine locking rotation test.

The success of blinding in the group assignments was evaluated

by asking all participants at the second follow‐up (1 week later)

whether they had received more intensive physical therapy.

2.6 | Sample‐size calculation

The sample size was calculated using G*POWER© software

(ver.3.1.9.2, Heinrich‐Heine University, Düsseldorf, Germany) with an

a priori testing approach. The calculation focused on detecting group

interactions, with the primary outcome variable being the intensity of

pain during neck rotation. The parameters used for the calculation

were an effect size of 0.40, an alpha level of 0.05, and a power level

of 80%. Based on these parameters, it was determined that a sample

size of 22 participants per group was required.

2.7 | Data analysis

The IBM SPSS Statistics ver. 27.0 (IBM Corporation, Armonk, NY,

USA) was used for statistical analyses, with a significance level of 5%.

2.7.1 | Primary outcomes

Primary outcomes

A linear mixed model, with group and measurement time points as

factors, was used for the primary analysis of the NPRS. When a sig-

nificant interaction was found, the NPRS scores at the three follow‐up

time points were compared between the groups using the Bonferroni‐

corrected multiple comparison method as a post‐hoc test. Further-

more, we calculated the mean change in the NPRS score for neck pain

from baseline to immediately, 1 week, and 4 weeks after treatment

within each group. Additionally, we calculated the between‐group

differences in the change in the NPRS scores at each time point. The

95% CIs and effect sizes (Cohen's d) were calculated for all variables.

The GROC scores were dichotomized for statistical analysis, and

participants who reported a GROC score of at least +4 (moderately

good) were classified as having a moderate‐to‐large change in neck

symptoms.15 Odds ratios and 95% CIs were calculated for those who

scored at least +4 on the GROC for neck pain 4 weeks post‐

intervention. Additionally, we compared between groups the per-

centage that recorded ≥+4 using the chi‐square test and compared

the means for each group using an unpaired t‐test.

2.8 | Secondary outcomes

A linear mixed model, with group and measurement time points as

factors, was used for the primary analysis of the NPRS at rest, NDI,
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cervical ROM, and thoracic ROM. When a significant interaction was

found, each score at the three follow‐up time points was compared

between the groups using multiple comparisons with the Bonferroni

correction as a post‐hoc test. Furthermore, we used the chi‐square

test to examine whether the proportion of participants who an-

swered “yes” to “Do you think you received more aggressive physical

therapy?” differed.

3 | RESULTS

A total of 112 individuals were screened for eligibility. Forty‐one

participants who met the eligibility criteria and agreed to participate

were enrolled. The participants were randomly assigned to either the

TSM (n = 21) or sham (n = 20) groups (Figure 2). The demographic and

general characteristics of patients at baseline are shown in Table 1.

There were no differences between both group in terms of sex, age,

height, weight, and days since the onset of neck pain (p > 0.05 for all).

3.1 | Primary outcomes (Table 2）

3.1.1 | NPRS score with neck rotation

There was a significant difference in the NPRS score between the

group and the time‐point interaction terms (p < 0.001). In the post‐

hoc test, the TMS group had a significantly lower NPRS score than

the sham group at all time points (Figure 3). The NPRS at each time

point of data collection is shown in Table 2.

3.2 | GROC

The percentage of patients reporting a GROC score of +4 or higher

(at least moderate improvement) was 75.0% in the TSM group and

52.9% in the sham group, with no significant difference between the

two groups (p = 0.22). In contrast, the odds ratio for GROC was 2.7,

suggesting that the TSM group improved more than the sham group.

The mean GROC score was significantly higher in theTSM group than

in the sham group (4.7 vs. 3.6, p = 0.013).

3.3 | Secondary outcomes (Figure 4)

3.3.1 | NPRS score at rest

There was no significant difference in the interaction term between

the group and time point (p = 0.74) or in the main effect of the time

point (p < 0.001).

F IGURE 2 CONSORT flow diagram.

TABLE 1 Baseline patient demographics.

Characteristic
TSM Group
(n = 21)

Sham Group
(n = 20) p value

Age (years) 49.6 ± 7.2 51.3 ± 8.4 0.30

Sex (male), n (%) 9 (42.8) 8 (40.0) 0.70

Height (m) 1.67 ± 0.1 1.64 ± 0.1 0.26

Weight (kg) 59.7 ± 11.3 56.1 ± 8.2 0.25

Days since onset 16.8 ± 7.5 14.1 ± 8.5 0.28
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3.3.2 | Neck rotation ROM

There was a significant difference in the interaction term between

the groups and time points (p < 0.001). The baseline neck rotation

ROM was significantly different between the two groups at baseline

(p < 0.05). Post‐hoc tests showed no simple main effect of the group

at any time point after the intervention.

3.3.3 | Thoracic rotation ROM

There was a significant difference in the interaction term between

the groups and time points (p < 0.001). Post‐hoc tests showed that

the TMS group had a significantly greater range of thoracic spine

rotation motion immediately, 1 week, and 4 weeks after the inter-

vention than the sham group (p < 0.05).

TABLE 2 Primary outcomes at each data collection time point.

Outcome/Time Point TSM Group (n = 21) Sham Manipulation Group (n = 20) Between‐Group Differences Odds Ratio p value

NPRS for neck pain

■ Baseline

■ Immediate
― Change from baseline
■ 1 week
― Change from baseline
■ 4 weeks

― Change from baseline

4.9 ± 1.1

2.5 ± 0.9
2.4 (1.8, 2.9), d = 3.2
2.0 ± 0.9
2.9 (2.4, 3.4), d = 3.0
1.0 ± 0.7

3.9 (3.4, 4.3), d = 3.5

5.1 ± 1.2

4.4 ± 1.0
0.7 (0.4, 1.0), d = 1.0
3.5 ± 0.8
1.7 (1.0, 1.9), d = 1.4
2.5 ± 0.9

2.5 (2.1, 3.1), d = 1.8

−1.8 (−2.5, −1.2)
1.7 (1.3, 2.3), d = 2.3
−1.5 (−2.0, −0.9)
1.2 (0.6‐2.0), d = 1.8
−1.4 (−1.9, −0.9)

1.4 (0.6, 2.1), d = 1.6

<0.001

<0.001

<0.001

GROC for neck symptoms,

n（% improved）
average

15 (75)

4.7

10 (52.9)

3.6

2.7 n.s.

p = 0.013

Values are mean ± SD unless otherwise indicated.

Values in parentheses are 95% confidence interval.

d = Cohen's d (effect size).

NPRS, numeric pain‐rating scale; GROC, global rating of change.

F IGURE 3 Time‐point analysis of NPRS with neck rotation between the TSM and sham groups. TSM, thoracic spine manipulation; NPRS,
Numerical Pain Rating Scale.
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3.3.4 | NDI

There was a significant difference in the interaction term between

the groups and time points (p < 0.001). Post‐hoc tests showed that

the TMS group had a smaller NDI than the sham group at 1 and

4 weeks after the intervention (p = 0.007 and p < 0.001, respectively).

3.3.5 | Percentage of participants perceiving their
physical therapy as more aggressive

In total, 95% (20/21) of participants in the TSM group and 85%

(17/20) of participants in the sham group responded “yes” to the question

“Do you think you received more aggressive physical therapy?”

4 | DISCUSSION

This study aimed to determine the effect of TSM on neck pain

intensity and functional impairment in patients classified under

the “mobility” category in the Childs' classification system. We

hypothesized that TSM would significantly reduce neck pain and

improve functional outcomes. Our findings confirmed this

hypothesis by showing that TSM, compared to sham manipulation,

significantly reduced neck pain during rotation and improved

cervical and thoracic ROM and NDI scores. These results were

observed immediately after the intervention and persisted for up

to 4 weeks.

The major findings of this study are:

1. TSM significantly reduced neck pain during rotation at all time

points post‐intervention.

2. TheTSM group showed a higher mean improvement in the GROC

scores; the proportion of patients reporting moderate or greater

improvement was not significantly different between the groups.

3. There was no significant difference in NPRS scores at rest

between the TSM and sham groups, indicating that TSM did not

significantly affect neck pain at rest.

4. The cervical and thoracic ROM significantly improved in the TSM

group compared to the sham group.

5. The TSM group showed significant improvement in the NDI

scores, indicating reduced functional impairment.

Our findings thus suggest that TSM can be an effective inter-

vention for reducing pain and improving functional outcomes in pa-

tients with mechanical neck pain, specifically those categorized in the

“mobility” group in Childs' classification system. This agrees with the

“regional interdependence” concept, which posits that treating areas

adjacent to the primary site of pain can influence outcomes. The

significant improvements in ROM and NDI scores indicate that TSM

alleviates pain and enhances mobility and daily functioning, which are

crucial for patient recovery and quality of life.

F IGURE 4 Secondary outcomes. NPRS, Numerical Pain Rating Scale; NDI, Neck Disability Index.
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4.1 | Primary outcomes

4.1.1 | NPRS score with neck rotation

Young et al.15 examined the effects of TSM and sham manipulation in

patients with cervical radiculopathy. They reported a decrease of 1.9

and 0.1 in the NPRS score in the TSM and sham groups, respectively,

with a difference of 1.8. Regarding the NPRS score immediately after

TSM and sham manipulation, the decrease in each group in the

present study was slightly larger than those reported by Young et al.

This may be because the present study included patients classified

under the “mobility” category in Childs' classification, whereas the

previous study included patients with cervical radiculopathy. Addi-

tionally, a previous study compared the effects of TSM or sham

manipulation alone. In contrast, the present study may have been

influenced by the fact that conventional physiotherapy was per-

formed in addition to each manipulation. Young et al.15 and Cleland

et al.38 reported the minimal clinically important difference (MCID) of

the NPRS scores in patients with mechanical neck pain to be 1.5 and

1.3, respectively. The reduction in the NPRS score obtained between

pre‐intervention and immediate post‐intervention in this study was

2.4 ± 0.9 (95% CI: 1.8, 2.9) in the TSM group and 0.7 ± 0.2 (95% CI:

0.4, 1.0) in the sham group, with only the TSM group exceeding the

MCID. The difference in the reduction between the groups also ex-

ceeded the MCID at 1.7 (95% CI: 1.3, 2.3), and only the TSM group

showed a statistically significant difference between the time points

before and immediately after the intervention (p < 0.001), indicating a

significant immediate effect of TSM on pain during neck rotation.

In contrast, the NPRS score was 0.5 between the immediate post‐

intervention and 1‐week post‐intervention time points. Between the

1‐ and 4‐week post‐intervention time points, the decrease was 1.0.

Although the reduction in the NPRS score was smaller during the

follow‐up period than between the pre‐intervention and immediate

post‐intervention time points, there was a significant change

(p < 0.001) between the 1‐ and 4‐week post‐intervention time points.

There was no significant difference between the immediate and

1‐week post‐intervention time points (p = 0.067). The mean difference

was 1.8 immediately after the intervention, 1.5 at 1 week, and 1.4 at

4 weeks, with a significantly lower NPRS score in the TSM group than

in the sham group at all time points. These results suggest that TSM

has the most significant immediate effect on neck pain and that this

effect persists for at least 4 weeks.

One mechanism related to pain reduction with spinal manipula-

tion is the neurophysiological effect. Pickar reported that spinal

manipulation increases pain threshold. A possible mechanism for this

is that spinal manipulation may affect sensory input to the central

nervous system by stimulating muscle spindles and Golgi tendon

organs.39 Additionally, reflexive stimulation of muscles and visceral

organs may alter neural output and exctability, resulting in immediate

and sustained changes in pain levels. Bialosky et al.40 suggested that

this mechanism could be explained by neurophysiological factors

such as placebo effects and patient expectations. Meanwhile, other

studies report that spinal manipulation does not affect the activity of

the autonomic nervous system.41 Furthermore, it has been shown

that spinal manipulation does not affect the neuroimmune response

(blood levels of IL‐1β and TNF‐α) in patients with nonspecific neck

pain.42 Therefore, the neurophysiological effects and mechanisms of

spinal manipulation need to be further validated. Another mechanism

is the biomechanical effect of spine manipulation. Norlander et al.

found that biomechanical defects in the thoracic spine segment are

responsible for neck pain. Moreover, Yoshida et al. reported a

reduced ROM of the upper thoracic spine during cervical rotation in

neck pain patients compared to healthy participants. Thus, correcting

these defects may improve pain.

This concept is consistent with the biomechanical explanation

of the “kinetic chain” of interregional dependence. The cervical and

thoracic spine are adjacent regions, and their biomechanical kinetic

chains directly affect each other. Therefore, the biomechanical

effects of TSM may spread to the cervical spine. While it is difficult

to infer the mechanisms from the results of this study, the

improvement in pain along with the rotational ROM in the cervical

and thoracic spines suggests that biomechanical mechanisms may

also be involved. Further research is needed to elucidate these

mechanisms.

4.1.2 | GROC

Regarding the GROC due to TSM implementation, a previous study

reported that 69% of patients with neck pain who received TSM and

exercise therapy showed moderate or greater improvement

(GROC ≥ 10 on a scale of 0–13) 4 weeks after the implementation.43

In the present study, 75.0% of patients in the TSM group showed

moderate or greater improvement, similar to the results of a pre-

vious study. However, no significant differences were observed

between the TSM and sham groups. This may be because 52.9% or

more of the participants in the sham group also received the usual

physical therapy, showing moderate or greater improvement. In

contrast, the odds ratio was 2.7, suggesting that the TSM group

improved more than did the sham group. Additionally, a comparison

of the mean values showed that the sham group had a mean GROC

score of 3.6, which was below the criterion value of 4 for moderate

improvement. In contrast, the mean score of theTSM group was 4.7,

indicating a significant difference between the two groups

(p = 0.013).

4.2 | Secondary outcomes (Figure 4)

4.2.1 | NPRS score at rest

Baseline resting NPRS scores were lower in both groups (TSM vs.

sham: 1.05 vs. 1.50). The participants of the current study were

classified under the “mobility” category of Childs' classification, which

is characterized by limited movement and pain associated with neck

movement.44 Therefore, all participants had low neck pain intensity
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from baseline at rest; although it decreased over time in both groups,

we do not believe that there was an interaction.

4.2.2 | Neck rotation ROM

Fritz and Brennan44 reported a mean range of neck rotation motion

of 116.7 ± 29.3°in 48 participants with neck pain classified under the

“mobility” category. The mean baseline value for all participants in

this study was 118.5 ± 23.5°, similar to the value reported by Fritz

et al. The baseline range of cervical rotation motion was 108.9° for

theTSM group and 12.4° for the sham group, resulting in a significant

average group difference of 15.3°(p < 0.05). Although the participants

in this study were divided into two groups by simple randomization,

this difference may have occurred incidentally.

Immediately after the intervention, the sham group improved by

0.6°, whereas the TSM group improved by 12.4°, showing a signifi-

cant improvement between pre‐intervention and immediate post‐

intervention. Additionally, the significant difference between the

groups found at baseline was resolved. Krauss et al. examined the

effect of TSM on patients with neck pain and found an average

increase in neck rotation ROM of 15.3°.16 Further, González‐Iglesias

et al.21 found that TSM for patients with neck pain increased the

range of neck rotation by an average of 18°. The results obtained in

this study support the findings of these previous studies, and TSM is

likely to immediately improve the range of cervical rotational motion.

4.2.3 | Thoracic rotation ROM

The most crucial goal of TSM is to improve the ROM of the con-

cerned segment. Immediately after manipulation, the sham group

showed a change of 0.6°, whereas the TSM group showed an

improvement of 12.5°. Although many previous studies have re-

ported the effect of TSM on neck ROM, the ROM of the thoracic

spine is yet to be examined. One reason for this is that there is no

established method for clinically evaluating the ROM of the thoracic

spine. The lumbar lock rotation test used in this study has been

shown to have high inter‐ and intra‐rater reliabilities in healthy par-

ticipants and patients with neck pain.33–36,45 Additionally, Ichikawa

et al.37 compared the thoracic rotation angle measured using mag-

netic resonance imaging with the ROM obtained using the lumbar

lock rotation test and reported a high correlation between the two.

Therefore, the results obtained in this study reflect the ROM of

thoracic spine rotation, and indicate that TSM increases the ROM of

the thoracic spine.

4.2.4 | NDI

The NDI has excellent reliability in patients with mechanical neck

pain without upper extremity symptoms, with an MCID of 5.5

points.38 Griswold et al.46 compared the effectiveness of cervical and

TSM and mobilization in patients with mechanical neck pain. They

reported that both approaches significantly reduced NDI at follow‐

up; however, there was no significant difference between the ap-

proaches. In contrast, the present study found that the NDI was

considerably smaller in the TMS group than in the sham group at 1

and 4 weeks post‐intervention (p = 0.007 and p < 0.001, respectively).

There are three possible reasons for this difference in results.

First, the intervention method of the control group was different. In

this study, the control group intervention was sham manipulation

comprising only deep breathing. In contrast, Griswold et al. used an

oscillatory technique (mobilization) in which the grade and duration

were determined based on individual assessments. Second, there was

a difference in the instructions for home exercises. In this study, all

participants were limited to home thoracic exercises and activities

involving large movements of the thoracic spine throughout the

intervention period. In contrast, all participants in the previous study

were instructed to perform ROM exercises for the cervical and

thoracic spines and were encouraged to be active. Home exercises

and increased daily activities may have had positive effects on

functional improvement. Third, there were differences in the demo-

graphics of the participants between the two studies. The partici-

pants in the present study were in the “mobility” category in Childs'

classification. One of the conditions was that the disease onset had

to be within 30 days, and the mean duration of disease onset for all

participants was 15.4 ± 8.4 days.

In contrast, in David et al.'s study, the participants had a very

long disease duration: 67.6 ± 108.3 and 66.2 ± 143.1 weeks in the

control and intervention groups, respectively. Aerobic exercises, self‐

exercises, and active daily activities help improve chronic pain and

dysfunction of the musculoskeletal system. Therefore, in addition to

the intervention effects unique to each group in the previous study,

self‐exercise and increased activity recommendations common to

both groups may have positively affected neck dysfunction.

4.3 | Limitation

One of the major limitations of this study is the limited external

validity of the findings, as this study was conducted in a single center.

Future studies should replicate this study in different centers and

with patients from diverse backgrounds.

5 | CONCLUSION

We investigated the impact of TSM on patients categorized under

“mobility” according to Childs' Classification System for Neck Pain.

Our results indicate that TSM significantly improves neck pain

intensity, NDI scores, and ROM in the cervical and thoracic spines

compared with sham manipulation. Notably, these benefits were

observed immediately after treatment and persisted for up to

4 weeks. The findings suggest that TSM is a viable treatment option

for patients with “mobility”‐type neck pain, offering immediate and
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short‐term relief. This study contributes to the growing body of

evidence supporting targeted physical therapy interventions based

on specific patient classifications, reinforcing the importance of

personalized treatment approaches in physiotherapy. Future studies

should validate these findings in a broader patient population and

investigate the long‐term outcomes of the TSM in neck pain

management.

AUTHOR CONTRIBUTIONS

Ryota Yoshida: Conceptualization; Formal analysis; Funding acquisi-

tion; Investigation; Methodology; Project administration; Writing—

original draft. Kazuna Ichikawa: Conceptualization; Formal analysis;

Funding acquisition; Methodology; Project administration; Supervi-

sion; Validation; Writing—review and editing. Hiraku Nagahori:

Conceptualization; Investigation; Methodology; Writing—review and

editing. Tomohiro Tazawa: Conceptualization; Investigation; Meth-

odology; Writing—review and editing. Hironobu Kuruma: Concep-

tualization; Data curation; Formal analysis; Funding acquisition;

Investigation; Methodology; Project administration; Supervision;

Writing—review and editing.

ACKNOWLEDGEMENTS

This study was supported by the Tokyo Physical Therapists Associ-

ation (grant number: 2023008).

CONFLICT OF INTEREST STATEMENT

The authors have no conflicts of interest directly relevant to the

content of this article.

DATA AVAILABILITY STATEMENT

Data available upon request to the corresponding author (RyotaYoshida).

ETHICS STATEMENT

The study design was approved by the Research Ethics Review

Committee of the Tokyo Metropolitan University, Arakawa Campus

(approval number: 22086), and informed consent was obtained from

all the participants.

TRANSPARENCY STATEMENT

The lead author Ryota Yoshida affirms that this manuscript is an

honest, accurate, and transparent account of the study being re-

ported; that no important aspects of the study have been omitted;

and that any discrepancies from the study as planned (and, if relevant,

registered) have been explained.

ORCID

Ryota Yoshida http://orcid.org/0000-0001-5811-0702

Hironobu Kuruma http://orcid.org/0000-0003-3550-4519

REFERENCES

1. Kazeminasab S, Nejadghaderi SA, Amiri P, et al. Neck pain: global
epidemiology, trends and risk factors. BMC Musculoskelet Disord.
2022;23:26. doi:10.1186/s12891-021-04957-4

2. Hoy D, March L, Woolf A, et al. The global burden of neck pain:
estimates from the global burden of disease 2010 study. Ann Rheum

Dis. 2014;73:1309‐1315. doi:10.1136/annrheumdis-2013-204431
3. Jahre H, Grotle M, Smedbråten K, Dunn KM, Øiestad BE. Risk fac-

tors for non‐specific neck pain in young adults. A systematic review.
BMC Musculoskelet Disord. 2020;21:366. doi:10.1186/s12891-
020-03379-y

4. Lezin N, Watkins‐Castillo S The impact of musculoskeletal disorders
on Americans‐opportunities for action (3rd ed.). Burden of muscu-
loskeletal diseases in the United States: prevalence, societal and
economic cost; 2016. Retrieved from http://www.boneandjoint
burden.org/docs/BMUSExecutiveSummary2016_0.pdf

5. Van Eerd D, Côté P, Kristman V, et al. The course of work absen-
teeism involving neck pain: a cohort study of Ontario lost‐time
claimants. Spine. 2011;36:977‐982. doi:10.1097/BRS.0b013e3
181e9b831

6. Hogg‐Johnson S, van der Velde G, Carroll LJ, et al. The burden and
determinants of neck pain in the general population: results of the
bone and joint decade 2000–2010 task force on neck pain and its
associated disorders. Spine. 2008;33:S39‐S51. doi:10.1097/BRS.
0b013e31816454c8

7. Binder AI. Cervical spondylosis and neck pain. BMJ. 2007;334:
527‐531. doi:10.1136/bmj.39127.608299.80

8. Pangarkar S, Lee PC. Conservative treatment for neck pain: medi-
cations, physical therapy, and exercise. Phys Med Rehabil Clin N Am.
2011;22:503‐520, ix doi:10.1016/j.pmr.2011.04.001

9. Sueki DG, Cleland JA, Wainner RS. A regional interdependence
model of musculoskeletal dysfunction: research, mechanisms, and
clinical implications. J Man Manip Ther. 2013;21:90‐102. doi:10.
1179/2042618612Y.0000000027

10. Wainner RS, Whitman JM, Cleland JA, Flynn TW. Regional inter-
dependence: a musculoskeletal examination model whose time has
come. J Orthop Sports Phys Ther. 2007;37:658‐660. doi:10.2519/
jospt.2007.0110

11. Steindler A. Kinesiology of the Human Body Under Normal and Atho-

logical Conditions. Charles C Thomas Publisher; 1955.
12. Joshi S, Balthillaya G, Neelapala YVR. Thoracic posture and mobility

in mechanical neck pain population: a review of the literature. Asian
Spine J. 2019;13:849‐860. doi:10.31616/asj.2018.0302

13. Norlander S, Gustavsson BA, Lindell J, Nordgren B. Reduced mobility

in the cervico‐thoracic motion segment—a risk factor for musculo-
skeletal neck‐shoulder pain: a two‐year prospective follow‐up study.
Scand J Rehabil Med. 1997;29:167‐174.

14. Yoshida R, Yasuda T, Kuruma H. Analysis of cervical and upper
thoracic spinal segmental rotation angles during end‐range neck

rotation: comparison with and without neck pain. J Man Manip Ther.
2022;30:328‐333. doi:10.1080/10669817.2022.2056309

15. Young IA, Pozzi F, Dunning J, Linkonis R, Michener LA. Immediate
and short‐term effects of thoracic spine manipulation in patients

with cervical radiculopathy: a randomized controlled trial. J Orthop

Sports Phys Ther. 2019;49:299‐309. doi:10.2519/jospt.2019.8150
16. Krauss J, Creighton D, Ely JD, Podlewska‐Ely J. The immediate ef-

fects of upper thoracic translatoric spinal manipulation on cervical
pain and range of motion: a randomized clinical trial. J Man Manip

Ther. 2008;16:93‐99. doi:10.1179/106698108790818530
17. Lau HMC, Wing Chiu TT, Lam T‐H. The effectiveness of thoracic

manipulation on patients with chronic mechanical neck pain—a
randomized controlled trial. Man Ther. 2011;16:141‐147. doi:10.
1016/j.math.2010.08.003

18. El Melhat AM, Abbas RL, Zebdawi MR, Ali Ismail AM. Effect of
adding thoracic manipulation for the management of patients with
adhesive capsulitis: a randomized clinical trial. Physiother Theory

Pract. 2024:1‐14. doi:10.1080/09593985.2024.2316897
19. Lee K‐W, Kim W‐H. Effect of thoracic manipulation and deep cra-

niocervical flexor training on pain, mobility, strength, and disability

10 of 11 | YOSHIDA ET AL.

http://orcid.org/0000-0001-5811-0702
http://orcid.org/0000-0003-3550-4519
https://doi.org/10.1186/s12891-021-04957-4
https://doi.org/10.1136/annrheumdis-2013-204431
https://doi.org/10.1186/s12891-020-03379-y
https://doi.org/10.1186/s12891-020-03379-y
http://www.boneandjointburden.org/docs/BMUSExecutiveSummary2016_0.pdf
http://www.boneandjointburden.org/docs/BMUSExecutiveSummary2016_0.pdf
https://doi.org/10.1097/BRS.0b013e3181e9b831
https://doi.org/10.1097/BRS.0b013e3181e9b831
https://doi.org/10.1097/BRS.0b013e31816454c8
https://doi.org/10.1097/BRS.0b013e31816454c8
https://doi.org/10.1136/bmj.39127.608299.80
https://doi.org/10.1016/j.pmr.2011.04.001
https://doi.org/10.1179/2042618612Y.0000000027
https://doi.org/10.1179/2042618612Y.0000000027
https://doi.org/10.2519/jospt.2007.0110
https://doi.org/10.2519/jospt.2007.0110
https://doi.org/10.31616/asj.2018.0302
https://doi.org/10.1080/10669817.2022.2056309
https://doi.org/10.2519/jospt.2019.8150
https://doi.org/10.1179/106698108790818530
https://doi.org/10.1016/j.math.2010.08.003
https://doi.org/10.1016/j.math.2010.08.003
https://doi.org/10.1080/09593985.2024.2316897


of the neck of patients with chronic nonspecific neck pain: a ran-
domized clinical trial. J Phys Ther Sci. 2016;28(1):175‐180. doi:10.
1589/jpts.28.175

20. Masaracchio M, Kirker K, States R, Hanney WJ, Liu X, Kolber M.

Thoracic spine manipulation for the management of mechanical neck
pain: a systematic review and meta‐analysis. PLoS One. 2019;14:
e0211877. doi:10.1371/journal.pone.0211877

21. González‐Iglesias J, Fernández‐de‐las‐Peñas C, Cleland JA,
Del rosario gutiérrez‐Vega M. Thoracic spine manipulation for the

management of patients with neck pain: a randomized clinical trial.
J Orthop Sports PhysTher. 2009;39:20‐27. doi:10.2519/jospt.
2009.2914

22. Tsegay GS, Gebregergs GB, Weleslassie GG, Hailemariam TT. Effec-
tiveness of thoracic spine manipulation on the management of neck

pain: a systematic review and meta‐analysis of randomized control
trials. J Pain Res. 2023;16:597‐609. doi:10.2147/JPR.S368910

23. Gross A, Langevin P, Burnie SJ, et al. Manipulation and mobilisation
for neck pain contrasted against an inactive control or another active
treatment. Cochrane Database Syst Rev. 2015;2015:CD004249.

doi:10.1002/14651858.CD004249.pub4
24. Verhagen AP. Physiotherapy management of neck pain. J Physiother.

2021;67:5‐11. doi:10.1016/j.jphys.2020.12.005
25. Childs MJD, Fritz JM, Piva SR, Whitman JM. Proposal of a classification

system for patients with neck pain. J Orthop Sports Phys Ther. 2004;34:
686‐700.; discussion 697‐700 doi:10.2519/jospt.2004.34.11.686

26. Jull G, Trott P, Potter H, et al. A randomized controlled trial of
exercise and manipulative therapy for cervicogenic headache. Spine.
2002;27:1835‐1843.; discussion 1843 doi:10.1097/00007632-

200209010-00004
27. Jull GA, Falla D, Vicenzino B, Hodges PW. The effect of therapeutic

exercise on activation of the deep cervical flexor muscles in people
with chronic neck pain. Man Ther. 2009;14:696‐701. doi:10.1016/j.
math.2009.05.004

28. Kaltenborn FM. Manual Mobilization of the Joints, Volume II: The

Spine. Olaf Norlis Bokhandel; 2012.
29. Olson KA. Manual of Physical Therapy. Elsevier; 2020.
30. Bobos P, MacDermid J, Nazari G, Furtado R. Psychometric proper-

ties of the global rating of change scales in patients with neck dis-

orders: a systematic review with meta‐analysis and meta‐regression.
BMJ Open. 2019;9:e033909. doi:10.1136/bmjopen-2019-033909

31. Nakamaru K, Vernon H, Aizawa J, Koyama T, Nitta O. Crosscultural
adaptation, reliability, and validity of the Japanese version of the

neck disability index. Spine. 2012;37:E1343‐E1347. doi:10.1097/
BRS.0b013e318267f7f5

32. Hoving JL, Pool JJ, van Mameren H, et al. Reproducibility of cervical
range of motion in patients with neck pain. BMC Musculoskelet

Disord. 2005;6:59. doi:10.1186/1471-2474-6-59

33. Feijen S, Kuppens K, Tate A, Baert I, Struyf T, Struyf F. Intra‐ and
interrater reliability of the ‘lumbar‐locked thoracic rotation test’ in
competitive swimmers ages 10 through 18 years. Phys Ther Sport.
2018;32:140‐144. doi:10.1016/j.ptsp.2018.04.012

34. Hwang D, Lee JH, Moon S, Park SW,Woo J, Kim C. The reliability of the

nonradiologic measures of thoracic spine rotation in healthy adults. Phys
Ther Rehabil Sci. 2017;6:65‐70. doi:10.14474/ptrs.2017.6.2.65

35. Johnson KD, Kim KM, Yu BK, Saliba SA, Grindstaff TL. Reliability of
thoracic spine rotation range‐of‐motion measurements in healthy
adults. J Athl Train. 2012;47:52‐60. doi:10.4085/1062-6050-47.1.52

36. Yoshida R, Kuruma H. Intra‐ and inter‐rater reliability of the Lumbar‐
Locked thoracic rotation test in patients with neck pain. Cureus.
2024;6:e56407. doi:10.7759/cureus.56407

37. Ichikawa K, Otsuka T, Abduh HAM, Kuruma H. Assessing validity of

thoracic spine rotation range of motion measurement methods:
comparison of magnetic resonance imaging and clinical measure-
ments. J Phys Ther Sci. 2024;36:95‐101. doi:10.1589/jpts.36.95

38. Cleland JA, Childs JD, Whitman JM. Psychometric properties of the
neck disability index and numeric pain rating scale in patients with

mechanical neck pain. Arch Phys Med Rehabil. 2008;89:69‐74.
doi:10.1016/j.apmr.2007.08.126

39. Pickar JG. Neurophysiological effects of spinal manipulation. Spine J.
2002;2:357‐371. doi:10.1016/s1529-9430(02)00400-x

40. Bialosky JE, Bishop MD, Penza CW. Placebo mechanisms of manual

therapy: a sheep in wolf's clothing? J Orthop Sports Phys Ther.
2017;47:301‐304. doi:10.2519/jospt.2017.0604

41. Kovanur Sampath K, Tumilty S, Wooten L, Belcher S, Farrell G,
Gisselman AS. Effectiveness of spinal manipulation in influencing the
autonomic nervous system—a systematic review and meta‐analysis.
J Man Manip Ther. 2024;32:10‐27. doi:10.1080/10669817.2023.
2285196

42. Lutke Schipholt IJ, Coppieters MW, Reijm M, Bontkes HJ, Scholten‐
Peeters GGM. Immediate systemic neuroimmune responses fol-

lowing spinal mobilisation and manipulation in people with non‐
specific neck pain: a randomised placebo‐controlled trial. Sci Rep.
2023;13:12804. doi:10.1038/s41598-023-39839-3

43. Young IA, Michener LA, Cleland JA, Aguilera AJ, Snyder AR. Manual
therapy, exercise, and traction for patients with cervical radiculo-

pathy: a randomized clinical trial. Phys Ther. 2009;89:632‐642.
doi:10.2522/ptj.20080283

44. Fritz JM, Brennan GP. Preliminary examination of a proposed
treatment‐based classification system for patients receiving physical
therapy interventions for neck pain. Phys Ther. 2007;87:513‐524.
doi:10.2522/ptj.20060192

45. Johnson KD, Grindstaff TL. Thoracic rotation measurement tech-
niques: clinical commentary. North Am J Sports Phys Ther. 2010;5:
252‐256.

46. Griswold D, Learman K, Kolber MJ, O'Halloran B, Cleland JA.

Pragmatically applied cervical and thoracic nonthrust manipulation
versus thrust manipulation for patients with mechanical neck pain: A
multicenter randomized clinical trial. J Orthop Sports Phys Ther.
2018;48:137‐145. doi:10.2519/jospt.2018.7738

SUPPORTING INFORMATION

Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.

How to cite this article: Yoshida R, Ichikawa K, Nagahori H,

Tazawa T, Kuruma H. Effect of thoracic manipulation on neck

pain in the mobility group: a randomized controlled trial.

Health Sci Rep. 2024;7:e70031. doi:10.1002/hsr2.70031

YOSHIDA ET AL. | 11 of 11

https://doi.org/10.1589/jpts.28.175
https://doi.org/10.1589/jpts.28.175
https://doi.org/10.1371/journal.pone.0211877
https://doi.org/10.2519/jospt.2009.2914
https://doi.org/10.2519/jospt.2009.2914
https://doi.org/10.2147/JPR.S368910
https://doi.org/10.1002/14651858.CD004249.pub4
https://doi.org/10.1016/j.jphys.2020.12.005
https://doi.org/10.2519/jospt.2004.34.11.686
https://doi.org/10.1097/00007632-200209010-00004
https://doi.org/10.1097/00007632-200209010-00004
https://doi.org/10.1016/j.math.2009.05.004
https://doi.org/10.1016/j.math.2009.05.004
https://doi.org/10.1136/bmjopen-2019-033909
https://doi.org/10.1097/BRS.0b013e318267f7f5
https://doi.org/10.1097/BRS.0b013e318267f7f5
https://doi.org/10.1186/1471-2474-6-59
https://doi.org/10.1016/j.ptsp.2018.04.012
https://doi.org/10.14474/ptrs.2017.6.2.65
https://doi.org/10.4085/1062-6050-47.1.52
https://doi.org/10.7759/cureus.56407
https://doi.org/10.1589/jpts.36.95
https://doi.org/10.1016/j.apmr.2007.08.126
https://doi.org/10.1016/s1529-9430(02)00400-x
https://doi.org/10.2519/jospt.2017.0604
https://doi.org/10.1080/10669817.2023.2285196
https://doi.org/10.1080/10669817.2023.2285196
https://doi.org/10.1038/s41598-023-39839-3
https://doi.org/10.2522/ptj.20080283
https://doi.org/10.2522/ptj.20060192
https://doi.org/10.2519/jospt.2018.7738
https://doi.org/10.1002/hsr2.70031

	Effect of thoracic manipulation on neck pain in the mobility group: A randomized controlled trial
	1 INTRODUCTION
	2 METHODS
	2.1 Study design
	2.2 Participants
	2.3 Procedures
	2.4 Interventions
	2.5 Outcomes
	2.6 Sample-size calculation
	2.7 Data analysis
	2.7.1 Primary outcomes
	Primary outcomes


	2.8 Secondary outcomes

	3 RESULTS
	3.1 Primary outcomes (Table 2）
	3.1.1 NPRS score with neck rotation

	3.2 GROC
	3.3 Secondary outcomes (Figure 4)
	3.3.1 NPRS score at rest
	3.3.2 Neck rotation ROM
	3.3.3 Thoracic rotation ROM
	3.3.4 NDI
	3.3.5 Percentage of participants perceiving their physical therapy as more aggressive


	4 DISCUSSION
	4.1 Primary outcomes
	4.1.1 NPRS score with neck rotation
	4.1.2 GROC

	4.2 Secondary outcomes (Figure 4)
	4.2.1 NPRS score at rest
	4.2.2 Neck rotation ROM
	4.2.3 Thoracic rotation ROM
	4.2.4 NDI

	4.3 Limitation

	5 CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	TRANSPARENCY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




