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Abstract

The primary objective of this review was to create a ‘trustworthy,’ living systematic review

and meta-analysis for the application of manual therapy interventions in treating patients

with shoulder dysfunction. Included studies were English-language randomized controlled

trials published between 1/1/2010 and 8/3/2023, with searches performed in: PubMed,

Cochrane Central Register of Controlled Trials (CENTRAL), CINHAL, ProQuest Nursing &

Allied Health, EBSCO Medline, and PEDro. The population of focus included adults 18

years and older with musculoskeletal impairments related to shoulder dysfunction. Our pri-

mary outcomes included pain and region-specific outcome measures. We excluded trials,

including participants having shoulder dysfunction resulting from surgery, radicular pain,

instability/dislocation, fracture, lymphedema, and radiation. Our screening methodology

was based upon a previously published ‘trustworthy’ systematic review protocol. This

included the application of our PICOTS criteria in addition to screening for prospective clini-

cal trial registration and following of prospective intent, as well as assessment of PEDro

scores, risk-of-bias ratings, GRADE scoring, and examination of confidence in estimated

effects. Twenty-six randomized controlled trials met our PICOTS criteria; however, only 15

of these were registered. Only three were registered prospectively. Two of these did not

have discussions and conclusions that aligned with their primary outcome. The remaining

single study was found to have a high risk-of-bias, meaning the remainder of the protocol

could not be employed and that no randomized controlled trials could undergo further

assessment or meta-analysis. The results of this systematic review indicate there are no

‘trustworthy’ randomized controlled trials examining the effectiveness of manual therapy

interventions for the treatment of patients with shoulder dysfunction, as defined by the pro-

spectively established methodology. Therefore, these findings signal that creating a ‘trust-

worthy,’ living systematic review on this clinically relevant topic is not yet possible due to a

lack of ‘trustworthy’ randomized controlled trials.
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Introduction

Systematic reviews (SRs) examining manual therapy’s effectiveness in treating shoulder

pathology have been methodologically diverse. These include the usage of broad [1–5] ver-

sus more narrow [6–12] definitions of the term “manual therapy,” manual therapy being

included in umbrella reviews along with other conservative interventions [4, 6, 12–21], and

the inclusion of only one shoulder-related diagnosis in some reviews [3, 5, 8, 11, 13–20, 22]

while others include many or prefer not to differentiate at all based upon diagnosis [6, 10,

23–25]. Additionally, a lack of evidence from which to build high-quality SRs has been

repeatedly noted [1, 2, 8, 9, 11–14, 22–24, 26]. A cursory review of the literature for SRs

studying the effectiveness of manual therapy as a treatment for shoulder dysfunction reveals

29 SRs, with or without meta-analyses, published since 2003 [1–29], including eight (~

28%) published in the last five years [4, 5, 19–21, 25, 28, 29]. This indicates a high interest

amongst researchers in providing clinicians with summary recommendations to implement

in their clinical practice. The pace at which these SRs have been published when paired with

the variation in the little evidence, leaves clinicians scrambling to keep current on whether

the evidence supports manual therapy interventions they provide for patients with shoulder

pathology. Our goal with this living SR was to provide clinicians with regularly updated rec-

ommendations based solely on those randomized controlled trials (RCTs) identified as

‘trustworthy.’

Clinicians need easy access to accurate, clinically relevant preprocessed literature to guide

their clinical decision-making. Journals subscribing to the clinical trials registration require-

ments put forth by the International Committee of Medical Journal Editors (ICMJE) do not

necessarily follow their policies, as evidenced by only 33.7% of articles being prospectively reg-

istered in such journals (2016 data) [30]. Nevertheless, there was still evidence of RCTs being

published despite not meeting these prospective registration requirements through 2020 [31].

This has led authors to conclude that “while many journals say they require prospective regis-

tration, they do not mean it” [32]. When paired with inadequate reporting of clinical trials

methodology leading to increased risk-of-bias, clinicians are put in a predicament when assess-

ing the relevance of the conclusions [33]. A lack of prospective registration in physical therapy

RCTs limits the ability to determine the true rate of post-randomization bias existing therein

[31], and could impact the reliability of the SRs that rely on the included RCTs [34]. Therefore,

a protocol to examine the ‘trustworthiness’ of RCTs included in living SRs [35], which can be

regularly updated, has been previously employed [36, 37] to ensure SRs disseminated to clini-

cians provide only the most trusted recommendations.

More recently, a Viewpoint by Riley et al. [38] emphasized the role such analyses play in the

‘trustworthiness’ of clinical evidence as it is implemented into clinical practice. Therefore, it

remains to be seen whether the “strong” recommendations of previous authors [4] hold water

when the findings of included RCTs are examined using the roadmap provided by Littlewood

et al. [39] and Riley et al. [38]. Living SRs that employ protocols [35] aimed at establishing

‘trustworthiness’ are critical in helping clinicians implement sound evidence into their clinical

practice [40].

Therefore, the aim of this review was to create a ‘trustworthy,’ living systematic review and

meta-analysis that can provide clinicians with minimally biased, current recommendations on

the state of the evidence for the treatment of shoulder dysfunction with manual therapy, and,

if sufficient evidence is available, to provide findings related to specific shoulder pathologies

(e.g., shoulder impingement, adhesive capsulitis, etc.) as in previous SRs [1, 7] since others

have noted an umbrella term (e.g., “shoulder pain”) is a limitation [23].
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Materials and methods

Protocol and registration

The protocol for this SR was reviewed by the Louisiana State University Health Sciences Cen-

ter at Shreveport Institutional Review Board and was considered exempt from oversight

(STUDY00002449). In addition, the protocol for this SR was prospectively registered through

the International Prospective Register of Systematic Reviews (CRD42023446571) [41]. The

protocol follows that previously published by Riley et al. [35] for ‘trustworthy,’ living SRs with

prospective modifications to the protocol that is more specific to this body region.

Design

This SR was reported in agreement with the PRISMA 2020 statement and flow diagram [42].

Eligibility criteria

This SR included English-language RCTs following PICOTS criteria [43]. The RCTs included

Patients 18 years of age or older with musculoskeletal impairments consistent with an alter-

ation in normal structure or function or an increase in pain or discomfort in the integument,

muscles, bone, or joints of the body of an individual, which limits the function of the musculo-

skeletal system [44]. Joints of the spine referred to the cervical or thoracic regions, while

peripheral joints referred to the shoulder (i.e., glenohumeral, scapulothoracic, and acromiocla-

vicular joints)—manual therapy Interventions involved mobilization and manipulation to treat

the spine or peripheral joints. Mobilization referred to a treatment that involved the clinician

applying a sustained or oscillatory (at variable speeds and amplitudes) mechanical input to a

joint to decrease pain and/or increase the range of motion [35]. Manipulation referred to a

treatment involving the clinician applying a high-velocity, low-amplitude thrust to a joint to

decrease pain and/or increase range of motion [35]. The manual therapy interventions were

Compared to placebo, no treatment, other forms of conservative care, or in addition to other

forms of conservative care. Other forms of conservative care included interventions like exer-

cise and electrothermal modalities [35]. The primary Outcomes included pain (Visual Analog

Scale [VAS] [45], Numeric Pain Rating Scale [NPRS]) and region-specific patient-reported

outcome measures (PROMs) such as the Shoulder Pain and Disability Index (SPADI) [46, 47]

and the Disabilities of the Arm, Shoulder and Hand (DASH) [48, 49] questionnaires. Potential

secondary outcomes were measures of the patient’s perceived improvement, such as the Global

Rating of Change (GRoC) [50] or Single Assessment Numeric Evaluation (SANE) [51], and

measures of positive (self-efficacy) [52] and negative (fear-avoidance [53], kinesiophobia [54])

psychological beliefs. Additionally, a modification to the published protocol was prospectively

made and registered to add range of motion (ROM) as an outcome measure. Time of follow-

up was [55]: Immediate = Closest to immediately following the intervention; Short-

term = Closest to 1 month; Intermediate-term = closest to 6-months; and Long-term = closest

to 12 months or longer. The types of Studies included RCTs. The following publication types

were excluded: theses, dissertations, pilot/feasibility studies, published conference abstracts,

cost-analysis studies, and secondary analyses of previously performed RCTs. Additionally,

RCTs, including participants with shoulder dysfunction resulting from surgery, radicular pain,

instability/dislocation, fracture, lymphedema, or radiation treatment, were excluded.

Information sources

The following databases were searched: PubMed, Cochrane Central Register of Controlled Tri-

als (CENTRAL), CINAHL, ProQuest Nursing & Allied Health, EBSCO Medline, and PEDro.
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Search strategy

The search parameters included RCTs from January 1, 2010, through August 3, 2023. The

search was executed on August 3, 2023. The specific search strategy for this SR is available in

the S1 Appendix: Search Strategy. A professional librarian assisted the authors in the develop-

ment of the search strategy through the use of the Peer Review of Electronic Search Strategies

(PRESS) checklist [56] according to each database used in the search [57, 58].

Study records

Data management. Our Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) diagram is provided (Fig 1). Title screening was performed in EndNote

(EndNote, Clarivate, Philadelphia, PA, USA). The results were imported into Covidence

(Covidence systematic review software, Veritas Health Innovation, Melbourne, Australia;

www.covidence.org) for abstract and full-text screening by two blinded authors (DWF and

SMS).

Fig 1. Study selection.

https://doi.org/10.1371/journal.pone.0297234.g001
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Selection process. We used the published protocol by Riley et al. [35] for the study selec-

tion process. Determination of prospective registration and whether the discussion and con-

clusion of the manuscript matched the registered protocol was accomplished by two blinded

authors (DWF and SMS). We followed the same protocol to establish external validity by

using the PEDro, ensuring the RCTs met the first criterion. Included studies also needed to

have a PEDro score of at least six. The included studies had to have a moderate to low risk-of-

bias as determined by the revised Cochrane risk-of-bias tool for randomized trials (RoB 2)

[59]. Any remaining studies were required to have a moderate to high rating on the Grading of

Recommendations, Assessment, Development, and Evaluations (GRADE) using Thoomes’

methodology [60].

Data collection process. Our data collection process was also adopted from Riley et al.

[35], specifically about recording registration status, whether the protocol was prospectively

registered, determination of whether the findings of the study were consistent with the pri-

mary aim and outcome, determination of the PEDro Score, and risk-of-bias assessment (per-

formed by two blinded reviewers (DWF and SMS).

Data items. The data items included our previously mentioned primary outcomes (i.e.,

pain and PROMs) and our potential secondary outcomes (e.g., ROM, GRoC, SANE, and posi-

tive and negative psychological beliefs). As previously defined, these were assessed across time

and recorded as immediate, short-term, intermediate, and long-term [55]. Our plan was for

data extraction to be completed in Covidence by two blinded reviewers (DWF and SMS) and

analysis to be performed in RevMan 5.

Data syntheses. As indicated in our prospectively registered protocol and the published

protocol by Riley et al. [35], data synthesis via a meta-analysis was planned.

Confidence in cumulative evidence. Per our published protocol [35], confidence in esti-

mated effects was to be established through our inclusion of prospectively registered RCTs and

reported findings consistent with the original registration and through the assessment of their

external and internal validity (PEDro assessment) and RoB screening. Finally, the strength of

the recommendation was to be rated using the GRADE. We made one modification to the pre-

vious protocol by Riley et al. [35] in case there were not enough homogeneous RCTs to synthe-

size using the GRADE evidence to recommendation framework. In this scenario, each study

would be evaluated to assess the confidence in the estimated effects by examining p-values (sta-

tistical significance), estimated effects (differences larger than the minimally detectable change

[MDC], minimal clinically important difference [MCID], and/or at least a moderate effect

size), and precision (the size of the reported confidence interval and if the confidence intervals

overlapped). This process has been previously described in the literature [38].

Results

Study selection (flow of studies)

The study selection process is outlined (Fig 1). Of the 9,196 studies identified and screened in

EndNote and Covidence, only 80 were included for abstract screening in Covidence. Twenty-

one studies were excluded, with 59 remaining for full-text review. Thirty-three studies were

excluded via full-text review, with 26 studies moving forward to assessment of ‘trustworthi-

ness’ via prospective registration, PEDro scale, and risk-of-bias assessment (Fig 2).

Fifteen studies were registered; however, only three were registered prospectively [61–63].

Kim et al. [61] was the only prospectively registered study where the discussion and conclusion

matched the primary outcome. Therefore, was the only study to undergo PEDro and risk-of-

bias assessment. Kheradmandi et al. [62] were excluded since the reviewers could not deter-

mine whether the primary outcome was used for the a priori power analysis. Three primary
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outcomes were registered, but the published article does not use the term primary or second-

ary when describing the outcomes, and the power analysis does not describe which variable

was used for the power analysis. Therefore, determining which of the three variables was used

in power analysis and should have been the focus of the discussion was not possible. Naranjo-

Cinto et al. [63] were excluded because the reviewers could not determine which outcome was

primary and whether it was used for the a priori power analysis. The published article listed

the VAS as the primary outcome, but the registration listed the SPADI as the primary out-

come. This prevented the reviewers from determining whether the discussion and conclusion

matched the primary outcome.

Fig 2. Prospective registration, quality, and risk-of-bias screening.

https://doi.org/10.1371/journal.pone.0297234.g002
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Study characteristics

The study by Kim et al. [61] underwent quality and risk-of-bias assessment. The study charac-

teristics are presented in Table 1. The studies excluded from this secondary screening process

and the reasons for their exclusion are reported in Table 2.

Risk of bias in studies

The PEDro scoring and RoB 2 ratings for the study by Kim et al. [61] are provided in Table 3.

Domains 1 through 3 were rated as low risk-of-bias, while Domain 5: Selection of the Reported

Result was scored as “some concerns.” This rating resulted from the reviewers having no infor-

mation regarding whether the data analysis plan, which was not part of the prospective clinical

trials registration, originally included the statistical procedures presented in the published arti-

cle (i.e., a 2 x 2 repeated measures ANOVA). Although, this statistical analysis is consistent

with the design of the trial. This study was rated as high risk-of-bias on Domain 4: Measure-

ment of the Outcome of the RoB 2 primarily due to the outcomes being assessed by the same

investigators who provided the intervention. Although some outcomes would probably be pro-

tected from bias given the assessment methods (e.g., dynamometry for strength), others would

be more susceptible to biased assessment (e.g., goniometry for range of motion). This resulted

in an overall rating of high risk-of-bias. This precluded the study from being included in fur-

ther analysis per our protocol.

Data synthesis and confidence in cumulative evidence

The removal of the single remaining RCT due to high risk-of-bias resulted in us having no

studies remaining for reporting outcomes, synthesis, reporting biases, or certainty of evidence

reporting.

Discussion

This review aimed to create a ‘trustworthy,’ living systematic review and meta-analysis that

could provide clinicians with minimally biased, current recommendations on the state of the

evidence for the manual therapy treatment of shoulder dysfunction. Unfortunately, we could

not identify any RCTs investigating the effect of manual therapy on shoulder dysfunction that

met our PICOTS question and were prospectively registered, whose discussion and conclu-

sions matched the primary outcome and passed quality and risk-of-bias screening. Only one

RCT by Kim et al. [61] could proceed to risk-of-bias assessment but was excluded from the

review due to a high risk-of-bias rating. These results are unfortunate, given that shoulder pain

was recently found to have an annual global incidence rate of 7.7 and 62 per 1,000 people

(median 37.8) [87]. This strongly indicates that having access to high-quality, trustworthy evi-

dence for managing shoulder dysfunction is imperative.

When we consider previous SRs examining the use of manual therapy for treating persons

with shoulder dysfunction, it is evident that problems identified in our SR are common. A lack

of prospective clinical trial registration and high bias levels are observed in the RCTs already

included in these previous SRs. For example, Satpute et al. [25] included 25 RCTs (published

Table 1. Studies included for quality and risk of bias assessment.

Authors Year Title Journal Volume Issue Pages

Kim et al.

[61]

2020 The application of the Neurac technique vs. manual therapy in patients during the acute

phase of subacromial impingement syndrome: A randomized single-blinded controlled trial

J Back Musculoskelet

Rehabil

33 4 645–653

https://doi.org/10.1371/journal.pone.0297234.t001
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Table 2. Studies excluded with reasons.

Authors Year Title Journal Volume Issue Pages Reason

Cook et al. [64] 2014 The addition of cervical unilateral posterior-anterior

mobilisation in the treatment of patients with shoulder

impingement syndrome: A randomised clinical trial

Man Ther 19 1 18–24 Retrospective registry

Coronado et al.

[65]

2015 The comparative effects of spinal and peripheral thrust

manipulation and exercise on pain sensitivity and the

relation to clinical outcome: A mechanistic trial using a

shoulder pain model

J Orthop Sports

Phys Ther

45 4 252–264 Unregistered

da Silva et al. [66] 2019 Immediate effects of spinal manipulation on shoulder

motion range and pain in individuals with shoulder pain: A

randomized trial

J Chiropr Med 18 1 19–26 Unregistered

Eliason et al. [67] 2021 Guided exercises with or without joint-mobilization or no

treatment in patients with subacromial pain syndrome

J Rehabil Med 53 5 2765 Retrospective registry

Grimes et al. [68] 2019 The comparative effects of upper thoracic spine thrust

manipulation techniques in individuals with subacromial

pain syndrome: A randomized clinical trial

J Orthop Sports

Phys Ther

49 10 716–724 Retrospective registry

Guimarães et al.

[69]

2016 Immediate effects of mobilization with movement vs sham

technique on range of motion, strength, and function in

patients with shoulder impingement syndrome:

Randomized clinical trial

J Manipulative

Physiol Ther

39 9 605–615 Retrospective registry

Gutiérrez-

Espinoza et al.

[70]

2023 Effectiveness of scapular mobilization in people with

subacromial impingement syndrome: A randomized

controlled trial

Ann Phys Rehabil

Med

66 5 101744 Retrospective registry

Haider et al. [71] 2018 Comparison of conservative exercise therapy with and

without Maitland Thoracic Manipulative therapy in

patients with subacromial pain: Clinical trial

J Pak Med Assoc 68 3 381–387 Unregistered

Haik et al. [72] 2017 Short-term effects of thoracic spine manipulation on

shoulder impingement syndrome: A randomized controlled

trial

Arch Phys Med

Rehabil

98 8 1594–

1605

Retrospective registry

Haik et al. [73] 2014 Scapular kinematics pre- and post-thoracic thrust

manipulation in individuals with and without shoulder

impingement symptoms: A randomized controlled study

J Orthop Sports

Phys Ther

44 7 475–487 Unregistered

Kardouni et al.

[74]

2015 Thoracic spine manipulation in individuals with

subacromial impingement syndrome does not immediately

alter thoracic spine kinematics, thoracic excursion, or

scapular kinematics: A randomized controlled trial

J Orthop Sports

Phys Ther

45 7 527–538 Unregistered

Kardouni et al.

[75]

2015 Immediate changes in pressure pain sensitivity after

thoracic spinal manipulative therapy in patients with

subacromial impingement syndrome: A randomized

controlled study

Man Ther 20 4 540–546 Unregistered

Khalil et al. [76] 2022 Comparison of Mulligan technique versus muscle energy

technique in patients with adhesive capsulitis

J Pak Med Assoc 72 2 211–215 Retrospective registry

Kheradmandi

et al. [62]

2021 Comparison between dry needling plus manual therapy

with manual therapy alone on pain and function in

overhead athletes with scapular dyskinesia: A randomized

clinical trial

J Bodyw Mov Ther 26 n/a 339–346 Discussion and conclusion

did not match primary

outcome

Lluch et al. [77] 2018 Effects of an anteroposterior mobilization of the

glenohumeral joint in overhead athletes with chronic

shoulder pain: A randomized controlled trial

Musculoskelet Sci

Pract

38 n/a 91–98 Retrospective registry

Menek et al. [78] 2019 The effect of Mulligan mobilization on pain and life quality

of patients with Rotator cuff syndrome: A randomized

controlled trial

J Back

Musculoskelet

Rehabil

32 1 171–178 Unregistered

Michener et al.

[79]

2015 Validation of a sham comparator for thoracic spinal

manipulation in patients with shoulder pain

Man Ther 20 1 171–175 Unregistered

Mintken et al. [80] 2016 Cervicothoracic manual therapy plus exercise therapy

versus exercise therapy alone in the management of

individuals with shoulder pain: A multicenter randomized

controlled trial

J Orthop Sports

Phys Ther

46 8 617–628 Retrospective registry

(Continued)
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through January 2021) in their SR, of which only six (24%) were registered. The prospective/

retrospective status of these six existing registrations is unclear in the review by Satpute et al.

[25]. The SR published by Minns Lowe et al. [19] included 30 RCTs, with only four rated as

having low bias levels. To the authors’ credit, these were the only studies included in the data

synthesis. Desjardins et al. [2] included 21, of which approximately 76% had a high risk of bias,

with approximately 81% not providing a registration number. Additionally, two-year delays in

publication are commonly observed in several of the previous SRs [3, 19, 21]. The most signifi-

cant delay was observed in the SR by Gebremariam et al. [16], where the search was conducted

through March 2009, but the SR itself was not published until November 2013.

Including RCTs with unestablished ‘trustworthiness’ in SRs may require revision of the SRs

if the RCTs are proven ‘untrustworthy’ (e.g., published inconsistent with the prospective

research record) in the future [88]. One method of preventing this unseemly occurrence

would be to avoid such RCTs from being included in SRs in the first place. We cannot assume

that all studies in SRs are ‘trustworthy,’ and establishing methodologies to prove the ‘trustwor-

thiness’ of RCTs included in SRs is warranted [89]. Our results indicate that 29 published SRs

[1–29] made it through the entirety of the peer-review process despite containing shortcom-

ings that prohibit a discerning reader from determining the quality of the outcomes and

conclusions.

Table 2. (Continued)

Authors Year Title Journal Volume Issue Pages Reason

Naranjo-Cinto

et al. [63]

2022 Real versus sham manual therapy in addition to therapeutic

exercise in the treatment of non-specific shoulder pain: A

randomized controlled trial

J Clin Med 11 15 4395 Discussion and conclusion

did not match primary

outcome

Pekgoz et al. [81] 2020 Comparison of mobilization with supervised exercise for

patients with subacromial impingement syndrome

Turk J Phys Med

Rehabil

66 2 184–192 Unregistered

Riley et al. [82] 2015 Short-term effects of thoracic spinal manipulations and

message conveyed by clinicians to patients with

musculoskeletal shoulder symptoms: A randomized clinical

trial

J Man Manip Ther 23 1 3–11 Retrospective registry

Satpute et al. [83] 2015 Efficacy of hand behind back mobilization with movement

for acute shoulder pain and movement impairment: A

randomized controlled trial

J Manip Physiol

Ther

38 5 324–334 Retrospective registry

Suri et al. [84] 2013 Comparative Study on the effectiveness of Maitland

Mobilization Technique Versus Muscle Energy Technique

in Treatment of Shoulder Adhesive Capsulitis

Indian J Physiother

Occup Ther

7 4 44932 Unregistered

Teys et al. [85] 2013 One-week time course of the effects of Mulligan’s

mobilisation with movement and taping in painful

shoulders

Man Ther 18 5 372–377 Unregistered

Yiasemides et al.

[86]

2011 Does passive mobilization of shoulder region joints provide

additional benefit over advice and exercise alone for people

who have shoulder pain and minimal movement

restriction? A randomized controlled trial

Phys Ther 91 2 178–189 Retrospective registry

https://doi.org/10.1371/journal.pone.0297234.t002

Table 3. PEDro and RoB Assessment.

Authors Official

PEDro

Scale

PEDro

Criterion 1

PEDro

Scores

RoB 2

Randomization

Process

RoB 2 Deviations

from the intended

interventions

RoB 2

Missing

outcome data

RoB 2

Measurement of

the outcome

RoB 2 Selection

of the reported

result

RoB 2

Overall

Risk

Kim et al.

2020 [61]

Yes Yes 6 Low Low Low High Some Concerns High

https://doi.org/10.1371/journal.pone.0297234.t003

PLOS ONE ’Trustworthy’ evidence for manual therapy and shoulder pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0297234 January 18, 2024 9 / 18

https://doi.org/10.1371/journal.pone.0297234.t002
https://doi.org/10.1371/journal.pone.0297234.t003
https://doi.org/10.1371/journal.pone.0297234


How much high-quality data supports manual therapy use for this

population?

In 2020, Pieters et al. [4] published a review of SRs surveying the evidence supporting interven-

tions, including manual therapy, in treating persons with subacromial shoulder pain. The

authors concluded there was “strong” evidence supporting the use of manual therapy when

paired with exercises; however, their definition of manual therapy was broader than the one

included herein, including both neurodynamic and soft tissue mobilization techniques, mak-

ing it difficult to determine precisely which interventions were helpful while simultaneously

raising the question if these RCTs were too heterogeneous to be synthesized. In response to

the review published by Pieters et al. [4], Littlewood et al. [39] published a Letter to the Editor

questioning the review’s conclusions, namely the lack of consideration given to confidence in

estimated effects, including a lack of analysis of wide confidence intervals observed and clini-

cally important differences, apart from p-values. Minns Lowe et al. [19] pointed out the impor-

tance of analyzing whether studies included in the SR had “clinically meaningful” findings.

A lack of ‘trustworthy’ evidence to guide the use of manual therapy by clinicians is not iso-

lated to shoulder dysfunction. Using the same protocol [35] as our review, Riley et al. [36]

were only able to identify a single ‘trustworthy’ RCT [90] guiding the use of manual therapy

for treating patients with non-radicular cervical spine impairments. Riley et al. [37] encoun-

tered similar results when investigating when manual therapy affects quantitative sensory test-

ing and patient-reported outcome measures with varying musculoskeletal impairments, with

only three RCTs [90–92] able to be included in the ‘trustworthy’ review. These results indicate

the problem is not isolated to studies investigating the use of manual therapy for treating

patients with dysfunction of a single joint but may apply to trials investigating the treatment

regardless of pathology/region. Even more concerning is the possibility this lack of ‘trustwor-

thy’ guidance may apply to many interventions employed by clinicians. Most concerning is the

invasion of ‘untrustworthy’ RCTs into a clinical practice guideline (CPG). For example,

O’Connell et al. [89] reported the CPG for the treatment of patients with acute and chronic

low back pain [93] included an ‘untrustworthy’ study by Monticone et al. [94]. O’Connell et al.

[89] found six areas of concern out of 11 criteria considered, including prospective registration

and plausibility of the findings, when examining the study by Monticone et al. [94]. Addition-

ally, the data therein closely resembled that of two other studies by Monticone, both of which

have been retracted and are cited herein to emphasize the impact ‘untrustworthy’ data can

have on professional treatment recommendations [95–98]. For example, the study [94] was

included in the CPG [93], representing 25% of the papers used to determine the evidence sup-

porting the inclusion of general exercise for treating low back pain. Despite being the only

paper to show beneficial effects, the CPG recommends prescribing available exercises. Manual

therapy may very well be an effective and efficient intervention method; we do not have strong

evidence supporting formal recommendations of the treatment [99] due to a lack of confi-

dence in previous findings and objective data.

Is our protocol too rigorous?

The International Society of Physiotherapy Journal Editors has embraced the ICMJE require-

ment for prospective clinical trial registration since 2012 [100]. In 2013, Pinto et al. [101]

reported that only 34% of clinical trials of physical therapy interventions were registered, and

only 6% prospectively. Forty-seven percent were found to have selective outcome reporting. In

2023, Silva et al. [102] published data from 2019 indicating that 63% of trials were registered;

however, only 18% were done so prospectively. Although registration and prospective registra-

tion rates have improved, the most concerning finding by Silva et al. [102] was that the rate of
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selective outcome reporting, a form of post-randomization bias, had increased to 73%. This

problem is not isolated to physical therapy literature. A recent article published in Nature dis-

cusses the alarming rate of research falsification across medical research when looking at the

publically available research data [88], a level of rigor that has not been employed in this SR’s

‘trustworthy’ process. Carlisle [103] in 2020 identified that 44% of the raw data examined was

faked or fatally flawed, calling these ‘zombie’ trials because they looked like real research but

were empty vessels impersonating research. Given that physical therapy clinical practice has

not meaningfully changed in the past 30 years [104], increased rigor involving moderate to

high-quality evidence that can be confidently translated into accurate strong clinical practice

recommendations is needed.

Is our protocol not rigorous enough?

Besides generating ‘untrustworthy’ findings, RCTs that fail to register and adhere to their ini-

tial research intent prospectively can become more misleading as they are incorporated into

systematic reviews, which have an even greater capacity to impact clinical practice. Richard

van Noorden has quoted Žarko Alfirević as stating, “‘An untrustworthy systematic review is far
more dangerous than an untrustworthy primary study [88].’” Establishing ‘trustworthy’ RCTs

supporting the application of manual therapy interventions for specific impairments is there-

fore critical as the profession aims to improve evidence-based practice and advocate for our

services at the national and local levels. Without ‘trustworthy’ data to back up our care plans,

we will not have adequate means of demonstrating our value to society and, most importantly,

our patients.

Limitations

The primary limitation of this SR is the absence of any RCTs that could be included for prac-

tice recommendations to be made. We could not implement our full protocol, including

GRADE assessment and an interpretation in confidence in estimated effects reported by

RCTs, given that the last RCT was eliminated at the risk-of-bias stage of our screening process.

Physical therapists’ use of recommended and non-recommended treatments in their clinical

practice has not changed in the past 30 years [104]. One possible reason for this is that the

quality of RCTs and the SRs that synthesize them have generally been critically low to low

[105]. It has been consistently recommended in SRs that research quality needs to improve to

answer the clinically relevant questions of practicing clinicians. This continued lack of ‘trust-

worthy’ evidence prevents this SR from being able to provide answers to this particular ques-

tion of clinical importance.

Conclusions

The goal of this SR was to establish ‘trustworthy’ recommendations for applying manual ther-

apy in treating patients with shoulder dysfunction. Our methodology could not identify any

RCTs meeting our inclusion/exclusion criteria that passed the screening process aimed at

determining ‘trustworthiness,’ leading to a complete absence of RCTs from which to derive

clinical recommendations. With manual therapy being one of the most prescribed interven-

tions in physical therapy practice and shoulder dysfunction being a common impairment in

our patients, creating strong, ‘trustworthy’ RCTs investigating the effectiveness of manual

therapy in treating patients with shoulder dysfunction is of utmost importance.

PLOS ONE ’Trustworthy’ evidence for manual therapy and shoulder pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0297234 January 18, 2024 11 / 18

https://doi.org/10.1371/journal.pone.0297234


Supporting information

S1 Appendix. Search strategy.

(PDF)

S2 Appendix. PRISMA checklist.

(PDF)

Acknowledgments

The authors would like to thank Nicholas Wharton, MLIS from the University of Hartford, for

his assistance in developing the search strategy.

Author Contributions

Conceptualization: Daniel W. Flowers, Brian T. Swanson, Stephen M. Shaffer, Sean P. Riley.

Data curation: Daniel W. Flowers, Brian T. Swanson, Stephen M. Shaffer, Sean P. Riley.

Formal analysis: Daniel W. Flowers, Brian T. Swanson, Stephen M. Shaffer, Sean P. Riley.

Investigation: Daniel W. Flowers, Brian T. Swanson, Stephen M. Shaffer, Sean P. Riley.

Methodology: Daniel W. Flowers, Brian T. Swanson, Sean P. Riley.

Project administration: Daniel W. Flowers, Sean P. Riley.

Resources: Daniel W. Flowers, Derek J. Clewley, Sean P. Riley.

Software: Daniel W. Flowers, Sean P. Riley.

Supervision: Daniel W. Flowers, Sean P. Riley.

Validation: Daniel W. Flowers, Sean P. Riley.

Visualization: Sean P. Riley.

Writing – original draft: Daniel W. Flowers, Brian T. Swanson, Stephen M. Shaffer, Sean P.

Riley.

Writing – review & editing: Daniel W. Flowers, Brian T. Swanson, Stephen M. Shaffer, Derek

J. Clewley, Sean P. Riley.

References
1. Ho C-YC, Sole G, Munn J. The effectiveness of manual therapy in the management of musculoskele-

tal disorders of the shoulder: A systematic review. Man Ther. 2009; 14(5):463–74. https://doi.org/10.

1016/j.math.2009.03.008 PMID: 19467911

2. Desjardins-Charbonneau A, Roy J-S, Dionne CE, Frémont P, MacDermid JC, Desmeules F. The effi-

cacy of manual therapy for rotator cuff tendinopathy: A systematic review and meta-analysis. J Orthop

Sports Phys Ther. 2015; 45(5):330–50. https://doi.org/10.2519/jospt.2015.5455 PMID: 25808530

3. Noten S, Meeus M, Stassijns G, Van Glabbeek F, Verborgt O, Struyf F. Efficacy of different types of

mobilization techniques in patients with primary adhesive capsulitis of the shoulder: A systematic

review. Arch Phys Med Rehabil. 2016; 97(5):815–25. https://doi.org/10.1016/j.apmr.2015.07.025

PMID: 26284892

4. Pieters L, Lewis J, Kuppens K, Jochems J, Bruijstens T, Joossens L, et al. An update of systematic

reviews examining the effectiveness of conservative physical therapy interventions for subacromial

shoulder pain. J Orthop Sports Phys Ther. 2020; 50(3):131–41. https://doi.org/10.2519/jospt.2020.

8498 PMID: 31726927

5. Paraskevopoulos E, Plakoutsis G, Chronopoulos E, Maria P. Effectiveness of combined program of

manual therapy and exercise vs exercise only in patients with rotator cuff-related shoulder pain: A

PLOS ONE ’Trustworthy’ evidence for manual therapy and shoulder pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0297234 January 18, 2024 12 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0297234.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0297234.s002
https://doi.org/10.1016/j.math.2009.03.008
https://doi.org/10.1016/j.math.2009.03.008
http://www.ncbi.nlm.nih.gov/pubmed/19467911
https://doi.org/10.2519/jospt.2015.5455
http://www.ncbi.nlm.nih.gov/pubmed/25808530
https://doi.org/10.1016/j.apmr.2015.07.025
http://www.ncbi.nlm.nih.gov/pubmed/26284892
https://doi.org/10.2519/jospt.2020.8498
https://doi.org/10.2519/jospt.2020.8498
http://www.ncbi.nlm.nih.gov/pubmed/31726927
https://doi.org/10.1371/journal.pone.0297234


systematic review and meta-analysis. Sports Health. 2022:19417381221136104. https://doi.org/10.

1177/19417381221136104 PMID: 36517977

6. Brudvig TJ, Kulkarni H, Shah S. The effect of therapeutic exercise and mobilization on patients with

shoulder dysfunction: A systematic review with meta-analysis. J Orthop Sports Phys Ther. 2011; 41

(10):734–48. https://doi.org/10.2519/jospt.2011.3440 PMID: 21891875

7. Brantingham JW, Cassa TK, Bonnefin D, Jensen M, Globe G, Hicks M, et al. Manipulative therapy for

shoulder pain and disorders: Expansion of a systematic review. J Manipulative Physiol Ther. 2011; 34

(5):314–46. https://doi.org/10.1016/j.jmpt.2011.04.002 PMID: 21640255

8. Page MJ, Green S, Kramer S, Johnston RV, McBain B, Chau M, et al. Manual therapy and exercise

for adhesive capsulitis (frozen shoulder). Cochrane Database of Systematic Reviews. 2014; 8:

CD011275. https://doi.org/10.1002/14651858.CD011275 PMID: 25157702

9. Peek AL, Miller C, Heneghan NR. Thoracic manual therapy in the management of non-specific shoul-

der pain: A systematic review. J Man Manip Ther. 2015; 23(4):176–87. https://doi.org/10.1179/

2042618615Y.0000000003 PMID: 26917935
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27. Zavala-González J, Pavez-Baeza F, Gutiérrez-Espinoza H, Olguı́n-Huerta C. The effectiveness of

joint mobilization techniques for range of motion in adult patients with primary adhesive capsulitis of

the shoulder: A systematic review and meta-analysis. 2018; 18(5):e7265. https://doi.org/10.5867/

medwave.2018.05.7265 PMID: 30312288

28. Innocenti T, Ristori D, Miele S, Testa M. The management of shoulder impingement and related disor-

ders: A systematic review on diagnostic accuracy of physical tests and manual therapy efficacy. J

Bodyw Mov Ther. 2019; 23(3):604–18. https://doi.org/10.1016/j.jbmt.2018.08.002 PMID: 31563378

29. Babatunde OO, Ensor J, Littlewood C, Chesterton L, Jordan JL, Corp N, et al. Comparative effective-

ness of treatment options for subacromial shoulder conditions: A systematic review and network meta-

analysis. Ther Adv Musculoskelet Dis. 2021; 13:1759720X211037530. https://doi.org/10.1177/

1759720X211037530 PMID: 34527083

30. Azar M, Riehm KE, Saadat N, Sanchez T, Chiovitti M, Qi L, et al. Evaluation of journal registration poli-

cies and prospective registration of randomized clinical trials of nonregulated health care interventions.

JAMA Internal Medicine. 2019; 179(5):624–32. https://doi.org/10.1001/jamainternmed.2018.8009

PMID: 30855655

31. Riley SP, Swanson BT, Shaffer SM, Sawyer SF, Cleland JA. The unknown prevalence of postrando-

mization bias in 15 physical therapy journals: A methods review. J Orthop Sports Phys Ther. 2021; 51

(11):542–50. https://doi.org/10.2519/jospt.2021.10491 PMID: 34546817

32. Loder E, Loder S, Cook S. Characteristics and publication fate of unregistered and retrospectively reg-

istered clinical trials submitted to The BMJ over 4 years. BMJ Open. 2018; 8(2):e020037. https://doi.

org/10.1136/bmjopen-2017-020037 PMID: 29453302

33. Riley SP, Swanson B, Brismée J-M, Sawyer SF. A systematic review of orthopaedic manual therapy

randomized clinical trials quality. J Man Manip Ther. 2016; 24(5):241–52. https://doi.org/10.1080/

10669817.2015.1119372 PMID: 27956817

34. Riley SP, Swanson BT, Shaffer SM, Somma MJ, Flowers DW, Sawyer SF. Is the quality of systematic

reviews influenced by prospective registration: A methods review of systematic musculoskeletal physi-

cal therapy reviews. J Man Manip Ther. 2023; 31(3):184–197. https://doi.org/10.1080/10669817.

2022.2110419 PMID: 35942578

35. Riley SP, Swanson BT, Shaffer SM, Cook CE. Protocol for the development of a ‘trustworthy’ living

systematic review and meta analyses of manual therapy interventions to treat neuromusculoskeletal

impairments. J Man Manip Ther. 2022:1–11. https://doi.org/10.1080/10669817.2022.2119528 PMID:

36082787

36. Riley SP, Shaffer SM, Flowers DW, Hofbauer MA, Swanson BT. Manual therapy for non-radicular cer-

vical spine related impairments: Establishing a ‘Trustworthy’living systematic review and meta-analy-

sis. J Man Manip Ther. 2023; 31(4):231–245. https://doi.org/10.1080/10669817.2023.2201917 PMID:

37067434

37. Riley SP, Swanson BT, Shaffer SM, Flowers DW, Hofbauer MA, Liebano RE. Does manual therapy

meaningfully change quantitative sensory testing and patient reported outcome measures in patients

with musculoskeletal impairments related to the spine?: A ‘trustworthy’systematic review and meta-

analysis. J Man Manip Ther. 2023:1–16. https://doi.org/10.1080/10669817.2023.2247235 PMID:

37622723

38. Riley SP, Swanson BT, Cook CE. “Trustworthiness,” confidence in estimated effects, and confidently

translating research into clinical practice. Arch Physiother. 2023; 13(1):8. https://doi.org/10.1186/

s40945-023-00162-9 PMID: 37024951

39. Littlewood C, Jesson T, Foster N. Can" strong" recommendations be made for exercise and manual

therapy in treating subacromial shoulder pain? J Orthop Sports Phys Ther. 2020; 50(4):216–7. https://

doi.org/10.2519/jospt.2020.0202

40. Riley SP, Swanson BT, Shaffer SM, Flowers DW, Cook CE, Brismée JM. Why do ‘Trustworthy’ living

systematic reviews matter? J Man Manip Ther. 2023; 31(4):215–9. https://doi.org/10.1080/10669817.

2023.2229610 PMID: 37403471

PLOS ONE ’Trustworthy’ evidence for manual therapy and shoulder pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0297234 January 18, 2024 14 / 18

https://doi.org/10.1016/j.msksp.2017.10.006
http://www.ncbi.nlm.nih.gov/pubmed/29055216
https://doi.org/10.1080/10669817.2021.1955181
http://www.ncbi.nlm.nih.gov/pubmed/34334099
https://doi.org/10.1179/106698109791352076
https://doi.org/10.1179/106698109791352076
http://www.ncbi.nlm.nih.gov/pubmed/20140151
https://doi.org/10.5867/medwave.2018.05.7265
https://doi.org/10.5867/medwave.2018.05.7265
http://www.ncbi.nlm.nih.gov/pubmed/30312288
https://doi.org/10.1016/j.jbmt.2018.08.002
http://www.ncbi.nlm.nih.gov/pubmed/31563378
https://doi.org/10.1177/1759720X211037530
https://doi.org/10.1177/1759720X211037530
http://www.ncbi.nlm.nih.gov/pubmed/34527083
https://doi.org/10.1001/jamainternmed.2018.8009
http://www.ncbi.nlm.nih.gov/pubmed/30855655
https://doi.org/10.2519/jospt.2021.10491
http://www.ncbi.nlm.nih.gov/pubmed/34546817
https://doi.org/10.1136/bmjopen-2017-020037
https://doi.org/10.1136/bmjopen-2017-020037
http://www.ncbi.nlm.nih.gov/pubmed/29453302
https://doi.org/10.1080/10669817.2015.1119372
https://doi.org/10.1080/10669817.2015.1119372
http://www.ncbi.nlm.nih.gov/pubmed/27956817
https://doi.org/10.1080/10669817.2022.2110419
https://doi.org/10.1080/10669817.2022.2110419
http://www.ncbi.nlm.nih.gov/pubmed/35942578
https://doi.org/10.1080/10669817.2022.2119528
http://www.ncbi.nlm.nih.gov/pubmed/36082787
https://doi.org/10.1080/10669817.2023.2201917
http://www.ncbi.nlm.nih.gov/pubmed/37067434
https://doi.org/10.1080/10669817.2023.2247235
http://www.ncbi.nlm.nih.gov/pubmed/37622723
https://doi.org/10.1186/s40945-023-00162-9
https://doi.org/10.1186/s40945-023-00162-9
http://www.ncbi.nlm.nih.gov/pubmed/37024951
https://doi.org/10.2519/jospt.2020.0202
https://doi.org/10.2519/jospt.2020.0202
https://doi.org/10.1080/10669817.2023.2229610
https://doi.org/10.1080/10669817.2023.2229610
http://www.ncbi.nlm.nih.gov/pubmed/37403471
https://doi.org/10.1371/journal.pone.0297234


41. Research NIoH. Reviews of methodology University of York, York, UK, YO10 5DD: University of York

Centre for Reviews and Dissemination; 2020 [11/22/2020]. Available from: https://www.crd.york.ac.

uk/prospero/#sub_methodology.

42. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. PRISMA 2020 explana-

tion and elaboration: Updated guidance and exemplars for reporting systematic reviews. BMJ. 2021;

372:n160. Epub 20210329. https://doi.org/10.1136/bmj.n160 PMID: 33781993

43. Hartmann KE, Matchar DB, Chang SM. Assessing applicability of medical test studies in systematic

reviews. In: Chang SM, Matchar DB, Smetana GW, Umscheid CA, editors. Methods guide for medical

test reviews. AHRQ Methods for Effective Health Care. Rockville (MD); 2012.

44. Organization WH. International Classification of Functioning disability and Health. Geneva: World

Health Organisation; 2001.

45. Hayes M. Experimental development of the graphic rating method. Psychol Bull. 1921; 18:98–9.

46. Roach KE, Budiman-Mak E, Songsiridej N, Lertratanakul Y. Development of a shoulder pain and dis-

ability index. Arthritis Rheum. 1991; 4(4):143–9. PMID: 11188601

47. Riley SP, Tafuto V, Cote M, Brismée J-M, Wright A, Cook C. Reliability and relationship of the fear-

avoidance beliefs questionnaire with the shoulder pain and disability index and numeric pain rating

scale in patients with shoulder pain. Physiother Theory Pract. 2019; 35(5):464–70. https://doi.org/10.

1080/09593985.2018.1453004 PMID: 29558227

48. Hudak PL, Amadio PC, Bombardier C, Beaton D, Cole D, Davis A, et al. Development of an upper

extremity outcome measure: The DASH (disabilities of the arm, shoulder, and head). Am J Ind Med.

1996; 29(6):602–8. https://doi.org/10.1002/(SICI)1097-0274(199606)29:6<602::AID-AJIM4>3.0.

CO;2-L

49. Franchignoni F, Vercelli S, Giordano A, Sartorio F, Bravini E, Ferriero G. Minimal clinically important

difference of the disabilities of the arm, shoulder and hand outcome measure (DASH) and its short-

ened version (QuickDASH). J Orthop Sports Phys Ther. 2014; 44(1):30–9. https://doi.org/10.2519/

jospt.2014.4893 PMID: 24175606

50. Jaeschke R, Singer J, Guyatt GH. Measurement of health status: Ascertaining the minimal clinically

important difference. Control Clin Trials. 1989; 10(4):407–15. https://doi.org/10.1016/0197-2456(89)

90005-6 PMID: 2691207

51. Williams GN, Gangel TJ, Arciero RA, Uhorchak JM, Taylor DC. Comparison of the single assessment

numeric evaluation method and two shoulder rating scales. Am J Sports Med. 1999; 27(2):214–21.

https://doi.org/10.1177/03635465990270021701 PMID: 10102104

52. Schwarzer R, Jerusalem M. Generalized self-efficacy scale. J Weinman, S Wright, & M Johnston,

Measures in health psychology: A user’s portfolio. Causal and control beliefs. 1995; 35:37.

53. Waddell G, Newton M, Henderson I, Somerville D, Main CJ. A Fear-Avoidance Beliefs Questionnaire

(FABQ) and the role of fear-avoidance beliefs in chronic low back pain and disability. Pain. 1993; 52

(2):157–68. https://doi.org/10.1016/0304-3959(93)90127-B PMID: 8455963

54. Woby SR, Roach NK, Urmston M, Watson PJ. Psychometric properties of the TSK-11: a shortened

version of the Tampa Scale for Kinesiophobia. Pain. 2005; 117(1–2):137–44. https://doi.org/10.1016/j.

pain.2005.05.029 PMID: 16055269

55. Blanpied PR, Gross AR, Elliott JM, Devaney LL, Clewley D, Walton DM, et al. Neck pain: Revision

2017. J Orthop Sports Phys Ther. 2017; 47(7):A1–A83. https://doi.org/10.2519/jospt.2017.0302

PMID: 28666405

56. McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C. PRESS peer review of

electronic search strategies: 2015 guideline statement. J Clin Epidemiol. 2016; 75(Supplement C):40–

6. https://doi.org/10.1016/j.jclinepi.2016.01.021.

57. Furlan AD, Malmivaara A, Chou R, Maher CG, Deyo RA, Schoene M, et al. 2015 updated method

guideline for systematic reviews in the Cochrane Back and Neck Group. Spine. 2015; 40(21):1660–

73. https://doi.org/10.1097/BRS.0000000000001061 PMID: 26208232

58. Lefebvre C, Manheimer E, Glanville J. Searching for studies. Cochrane handbook for systematic

reviews of interventions. 2008:95–150. https://handbook-5-1.cochrane.org/chapter_6/6_searching_

for_studies.htm

59. Sterne JA, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: A revised tool for

assessing risk of bias in randomised trials. BMJ. 2019; 366. https://doi.org/10.1136/bmj.l4898 PMID:

31462531

60. Thoomes EJ. Effectiveness of manual therapy for cervical radiculopathy, a review. Chiropr Man

Therap. 2016; 24:45. Epub 2016/12/17. https://doi.org/10.1186/s12998-016-0126-7 PMID: 27980724

61. Kim S-Y, Dvir Z, Oh J-S. The application of the Neurac technique vs. manual therapy in patients during

the acute phase of subacromial impingement syndrome: A randomized single-blinded controlled trial.

PLOS ONE ’Trustworthy’ evidence for manual therapy and shoulder pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0297234 January 18, 2024 15 / 18

https://www.crd.york.ac.uk/prospero/#sub_methodology
https://www.crd.york.ac.uk/prospero/#sub_methodology
https://doi.org/10.1136/bmj.n160
http://www.ncbi.nlm.nih.gov/pubmed/33781993
http://www.ncbi.nlm.nih.gov/pubmed/11188601
https://doi.org/10.1080/09593985.2018.1453004
https://doi.org/10.1080/09593985.2018.1453004
http://www.ncbi.nlm.nih.gov/pubmed/29558227
https://doi.org/10.1002/%28SICI%291097-0274%28199606%2929%3A6%26lt%3B602%3A%3AAID-AJIM4%26gt%3B3.0.CO%3B2-L
https://doi.org/10.1002/%28SICI%291097-0274%28199606%2929%3A6%26lt%3B602%3A%3AAID-AJIM4%26gt%3B3.0.CO%3B2-L
https://doi.org/10.2519/jospt.2014.4893
https://doi.org/10.2519/jospt.2014.4893
http://www.ncbi.nlm.nih.gov/pubmed/24175606
https://doi.org/10.1016/0197-2456%2889%2990005-6
https://doi.org/10.1016/0197-2456%2889%2990005-6
http://www.ncbi.nlm.nih.gov/pubmed/2691207
https://doi.org/10.1177/03635465990270021701
http://www.ncbi.nlm.nih.gov/pubmed/10102104
https://doi.org/10.1016/0304-3959%2893%2990127-B
http://www.ncbi.nlm.nih.gov/pubmed/8455963
https://doi.org/10.1016/j.pain.2005.05.029
https://doi.org/10.1016/j.pain.2005.05.029
http://www.ncbi.nlm.nih.gov/pubmed/16055269
https://doi.org/10.2519/jospt.2017.0302
http://www.ncbi.nlm.nih.gov/pubmed/28666405
https://doi.org/10.1016/j.jclinepi.2016.01.021
https://doi.org/10.1097/BRS.0000000000001061
http://www.ncbi.nlm.nih.gov/pubmed/26208232
https://handbook-5-1.cochrane.org/chapter_6/6_searching_for_studies.htm
https://handbook-5-1.cochrane.org/chapter_6/6_searching_for_studies.htm
https://doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1186/s12998-016-0126-7
http://www.ncbi.nlm.nih.gov/pubmed/27980724
https://doi.org/10.1371/journal.pone.0297234


J Back Musculoskelet Rehabil. 2020; 33(4):645–53. https://doi.org/10.3233/BMR-170884 PMID:

31594195

62. Kheradmandi A, Kamali F, Ebrahimian M, Abbasi L. Comparison between dry needling plus manual

therapy with manual therapy alone on pain and function in overhead athletes with scapular dyskinesia:

A randomized clinical trial. J Bodyw Mov Ther. 2021; 26:339–46. https://doi.org/10.1016/j.jbmt.2020.

11.017 PMID: 33992267

63. Naranjo-Cinto F, Cerón-Cordero A-I, Figueroa-Padilla C, Galindo-Paz D, Fernández-Carnero S, Gal-

lego-Izquierdo T, et al. Real versus sham manual therapy in addition to therapeutic exercise in the

treatment of non-specific shoulder pain: A randomized controlled trial. J Clin Med. 2022; 11(15):4395.

https://doi.org/10.3390/jcm11154395 PMID: 35956009

64. Cook C, Learman K, Houghton S, Showalter C, O’Halloran B. The addition of cervical unilateral poste-

rior–anterior mobilisation in the treatment of patients with shoulder impingement syndrome: A rando-

mised clinical trial. Man Ther. 2014; 19(1):18–24. https://doi.org/10.1016/j.math.2013.05.007 PMID:

23791561

65. Coronado RA, Bialosky JE, Bishop MD, Riley 3rd JL, Robinson ME, Michener LA, et al. The compara-

tive effects of spinal and peripheral thrust manipulation and exercise on pain sensitivity and the relation

to clinical outcome: A mechanistic trial using a shoulder pain model. J Orthop Sports Phys Ther. 2015;

45(4):252–64. https://doi.org/10.2519/jospt.2015.5745 PMID: 25739842

66. da Silva AC, Santos GM, de Godoy Marques CM, Marques JLB. Immediate effects of spinal manipula-

tion on shoulder motion range and pain in individuals with shoulder pain: A randomized trial. J Chiropr

Med. 2019; 18(1):19–26. https://doi.org/10.1016/j.jcm.2018.10.001

67. Eliason A, Harringe M, Engström B, Werner S. Guided exercises with or without joint mobilization or

no treatment in patients with subacromial pain syndrome: A clinical trial. J Rehabil Med. 2021; 53(5):

jrm00190. https://doi.org/10.2340/16501977-2806 PMID: 33634829

68. Grimes JK, Puentedura EJ, Cheng MS, Seitz AL. The comparative effects of upper thoracic spine

thrust manipulation techniques in individuals with subacromial pain syndrome: A randomized clinical

trial. J Orthop Sports Phys Ther. 2019; 49(10):716–24. https://doi.org/10.2519/jospt.2019.8484 PMID:

30862274

69. Guimarães JF, Salvini TF, Siqueira AL Jr, Ribeiro IL, Camargo PR, Alburquerque-Sendı́n F. Immedi-

ate effects of mobilization with movement vs sham technique on range of motion, strength, and func-

tion in patients with shoulder impingement syndrome: Randomized clinical trial. J Manipulative Physiol

Ther. 2016; 39(9):605–15. https://doi.org/10.1016/j.jmpt.2016.08.001 PMID: 27829501
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