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Objective: To determine effects of thrust manipulation 
plus one conservative intervention for non-surgical 
shoulder pain and disability due to rotator cuff 
dysfunction. 
 Methods: This review followed PRISMA guidelines. 
The databases searched were PubMed, PEDro, ICL, 
CINAHL, and AMED. Included were randomized 
trials with at least one group assigned to receive thrust 
manipulation and one adjunct conservative therapy. The 

Objectif : Évaluer les effets de la manipulation avec 
impulsion associée à une intervention conservatrice 
pour traiter la douleur à l’épaule ne nécessitant pas 
d’intervention chirurgicale et l’incapacité causée par 
une pathologie de la coiffe des rotateurs. 
 Méthodologie : La présente revue a été réalisée 
conformément aux lignes directrices  PRISMA. Les 
bases de données interrogées sont PubMed, PEDro, 
ICL, CINAHL et AMED. Sont compris dans la revue des 
essais avec répartition aléatoire réalisés avec au moins 
un groupe de sujets devant subir une manipulation avec 
impulsion et une thérapie conservatrice d’appoint. On 
a utilisé l’échelle PEDro pour évaluer la qualité de la 
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Introduction
Shoulder pain is a prevalent condition with a lifetime oc-
currence of 1 in 3 people.1 In the U.S., patients with rota-
tor cuff disease comprise the majority (65%) of shoulder 
pain-related visits to physicians2,3, and the incidence of 
rotator cuff conditions is expected to increase in an aging 
population of active patients with a low tolerance for dys-
function or physical restrictions3,4. Rotator cuff conditions 
are typically diagnosed as tendinopathy which includes 
external or internal impingement, tendinitis, tendinosis 
with degeneration, and partial-thickness tendon tears.5

 It is important to use and further develop non-sur-
gical interventions for rotator cuff conditions to reduce 
risk and cost.6-8 Systematic reviews have been conducted 
evaluating manual therapies (including manipulation) 
for shoulder pain and conditions such as rotator cuff 
disease, and several have reported a moderate level of 
evidence supporting effectiveness.9-11 However, some 
reviews have included studies with limitations such as 

small randomized controlled trials without statistical 
differences between intervention groups or lacking the 
analyses or power to detect differences, and case reports 
and series.12-15 Additionally, previous systematic reviews 
do not adequately isolate the clinical effect of single or 
multiple conservative interventions (defined as those 
without medications, injections, or surgery) for shoulder 
conditions. This is particularly problematic for manual 
therapists including doctors of chiropractic because they 
often use multimodal treatments, combining therapies 
such as manipulation, mobilization, exercise, and mas-
sage.16,17 Without this knowledge, clinicians must ask 
important questions for each patient with shoulder pain 
such as: How many treatment interventions should be 
employed? What combinations of treatments are most 
effective? and What treatment combinations are ineffect-
ive or counterproductive? Though they generally endorse 
many conservative therapies, former systematic reviews 
don’t answer these questions. Thus, clinicians must make 

PEDro scale was used to assess methodological quality 
and GRADE for analysis. 
 Results: The search yielded 2088 articles with 
one meeting eligibility criteria. The trial examined 
thrust manipulation with exercise compared to sham. 
Statistically significant improvements in pain and 
disability were reported within but not between groups. 
Evidence quality according to the PEDro scale was 
good; GRADE was moderate. 
 Conclusion: Few trials have been conducted 
studying thrust manipulation plus another conservative 
intervention for rotator cuff conditions rendering 
available evidence of thrust manipulation plus exercise 
insufficient to determine effects of this combined 
treatment. 
 
 
 
 
 
(JCCA. 2018;62(1):5-17) 
 
k e y  w o r d s : chiropractic, thrust manipulation, 
manual therapy, rotator cuff, shoulder

méthodologie et la méthode GRADE pour analyser la 
littérature. 
 Résultats : La recherche a permis de repérer 2 088 
articles dont un satisfaisant les critères d’admissibilité. 
L’essai visait à comparer les effets de la manipulation 
avec impulsion associée à des exercices à ceux d’un 
traitement fictif. Des améliorations significatives sur 
le plan clinique de la douleur et de l’incapacité ont été 
signalées à l’intérieur des groupes, mais non pas entre 
les groupes. La qualité des preuves était bonne selon 
l’échelle PEDro; la qualité de la méthode GRADE était 
moyenne. 
 Conclusion : Il existe peu d’essais sur la 
manipulation avec impulsion associée à une intervention  
conservatrice pour traiter les pathologies de la coiffe 
des rotateurs; par conséquent, les données probantes sur 
la manipulation avec impulsion associée à des exercices 
sont insuffisantes pour évaluer les effets de ce traitement 
associatif. 
 
(JCCA. 2018;62(1):5-17) 
 
m o t s - c l é s  : chiropratique, manipulation avec 
impulsion, coiffe des rotateurs, épaule
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important intervention choices for common shoulder 
conditions without the support of strong scientific evi-
dence.
 Recently, Minkalis et al. performed a systematic re-
view of thrust manipulation as a solitary treatment for 
shoulder pain and related disorders.18 The review iden-
tified only a few studies using spinal or extremity thrust 
manipulation alone for the treatment of shoulder im-
pingement syndrome. Due to the paucity of evidence, the 
review concluded there is insufficient data to support or 
refute thrust manipulation as a singular intervention for 
shoulder pain and disability. Thrust manipulation was not 
significantly more effective than sham. However, patients 
receiving thrust manipulation consistently reported re-
duced pain suggesting there is a mild therapeutic benefit. 
Given the small therapeutic effectiveness of this individ-
ual treatment, it is reasonable to question whether com-
bining it with another intervention can contribute to an 
additive or synergistic effect. Therefore, the next logical 
question in this line of research should ask whether add-
ing an additional conservative therapy to thrust manipula-
tion demonstrates greater therapeutic effect. The purpose 
of this systematic review is to evaluate clinical trial evi-
dence to determine the effectiveness of thrust manipula-
tion plus one conservative intervention for the non-sur-
gical management of shoulder pain and/or dysfunction 
associated with the rotator cuff.

Methods
This systematic review was conducted and reported ac-

cording to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines.

Literature search
The electronic databases PubMed, Physiotherapy Evi-
dence Database (PEDro), Index to Chiropractic Literature 
(ICL), Cumulative Index to Nursing and Allied Health 
Literature (CINAHL), and the Allied and Complementary 
Medicine Database (AMED) were searched from incep-
tion to May 2017. The search strategies were developed 
with a health sciences librarian and an example strategy is 
included in Appendix 1. References from articles that met 
the eligibility criteria and systematic reviews retrieved 
during the electronic search were hand-searched for stud-
ies potentially missed initially. The WHO International 
Clinical Trials Registry Platform (www.who.int/ictrp/
en/) and U.S. National Institutes of Health (https://clinic-
altrials.gov/) were also searched to identify unpublished 
trials to evaluate the presence and magnitude of publi-
cation bias. This approach is consistent with the updated 
method guideline for systematic reviews published by the 
Cochrane Back and Neck Group.19

Eligibility criteria
Articles published in any language in peer-reviewed jour-
nals were screened for eligibility and included based on 
the criteria outlined in Table 1. Thrust manipulation was 
defined as high-velocity low-amplitude (HVLA) or Grade 
V mobilization, characterized by a single thrust directed 
to a specific joint and often resulting in an audible cavi-

Table 1. Article eligibility criteria.

Inclusion Exclusion
•  Randomized controlled trials
•  Studies including human participants of any age
•  Studies with the following interventions: thrust 

manipulation plus one conservative therapy in at 
least one study group

•  Studies reporting a confirmed diagnosis of or 
systematic diagnostic procedures categorizing 
shoulder symptom(s) as a rotator cuff or related 
disorder

•  Studies involving thrust manipulation under anesthesia
•  Studies including pharmaceuticals or injections 

included in treatment protocols
•  Studies lacking procedural descriptions of treatments
•  Studies including a single intervention
•  Studies including manipulation plus 2 or more 

conservative treatments
•  Studies involving participants requiring surgical 

evaluation or post-surgical conditions



8 J Can Chiropr Assoc 2018; 62(1)

A systematic review of thrust manipulation combined with one conservative intervention for non-surgical shoulder conditions

Table 2. 
Characteristics of the included study for treatments for the management of rotator cuff or related disorders.

Author 
& Year Participants

Diagnostic 
confirmation 
procedures

Intervention Comparison Treatment 
frequency

Data 
collection

Outcome 
Measures Results Conclusion

Riley 
et al. 
201526

n=88

Mean age 49, 
both groups

Mean 
duration 
6 mo

Shoulder pain ≥2/10 
but ≤8/10; at least 1 
positive Hawkins-
Kennedy, Neer 
Impingement, painful 
resisted abduction, 
or painful resisted 
external rotation at 
00 of abduction with 
elbows bent to 900

Group 1:
TTM,a 
positive 
message and 
home exercise 
program

Group 3:
TTM, neutral 
message and 
home exercise 
program

Group 2:
STM,b 
positive 
message and 
home exercise 
program

Group 4:
STM, neutral 
message and 
home exercise 
program

1 treatment Pre, 
immediate 
post-treatment 
and 1-week 
follow-up

NPRSc

(1-10)

SPADIe

(0-130)

Pre-post mean change 
present pain combined 
group*: 1.76 (0.99-
2.54)**; pain with AROMd 

combined group: 1.36 
(0.63-2.10)**

Pre-post mean change 
combined group: 8.74 
(6.00-11.49)**

No statistically 
significant differences 
between treatments or 
type of message

aThoracic thrust manipulation; bScapular thrust manipulation (sham); cNumeric Pain Rating Scale; dActive range of motion; eShoulder Pain and Disability Index (higher score reflects 
more disability); *Inferential statistical analysis was done with TTM vs STM, messaging and treatment allocation as the grouping variable; **Means (95% confidence interval)

Records identified through 
database search (n=2088)

Records identified 
via hand searches (n=0)

Records identified on 
clinical trial registries (n=6)

•  Publications excluded based on review 
of title (n=1820)

•  Clinical trial records excluded (n=6)
•  Publications excluded based on 

abstract review (n=204)

Full-text articles excluded (n=63)
•  No thrust manipulation (n=35)
•  More than 1 additional conservative 

therapy (n=4)
•  Manipulation only (n=7)
•  Intervention not described (n=6)
•  No systematic diagnosis (n=5)
•  Abstract only (n=2)
•  Article unavailable (n=1)
•  Not a randomized controlled trial (n=1)
•  Intervention included medication (n=1)
•  No intervention (n=1)

Full-text articles accessed 
for eligibility (n=64)

Included studies (n=1)

Figure 1. Search results and screening
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tation.20 The manipulation could be directed to one of 
the shoulder joints, a cervical or thoracic spine joint, or 
a combination of the three. Conservative treatment was 
defined as manual therapy, electrotherapy, cryotherapy, 
heat therapy and exercise. Procedures including medica-
tion (e.g., prescriptions, over-the-counter, and injections) 
or surgery were ineligible.

Study selection and data extraction
Two independent reviewers (AM and KD) conducted arti-
cle screening and determined eligibility. First, titles and 
abstracts were screened, and those that were irrelevant 
were excluded. Abstracts which appeared to meet review 
criteria were recorded and the full-text version of the arti-
cle was retrieved. A final review of eligibility was per-
formed and results were recorded in an Excel spreadsheet. 
Reviewers agreed on eligibility status of all but 4 articles 
initially; discussion between the 2 reviewers resulted in 
consensus.
 A priori, we designated pain and function or disabil-
ity outcomes as the primary outcomes of interest as these 
are clinically relevant and reported in most clinical trials 
studying conservative interventions for musculoskeletal 
conditions. The primary author (AM) extracted study 
characteristics/data from the included articles. Another 
author (CH) performed a secondary evaluation of the data 
extraction. Consensus agreement was reached through 
personal discussion.

Critical appraisal
The eligible study was assessed (AM) for its methodo-
logical quality using the PEDro scale. The score was 
consistent with the scoring for this study as listed in the 
PEDro database. The PEDro scale has been validated as a 
measure of the methodological quality of clinical trials21 
assessing internal validity and sufficient statistical infor-
mation for interpretability. The tool uses an 11-point scale 
based on items from the Delphi list developed by Verhagen 
et al.22 The first point pertains to external validity and is 
not counted toward the overall score, leaving a possible 
total score of 10. If the trial did not report on a particular 
PEDro criterion, it was scored as if the criterion was not 
met. Methodological quality scores are interpreted as fol-
lows: 9 to 10 is considered excellent, 6 to 8 is good, 4 to 5 
is fair, and 3 or below represents poor quality.23

Evaluation of the strength of evidence
A quality analysis for the strength of evidence was per-
formed on the included article by 2 reviewers (AM and 
KD) using the GRADE (Grades of Recommendation, As-
sessment, Development, and Evaluation) approach.24 This 
approach represents the level of confidence one can have 
in the estimate of treatment effect to support a recommen-
dation. The GRADE tool evaluates factors such as study 
methodology, consistency and precision of results and the 
directness of the treatment comparisons. After developing 
an overall summary of quality by considering GRADE 
factors, a judgment is made to assign a study with 1 of 
4 possible categories: high, moderate, low and very low. 
Once each study has been categorized, a recommendation 
is generated from a reflection of all available evidence for 
each trial. Four elements are then considered to generate 
the strength of the recommendation: the magnitude of the 
difference between the desirable and undesirable conse-
quences of the treatment, quality of the supporting evi-
dence, certainty about patient values and preferences, and 
costs associated with compared management options.25

Results
Figure 1 shows the study selection process from the in-
itial database searches to final article inclusion. A total of 
2088 citations were retrieved from the literature search, 
of which 1820 were excluded after title screening. Ab-
stract review excluded 204 articles. A review of the re-
maining 64 full-text articles resulted in identifying one 
clinical trial that fulfilled inclusion criteria. The 63 studies 
excluded and reasons for exclusion are reported in Ap-
pendix 2. The most common reason for exclusion was due 
to thrust manipulation being absent from the study inter-
vention (n=35). Searching the 2 trial registry platforms 
resulted in 6 trials; however, published results were not 
available for any of these studies. Five trials’ descriptions 
were explicit enough on the registry to determine their 
ineligibility. An attempt to contact the principal investi-
gator for the 6th potentially eligible trial was made, but 
elicited no response. Important characteristics of the in-
cluded study are shown in Table 2.

Outcomes
Riley et al.26 evaluated the effectiveness of a single thrust 
manipulation for patients with diagnoses consistent with 
supraspinatus tendinosis and/or impingement. The auth-
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ors measured present pain using a Numerical Pain Rating 
Scale (NPRS) and disability using the Shoulder Pain and 
Disability Index (SPADI). These measures were obtained 
pre-treatment, immediately post-treatment and one week 
post-treatment. The thrust manipulation applied to the 
thoracic spine was compared to a sham thrust manipula-
tion applied to the scapula. Both interventions included a 
home exercise program. For both outcomes, statistically 
significant changes were found in all groups from base-
line to short-term follow-up, but did not meet the min-
imum clinically important change threshold. Also, no sta-
tistically significant differences were found between the 
groups.

Methodological quality
The included study scored 6/10 on the PEDro instrument 
leading to a quality classification of ‘good.’ The sources 
of potential bias included: failure to conceal allocation, 
unblinded subjects and therapists, and no descriptions of 
an intention-to-treat analysis. Table 3 reports criteria used 
to score the included article and results.

GRADE
Based on the GRADE measure, the trial included in this 
systematic review was classified as having a ‘moderate’ 
strength of evidence. The moderate classification is based 
on limitations concerning the inability to calculate rela-
tive risk and absolute effects (as a result of imprecision). 

Also, further research is likely to have an important im-
pact on confidence of the estimate of effect.
 The strength of a recommendation for the use of thrust 
manipulation combined with exercise was not classified. 
Even though a moderate-quality rating was given, the evi-
dence came from a single clinical trial reporting a single 
intervention session with no between-group differences. 
There was uncertainty between benefit and burden due to 
the lack of adverse event reporting for thrust manipula-
tion and exercise. Although it is likely the benefits out-
weigh the risks for this clinical approach, the magnitude 
of the benefit is unknown. There is potential variability 
in patient’s values and preferences regarding the import-
ance and safety of exercise and thrust manipulation, and 
patient attitudes may change the perceived effect. Cost 
effectiveness of the interventions is also unknown. Pa-
tients may be willing to receive the interventions in light 
of uncertain benefit; however, a recommendation of any 
strength is not appropriate given the available evidence.

Discussion
This systematic review sought to evaluate clinical trial 
evidence studying thrust manipulative therapy applied 
to the shoulder, cervical or thoracic spine combined with 
one additional conservative intervention for the treatment 
of rotator cuff disorders.
 One randomized controlled trial with a good meth-
odological rating and a moderate quality rating met the 
eligibility criteria. The study included a single treatment 
session, which is not typical of how thrust manipulation 
is delivered or recommended. Because most management 
plans involve multiple sessions of thrust manipulation, 
using a single treatment session substantially limits the 
clinical interpretation of findings regardless of the mag-
nitude of effect.27,28 Additionally, scapular manipulation 
(labeled as a sham) was delivered as a HVLA thrust 
similar to the “active” treatment described in the upper 
to mid-thoracic spine. Thus, the sham treatment may not 
have differed enough from the active intervention both in 
its mode or anatomical region of application to be physio-
logically distinct. Both groups received an exercise inter-
vention that could have been responsible for improved 
outcomes.29 Previous studies suggest adding manipula-
tion with exercise is more optimal than when the treat-
ments are provided exclusively.30-32

 The limitations of the included study underscore the 

Table 3. PEDro scale criteria and scoring.

Riley et al. 201526

Random allocation ✓

Concealed allocation
Baseline comparability ✓

Subject blinding
Therapist blinding
Assessor blinding ✓

Follow-up ✓

Intention-to-treat
Between-group analysis ✓

Point estimates and variability ✓

Total 6/10
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need for high-quality studies with well described inter-
ventions, rigorously collected safety data, and pragmat-
ic treatment schedules to understand the clinical effects 
of combined conservative interventions for patients with 
rotator cuff disease. This systematic review identified 
an important knowledge gap regarding the use of com-
bined conservative treatments for rotator cuff or associ-
ated disorders. Because this gap exists, clinicians are un-
able to obtain research-based guidance to inform specific 
treatment strategies for patients suffering from common 
shoulder conditions.
 A possible limitation of this systematic review is that 
some studies may have been missed despite a guided 
literature search and hand searching references. Also, a 
grey literature search (e.g., conference abstracts or gradu-
ate projects) was not conducted. However, studies avail-
able in the grey literature are difficult to systematically 
assess in terms of methodology. Validated appraisal tools 
require details in reporting that are typically lacking in 
these publications. Further, based on the search of the trial 
registries, the overall number of trials relative to possibly 
unpublished material suggests there is a low risk for pub-
lication bias in this study. Another limitation is that we 
cannot provide conclusions regarding tolerance or safety 
of treatments due to the fact that no adverse events were 
reported in the included study.
 Though there was one study included, it was of good 
quality according to the PEDro scale and moderate ac-
cording to GRADE. Nevertheless, it had significant meth-
odological and pragmatic limitations, which prevent the 
ability to interpret findings and apply them to clinical set-
tings. Additional clinical trial data is very likely to have 
an important impact on the estimate of the treatment ef-
fect and future recommendations for treatment.

Conclusion
This review identified one moderate-quality clinical trial 
reporting the efficacy of thrust manipulation plus one 
conservative intervention for a rotator cuff condition 
(shoulder impingement). Neither the clinical effective-
ness of thrust manipulation plus exercise nor the relative 
contribution of individual therapies could be sufficiently 
evaluated to warrant clinical recommendations. We pro-
pose that clinical trials be conducted to study thrust ma-
nipulation plus an additional intervention to definitively 
determine the effectiveness of these treatments over a ser-

ies of visits as used in clinical settings. Articles presenting 
clinical trial results from studies involving manipulation 
should follow the most recent guideline on reporting33, 
provide rationale for therapy use, detailed descriptions of 
intervention techniques, and quantitative data including 
both short and long-term clinical outcomes and compre-
hensive safety data.

Authors’ contributions
AM and KD conducted the literature search as well as 
the screening and selection of the included articles. AM 
completed the data extraction as the primary reviewer and 
CH evaluated the extraction as secondary reviewer. AM, 
RV, KD and CL prepared the manuscript. RV, CL, and 
CH oversaw the design of the study. All authors read and 
approved the final manuscript.

Acknowledgement
The authors would like to thank Roseann Erwin, MLS 
from Los Medanos College for her support with the gen-
eration of the literature search.

References
1.  Chester R, Shepstone L, Daniell H, Sweeting D, Lewis J, 

Jerosch-Herold C. Predicting response to physiotherapy 
treatment for musculoskeletal shoulder pain: a systematic 
review. BMC Musculoskelet Disord. 2013; 14: 203.

2.  Bishay V, Gallo RA. The evaluation and treatment of 
rotator cuff pathology. Prim Care. 2013; 40: 889-910, viii.

3.  Coghlan JA, Buchbinder R, Green S, Johnston RV, 
Bell SN. Surgery for rotator cuff disease. Cochrane 
Database Syst Rev. 2008; CD005619.

4.  Gomoll AH, Katz JN, Warner JJ, Millett PJ. Rotator cuff 
disorders: recognition and management among patients 
with shoulder pain. Arthritis Rheum. 2004; 50: 3751-3761.

5.  Seitz AL, McClure PW, Finucane S, Boardman ND, III, 
Michener LA. Mechanisms of rotator cuff tendinopathy: 
intrinsic, extrinsic, or both? Clin Biomech. 2011; 26: 1-12.

6.  Hawkins RJ, Kennedy JC. Impingement syndrome in 
athletes. Am J Sports Med. 1980; 8: 151-158.

7.  Jobe FW, Pink M. Classification and treatment of shoulder 
dysfunction in the overhead athlete. J Orthop Sports Phys 
Ther. 1993; 18: 427-432.

8.  Safran O, Schroeder J, Bloom R, Weil Y, Milgrom C. 
Natural history of nonoperatively treated symptomatic 
rotator cuff tears in patients 60 years old or younger. 
Am J Sports Med. 2011; 39: 710-714.

9.  Desjardins-Charbonneau A, Roy JS, Dionne CE, 
Fremont P, Macdermid JC, Desmeules F. The efficacy of 
manual therapy for rotator cuff tendinopathy: a systematic 



12 J Can Chiropr Assoc 2018; 62(1)

A systematic review of thrust manipulation combined with one conservative intervention for non-surgical shoulder conditions

review and meta-analysis. J Orthop Sports Phys Ther. 
2015; 45: 330-350.

10.  Bronfort G, Haas M, Evans R, Leininger B, Triano J. 
Effectiveness of manual therapies: the UK evidence report. 
Chiropr Osteopat. 2010; 18:3.

11.  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: 314-346.

12.  Ho CY, Sole G, Munn J. The effectiveness of manual 
therapy in the management of musculoskeletal disorders 
of the shoulder: a systematic review. Man Ther. 2009; 14: 
463-474.

13.  Pribicevic M, Pollard H, Bonello R, de LK. A systematic 
review of manipulative therapy for the treatment of 
shoulder pain. J Manipulative Physiol Ther. 2010; 33: 679-
689.

14.  Brantingham JW, Cassa TK, Bonnefin D, Pribicevic M, 
Robb A, Pollard H, et al. Manipulative and multimodal 
therapy for upper extremity and temporomandibular 
disorders: a systematic review. J Manipulative Physiol 
Ther. 2013; 36: 143-201.

15.  Goldgrub R, Cote P, Sutton D, Wong JJ, Yu H, 
Randhawa K, et al. The Effectiveness of Multimodal 
Care for the Management of Soft Tissue Injuries of the 
Shoulder: A Systematic Review by the Ontario Protocol 
for Traffic Injury Management (OPTIMa) Collaboration. 
J Manipulative Physiol Ther. 2016; 39: 121-139.

16.  Hurley L, Yardley K, Gross AR, Hendry L, McLaughlin L. 
A survey to examine attitudes and patterns of practice of 
physiotherapists who perform cervical spine manipulation. 
Man Ther. 2002; 7: 10-18.

17.  Pribicevic M, Pollard H, Bonello R. An epidemiologic 
survey of shoulder pain in chiropractic practice in 
australia. J Manipulative Physiol Ther. 2009; 32: 107-117.

18.  Minkalis AL, Vining RD, Long CR, Hawk C, de Luca K. 
A systematic review of thrust manipulation for non-surgical 
shoulder conditions. Chiropr Man Ther. 2017; 25: 1.

19.  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: 1660-1673.

20.  American Physical Therapy Association. Position 
on Thrust Joint Manipulation provided by Physical 
Therapists. 2009. Alexandria, VA, American Physical 
Therapy Association.

21.  de Morton NA. The PEDro scale is a valid measure of the 
methodological quality of clinical trials: a demographic 
study. Aust J Physiother. 2009; 55: 129-133.

22.  Verhagen AP, de Vet HC, de Bie RA, Kessels AG, 
Boers M, Bouter LM, et al. The Delphi list: a criteria 
list for quality assessment of randomized clinical trials 
for conducting systematic reviews developed by Delphi 
consensus. J Clin Epidemiol. 1998; 51: 1235-1241.

23.  Teasell RW, Foley NC, Bhogal SK, Speechley MR. 
An evidence-based review of stroke rehabilitation. Top 
Stroke Rehabil. 2003; 10: 29-58.

24.  Brozek JL, Akl EA, Alonso-Coello P, Lang D, 
Jaeschke R, Williams JW, et al. Grading quality of 
evidence and strength of recommendations in clinical 
practice guidelines. Part 1 of 3. An overview of the 
GRADE approach and grading quality of evidence about 
interventions. Allergy. 2009; 64: 669-677.

25.  Brozek JL, Akl EA, Compalati E, Kreis J, Terracciano L, 
Fiocchi A, et al. Grading quality of evidence and strength 
of recommendations in clinical practice guidelines 
part 3 of 3. The GRADE approach to developing 
recommendations. Allergy. 2011; 66: 588-595.

26.  Riley SP, Cote MP, Leger RR, Swanson BT, Tafuto V, 
Sizer PS, et al. 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. 2015; 23: 
3-11.

27.  Globe G, Farabaugh RJ, Hawk C, Morris CE, Baker G, 
Whalen WM, et al. Clinical practice guideline: chiropractic 
care for low back pain. J Manipulative Physiol Ther. 2016; 
39: 1-22.

28.  Bryans R, Decina P, Descarreaux M, Duranleau M, 
Marcoux H, Potter B, et al. Evidence-based guidelines 
for the chiropractic treatment of adults with neck pain. 
J Manipulative Physiol Ther. 2014; 37: 42-63.

29.  Haik MN, Alburquerque-Sendin F, Moreira RF, Pires ED, 
Camargo PR. Effectiveness of physical therapy treatment 
of clearly defined subacromial pain: a systematic review of 
randomised controlled trials. Br J Sports Med. 2016; 50: 
1124-1134.

30.  Green S, Buchbinder R, Hetrick S. Physiotherapy 
interventions for shoulder pain. Cochrane Database Syst 
Rev. 2003; CD004258.

31.  Faber E, Kuiper JI, Burdorf A, Miedema HS, Verhaar JA. 
Treatment of impingement syndrome: a systematic review 
of the effects on functional limitations and return to work. 
J Occup Rehabil. 2006; 16: 7-25.

32.  Michener LA, Walsworth MK, Burnet EN. Effectiveness 
of rehabilitation for patients with subacromial 
impingement syndrome: a systematic review. J Hand Ther. 
2004; 17: 152-164.

33.  Groeneweg R, Rubinstein SM, Oostendorp RA, 
Ostelo RW, van Tulder MW. Guideline for reporting 
interventions on spinal manipulative therapy: Consensus 
on Interventions Reporting Criteria List for Spinal 
Manipulative Therapy (CIRCLe SMT). J Manipulative 
Physiol Ther. 2017; 40: 61-70.

34.  Kukkonen J, Joukainen A, Lehtinen J, Mattila KT, 
Tuominen EK, Kauko T, et al. Treatment of non-traumatic 
rotator cuff tears: A randomised controlled trial with one-
year clinical results. Bone Joint J. 2014; 96-B: 75-81.



J Can Chiropr Assoc 2018; 62(1) 13

AL Minkalis, RD Vining, CR Long, C Hawk, K de Luca

35.  Bialoszewski D, Zaborowski G. Usefulness of manual 
therapy in the rehabilitation of patients with chronic rotator 
cuff injuries. Preliminary report. Ortop Traumatol Rehabil. 
2011; 13: 9-20.

36.  Taheriazam A, Sadatsafavi M, Moayyeri A. Outcome 
predictors in nonoperative management of newly 
diagnosed subacromial impingement syndrome: a 
longitudinal study. Med Gen Med. 2005; 7: 63.

37.  Winters JC, Sobel JS, Groenier KH, Arendzen HJ, 
Meyboom-de JB. Comparison of physiotherapy, 
manipulation, and corticosteroid injection for treating 
shoulder complaints in general practice: randomised, 
single blind study. BMJ. 1997; 314: 1320-1325.

38.  Bennell K, Wee E, Coburn S, Green S, Harris A, 
Staples M, et al. Efficacy of standardised manual therapy 
and home exercise programme for chronic rotator cuff 
disease: randomised placebo controlled trial. BMJ. 2010; 
340: c2756.

39.  Holmes CF, Fletcher JP, Blaschak MJ, Schenck RC. 
Management of shoulder dysfunction with an alternative 
model of orthopaedic physical therapy intervention: a case 
report. J Orthop Sports Phys Ther. 1997; 26: 347-354.

40.  Coombes BK, Vicenzino B. Pragmatic study of 
corticosteroid injections and manual physical therapy for 
the shoulder impingement syndrome. Ann Intern Med. 
2014; 161: 224-225.

41.  Rahme H, Solem-Bertoft E, Westerberg CE, Lundberg E, 
Sorensen S, Hilding S. The subacromial impingement 
syndrome. A study of results of treatment with special 
emphasis on predictive factors and pain-generating 
mechanisms. Scand J Rehabil Med. 1998; 30: 253-262.

42.  Atkinson M, Matthews R, Brantingham Jeal. 
A randomized controlled trial to assess the efficacy 
of shoulder manipulation vs. placebo in the treatment 
of shoulder pain due to rotator cuff tendinopathy. 
J Am Chiropr Assoc. 2008; 45(9): 11.

43.  Munday S, Jones A, Brantingham J, Globe G, Jensen M, 
Price J. A randomized, single-blinded, placebo-controlled 
clinical trial to evaluate the efficacy of chiropractic 
shoulder girdle adjustment in the treatment of shoulder 
impingement syndrome. J Am Chiropr Assoc. 2007; 44(6): 
6-15.

44.  McCreesh K. Evidence based prognosis setting in the case 
of a conservatively managed rotator cuff tear. Physiother 
Ireland. 2007; 28(1): 31-35.

45.  Lenker C, Larocca N, Lee WH. The use of thoracic 
mobilization with movement to treat shoulder 
impingement in older adults: A case study. Topics Ger 
Rehabil. 2012; 28(3): 195-200.

46.  Ginn KA, Herbert RD, Khouw W, Lee R. A randomized, 
controlled clinical trial of a treatment for shoulder pain. 
Phys Ther. 1997; 77: 802-809.

47.  Littlewood C, Bateman M, Brown K, Bury J, Mawson S, 
May S, et al. A self-managed single exercise programme 

versus usual physiotherapy treatment for rotator cuff 
tendinopathy: a randomised controlled trial (the SELF 
study). Clin Rehabil. 2016; 30: 686-696.

48.  Surenkok O, Aytar A, Baltaci G. Acute effects of scapular 
mobilization in shoulder dysfunction: a double-blind 
randomized placebo-controlled trial. J Sport Rehabil. 
2009; 18: 493-501.

49.  Coronado RA, Bialosky JE, Bishop MD, Riley JL, III, 
Robinson ME, Michener LA, et al. 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. 2015; 45: 252-264.

50.  vanRensburg K, Atkins E. Does thoracic manipulation 
increase shoulder range of movement in patients with 
subacromial impingement syndrome? A pilot study. Intl 
Musculoskel Med. 2012; 34(3): 101-107.

51.  Knebl JA, Shores JH, Gamber RG, Gray WT, Herron KM. 
Improving functional ability in the elderly via the Spencer 
technique, an osteopathic manipulative treatment: a 
randomized, controlled trial. J Am Osteopath Assoc. 2002; 
102: 387-396.

52.  Bergman GJ, Winters JC, Groenier KH, Meyboom-de JB, 
Postema K, van der Heijden GJ. Manipulative therapy 
in addition to usual care for patients with shoulder 
complaints: results of physical examination outcomes in a 
randomized controlled trial. J Manipulative Physiol Ther. 
2010; 33: 96-101.

53.  Bergman GJ, Winter JC, van Tulder MW, Meyboom-de JB, 
Postema K, van der Heijden GJ. Manipulative therapy 
in addition to usual medical care accelerates recovery of 
shoulder complaints at higher costs: economic outcomes of 
a randomized trial. BMC Musculoskelet Disord. 2010; 11: 
200.

54.  Bergman GJ, Winters JC, Groenier KH, Pool JJ, 
Meyboom-de JB, Postema K, et al. Manipulative therapy 
in addition to usual medical care for patients with shoulder 
dysfunction and pain: a randomized, controlled trial. Ann 
Intern Med. 2004; 141: 432-439.

55.  Winters JC, Jorritsma W, Groenier KH, Sobel JS, 
Meyboom-de JB, Arendzen HJ. Treatment of shoulder 
complaints in general practice: long term results of a 
randomised, single blind study comparing physiotherapy, 
manipulation, and corticosteroid injection. BMJ. 1999; 
318: 1395-1396.

56.  Riley SP, Bialosky J, Cote MP, Swanson BT, Tafuto V, 
Sizer PS, et al. Thoracic spinal manipulation for 
musculoskeletal shoulder pain: Can an instructional set 
change patient expectation and outcome? Man Ther. 2015; 
20: 469-474.

57.  Moosmayer S, Lund G, Seljom U, Svege I, Hennig T, 
Tariq R, et al. Comparison between surgery and 
physiotherapy in the treatment of small and medium-sized 
tears of the rotator cuff: A randomised controlled study of 



14 J Can Chiropr Assoc 2018; 62(1)

A systematic review of thrust manipulation combined with one conservative intervention for non-surgical shoulder conditions

103 patients with one-year follow-up. J Bone Joint Surg 
Br. 2010; 92: 83-91.

58.  Eslamian F, Shakouri SK, Ghojazadeh M, Nobari OE, 
Eftekharsadat B. Effects of low-level laser therapy in 
combination with physiotherapy in the management of 
rotator cuff tendinitis. Lasers Med Sci. 2012; 27: 951-958.

59.  Delgado-Gil JA, Prado-Robles E, Rodrigues-de-Souza DP, 
Cleland JA, Fernandez-de-Las-Penas C, Alburquerque-
Sendin F. Effects of mobilization with movement on pain 
and range of motion in patients with unilateral shoulder 
impingement syndrome: a randomized controlled trial. 
J Manipulative Physiol Ther. 2015; 38: 245-252.

60.  Rhon DI, Boyles RB, Cleland JA. One-year outcome 
of subacromial corticosteroid injection compared with 
manual physical therapy for the management of the 
unilateral shoulder impingement syndrome: a pragmatic 
randomized trial. Ann Intern Med. 2014; 161: 161-169.

61.  Kromer TO, de Bie RA, Bastiaenen CH. Effectiveness of 
physiotherapy and costs in patients with clinical signs of 
shoulder impingement syndrome: One-year follow-up of 
a randomized controlled trial. J Rehabil Med. 2014; 46: 
1029-1036.

62.  Heredia-Rizo AM, Lopez-Hervas A, Herrera-Monge P, 
Gutierrez-Leonard A, Pina-Pozo F. Shoulder functionality 
after manual therapy in subjects with shoulder 
impingement syndrome: a case series. J Bodyw Mov Ther. 
2013; 17: 212-218.

63.  Vas J, Ortega C, Olmo V, Perez-Fernandez F, 
Hernandez L, Medina I, et al. Single-point acupuncture 
and physiotherapy for the treatment of painful shoulder: a 
multicentre randomized controlled trial. Rheumatol. 2008; 
47: 887-893.

64.  Cook C, Learman K, Houghton S, Showalter C, 
O’Halloran B. The addition of cervical unilateral posterior-
anterior mobilisation in the treatment of patients with 
shoulder impingement syndrome: a randomised clinical 
trial. Man Ther. 2014; 19: 18-24.

65.  Walther M, Werner A, Stahlschmidt T, Woelfel R, Gohlke F. 
The subacromial impingement syndrome of the shoulder 
treated by conventional physiotherapy, self-training, and a 
shoulder brace: results of a prospective, randomized study. J 
Shoulder Elbow Surg. 2004; 13: 417-423.

66.  Kardouni JR, Pidcoe PE, Shaffer SW, Finucane SD, 
Cheatham SA, Sousa CO, et al. 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. 
2015; 45: 527-538.

67.  Kukkonen J, Joukainen A, Lehtinen J, Mattila KT, 
Tuominen EK, Kauko T, et al. Treatment of nontraumatic 
rotator cuff tears: a randomized controlled trial with two 
years of clinical and imaging follow-up. J Bone Joint Surg 
Am. 2015; 97: 1729-1737.

68.  Kukkonen J, Kauko T, Virolainen P, Aarimaa V. Smoking 
and operative treatment of rotator cuff tear. Scand J Med 
Sci Sports. 2014; 24: 400-403.

69.  Millar AL, Lasheway PA, Eaton W, Christensen F. 
A retrospective, descriptive study of shoulder outcomes 
in outpatient physical therapy. J Orthop Sports Phys Ther. 
2006; 36: 403-414.

70.  Garrison JC, Shanley E, Thigpen C, Hegedus E, Cook C. 
Between-session changes predict overall perception of 
improvement but not functional improvement in patients 
with shoulder impingement syndrome seen for physical 
therapy: an observational study. Physiother Theory Pract. 
2011; 27: 137-145.

71.  Kachingwe AF, Phillips B, Sletten E, Plunkett SW. 
Comparison of manual therapy techniques with therapeutic 
exercise in the treatment of shoulder impingement: a 
randomized controlled pilot clinical trial. J Man Manip 
Ther. 2008; 16: 238-247.

72.  Conroy DE, Hayes KW. The effect of joint mobilization 
as a component of comprehensive treatment for primary 
shoulder impingement syndrome. J Orthop Sports Phys 
Ther. 1998; 28: 3-14.

73.  Kromer TO, de Bie RA, Bastiaenen CH. Effectiveness 
of individualized physiotherapy on pain and functioning 
compared to a standard exercise protocol in patients 
presenting with clinical signs of subacromial impingement 
syndrome. A randomized controlled trial. BMC 
Musculoskelet Disord. 2010; 11: 114.

74.  Harshbarger ND, Eppelheimer BL, Valovich McLeod TC, 
Welch MC. The effectiveness of shoulder stretching and 
joint mobilizations on posterior shoulder tightness. J Sport 
Rehabil. 2013; 22: 313-319.

75.  Kaya DO, Baltaci G, Toprak U, Atay AO. The clinical 
and sonographic effects of kinesiotaping and exercise in 
comparison with manual therapy and exercise for patients 
with subacromial impingement syndrome: a preliminary 
trial. J Manipulative Physiol Ther. 2014; 37: 422-432.

76.  Aytar A, Baltaci G, Uhl TL, Tuzun H, Oztop P, Karatas M. 
The effects of scapular mobilization in patients with 
subacromial impingement syndrome: a randomized, 
double-blind, placebo-controlled clinical trial. J Sport 
Rehabil. 2015; 24: 116-129.

77.  Harris JD, Pedroza A, Jones GL. Predictors of pain 
and function in patients with symptomatic, atraumatic 
full-thickness rotator cuff tears: a time-zero analysis 
of a prospective patient cohort enrolled in a structured 
physical therapy program. Am J Sports Med. 2012; 40: 
359-366.

78.  Negahban H, Behtash Z, Sohani SM, Salehi R. 
Responsiveness of two Persian-versions of shoulder 
outcome measures following physiotherapy intervention 
in patients with shoulder disorders. Disabil Rehabil. 2015; 
37: 2300-2304.

79.  Dickens VA WJBM. Role of physiotherapy in the 



J Can Chiropr Assoc 2018; 62(1) 15

AL Minkalis, RD Vining, CR Long, C Hawk, K de Luca

treatment of subacromial impingement syndrome: a 
prospective study. Physiother. 2005; 91(3): 159-164.

80.  Littlewood C, Malliaras P, Mawson S, May S, Walters SJ. 
Self-managed loaded exercise versus usual physiotherapy 
treatment for rotator cuff tendinopathy: a pilot randomised 
controlled trial. Physiotherapy. 2014; 100: 54-60.

81.  Boorman RS, More KD, Hollinshead RM, Wiley JP, 
Brett K, Mohtadi NG, et al. The rotator cuff quality-of-life 
index predicts the outcome of nonoperative treatment of 
patients with a chronic rotator cuff tear. J Bone Joint Surg 
Am. 2014; 96: 1883-1888.

82.  Hall J, McRae M. Thoracic spine thrust manipulation 
and therapeutic exercise in the treatment of subacromial 
impingement syndrome: a case report. J Man Manipulative 
Ther. 2006; 14(3): 176-177.

83.  Redman B, vanDuijn A, vanDuijn Jeal. Effects of lower 
cervical and upper thoracic mobilization on shoulder range 
of motion limited by shoulder impingement syndrome: a 
case series. J Man Manipulative Ther. 2010; 18(4): 235.

84.  Bang MD, Deyle GD. Comparison of supervised exercise 
with and without manual physical therapy for patients with 
shoulder impingement syndrome. J Orthop Sports Phys 
Ther. 2000; 30: 126-137.

85.  Vinuesa-Montoya S, Aguilar-Ferrandiz ME, Mataran-
Penarrocha GA, Fernandez-Sanchez M, Fernandez-Espinar 
EM, Castro-Sanchez AM. A preliminary randomized 
clinical trial on the effect of cervicothoracic manipulation 
plus supervised exercises vs a home exercise program for 
the treatment of shoulder impingement. J Chiropr Med. 
2017; 16: 85-93.

86.  Lirio RC, Torres LM, Castilla MY, Prieto MD, 
Pacheco da CS, Velasco Marchante MJ, et al. Mobilization 
with movement for shoulder dysfunction in older adults: a 
pilot trial. J Chiropr Med. 2015; 14: 249-258.

87.  Apeldoorn AT, Kamper SJ, Kalter J, Knol DL, 
van Tulder MW, Ostelo RW. Rigid shoulder taping with 
physiotherapy in patients with subacromial pain syndrome: 
A randomized controlled trial. J Rehabil Med. 2017; 49: 
347-353.

88.  Camargo PR, Alburquerque-Sendin F, Avila MA, 
Haik MN, Vieira A, Salvini TF. Effects of stretching and 
strengthening exercises, with and without manual therapy, 

on scapular kinematics, function, and pain in individuals 
with shoulder impingement: a randomized controlled trial. 
J Orthop Sports Phys Ther. 2015; 45: 984-997.

89.  Haik MN, Alburquerque-Sendin F, Camargo PR. Short-
term effects of thoracic spine manipulation on shoulder 
impingement syndrome: a randomized controlled rial. 
Arch Phys Med Rehabil. 2017; 98(8): 1594-1605.

90.  Kahlenberg CA, Dare DM, Dines JS. Further research is 
needed to define the benefits of non-operative rotator cuff 
treatment. HSS J. 2016; 12: 291-294.

91.  Pekyavas NO, Baltaci G. Short-term effects of high-
intensity laser therapy, manual therapy, and Kinesio taping 
in patients with subacromial impingement syndrome. 
Lasers Med Sci. 2016; 31: 1133-1141.

92.  Go SU, Lee BH. Effects of manual therapy on shoulder 
pain in office workers. J Phys Ther Sci. 2016; 28: 2422-
2425.

93.  Kardouni JR, Shaffer SW, Pidcoe PE, Finucane SD, 
Cheatham SA, Michener LA. Immediate changes in 
pressure pain sensitivity after thoracic spinal manipulative 
therapy in patients with subacromial impingement 
syndrome: A randomized controlled study. Man Ther. 
2015; 20: 540-546.

94.  Lambers Heerspink FO, van Raay JJ, Koorevaar RC, 
van Eerden PJ, Westerbeek RE, van ‘t RE, et al. 
Comparing surgical repair with conservative treatment for 
degenerative rotator cuff tears: a randomized controlled 
trial. J Shoulder Elbow Surg. 2015; 24: 1274-1281.

95.  Mintken PE, McDevitt AW, Cleland JA, Boyles RE, 
Beardslee AR, Burns SA, et al. 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. 2016; 46: 617-628.

96.  Wright A, Donaldson M, Wassinger C, 
Emerson-Kavchak A. Subacute effects of cervicothoracic 
spinal thrust/non-thrust in addition to shoulder manual 
therapy plus exercise intervention in individuals with 
subacromial impingement syndrome: a prospective, 
randomized controlled clinical trial pilot study. J Man 
Manipulative Ther. 2017: 25(4): 190-200.



16 J Can Chiropr Assoc 2018; 62(1)

A systematic review of thrust manipulation combined with one conservative intervention for non-surgical shoulder conditions

Appendix 1. 
Search terms used for PubMed

(((((clinical trial[Publication Type]) OR random*) OR ((((single or double) near (blind* or mask*))))) OR placebo*)) AND 
(((((“Shoulder Impingement Syndrome”[Mesh] OR shoulder impingement syndrome)) OR (“Rotator Cuff”[Mesh] OR 
“rotator cuff”))) AND ((((((((((((“Manipulation, Chiropractic”[Mesh] OR chiropractic manipulation)) OR (“Musculoskeletal 
Manipulations”[Mesh] OR (musculoskeletal manipulation))) OR (“Manipulation, Spinal”[Mesh] OR (spinal manipulation))) 
OR exp physical therapy techniques) OR exp rehabilitation) OR “Ultrasonography, Interventional”[Mesh]) OR ((rehabilitat* 
or physiotherap* or physical therap* or manual therap* or ultrasound or ultrasonograph* or TNS or TENS or shockwave or 
electrotherap* or mobili*))) OR mobilization) OR “Physical Therapy Modalities”[Mesh])) NOT exercise)
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Appendix 2. 
Articles excluded at full-text review.

Author Reason for exclusion
Kukkonen34 Intervention not described

Bialoszewski35 No thrust manipulation

Taheriazam36 Intervention included NSAIDS/injections

Winters37 No thrust manipulation

Bennell38 No thrust manipulation

Holmes39 No thrust manipulation

Coombes40 Intervention not described

Rahme41 No thrust manipulation

Atkinson42 Manipulation only

Munday43 Manipulation only

McCreesh44 No thrust manipulation

Lenker45 No thrust manipulation

Ginn46 No thrust manipulation

Littlewood47 No thrust manipulation

Surenkok48 No thrust manipulation

Coronado49 Manipulation only

vanRensburg50 More than one additional conservative 
therapy

Knebl51 No thrust manipulation

Bergman52 No description of diagnostic procedure

Bergman53 No description of diagnostic procedure

Bergman54 No description of diagnostic procedure

Winters55 Manipulation only

Riley56 Intervention not described

Moosmayer57 No thrust manipulation

Eslamian58 No thrust manipulation

Delgado-Gil59 No thrust manipulation

Rhon60 No thrust manipulation

Kromer61 Intervention not described

Heredia-Rizo62 No thrust manipulation

Vas63 No thrust manipulation

Cook64 No thrust manipulation

Walther65 No thrust manipulation

Kardouni66 Manipulation only

Kukkonen67 Abstract only

Kukkonen68 No thrust manipulation

Author Reason for exclusion
Millar69 No thrust manipulation

Garrison70 No thrust manipulation

Kachingwe71 No thrust manipulation

Conroy72 No thrust manipulation

Kromer73 No thrust manipulation

Harshbarger74 No thrust manipulation

Kaya75 No thrust manipulation

Aytar76 No thrust manipulation

Harris77 No intervention

Negahban78 No thrust manipulation

Dickens79 No thrust manipulation

Littlewood80 Intervention not described

Boorman81 No thrust manipulation

Hall82 Abstract only

Redman83 Article unavailable

Bang84 More than one additional conservative 
therapy

Vinuesa-Montoya85 More than one additional conservative 
therapy

Lirio86 No thrust manipulation

Apeldoorn87 Intervention not described

Camargo88 No thrust manipulation

Haik89 Manipulation only

Kahlenberg90 Not a randomized controlled trial

Pekyavas91 No thrust manipulation

Go92 No description of diagnostic procedure

Kardouni93 Manipulation only

Lambers94 No thrust manipulation

Mintken95 No description of diagnostic procedure

Wright96 More than one additional conservative 
therapy




