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Abstract

Background: Musculoskeletal disorders are common in the active military and are associated with significant lost
duty days and disability. Implementing programs of care to manage musculoskeletal disorders can be challenging
in complex healthcare systems such as in the military. Understanding how programs of care for musculoskeletal
disorders have been implemented in the military and how they impact outcomes may help to inform future
implementation interventions in this population.

Methods: We conducted a scoping review using the modified Arksey and O’Malley framework to identify literature
on (1) implementation interventions of musculoskeletal programs of care in the active military, (2) barriers and
facilitators of implementation, and (3) implementation outcomes. We identified studies published in English by
searching MEDLINE, CINAHL, Embase, and CENTRAL (Cochrane) from inception to 1 June 2018 and hand searched
reference lists of relevant studies. We included empirical studies. We synthesized study results according to three
taxonomies: the Effective Practice and Organization of Care (EPOC) taxonomy to classify the implementation
interventions; the capability, opportunity, motivation-behavior (COM-B) system to classify barriers and facilitators of
implementation; and Proctor et al.’s taxonomy (Adm Policy Ment Health 38:65–76, 2011) to classify outcomes in
implementation research.

Results: We identified 1785 studies and 16 were relevant. All but two of the relevant studies were conducted in
the USA. Implementation interventions were primarily associated with delivery arrangements (e.g., multidisciplinary
care). Most barriers or facilitators of implementation were environmental (physical or social). Service and client
outcomes indicated improved efficiency of clinical care and improved function and symptomology. Studies
reporting implementation outcomes indicated the programs were acceptable, appropriate, feasible, or sustainable.
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Conclusion: Identification of evidence-based approaches for the management of musculoskeletal disorders is a
priority for active-duty military. Our findings can be used by military health services to inform implementation
strategies for musculoskeletal programs of care. Further research is needed to better understand (1) the
components of implementation interventions, (2) how to overcome barriers to implementation, and (3) how to
measure implementation outcomes to improve quality of care and recovery from musculoskeletal disorders.

Keywords: Military personnel, Wounds and injuries, Therapeutics, Scoping review, Implementation science

Background
Musculoskeletal disorders are the most common reason
military members seek health care, irrespective of the set-
ting, whether deployed or at home base [1, 2]. These dis-
orders are associated with lost productivity due to sick
parade attendance and lost duty days [3–7] and are re-
sponsible for 42% of all medical releases in the Canadian
Armed Forces [3]. Approximately 1.6 million musculo-
skeletal injuries occur annually within the US Department
of Defense, which account for 25 million lost duty days
[1]. Musculoskeletal disorders are a leading contributor of
healthcare visits and costs in the US military, accounting
for approximately 2.4 million medical visits and US$548
million in direct patient care costs [8]. Frequently reported
musculoskeletal disorders by military personnel are of the
lower limb, low back, neck, and shoulder [9–11]. These
disorders are commonly caused by overuse, exacerba-
tions of previous injuries, sports, physical training,
lifting and carrying, and walking on uneven terrain
[12]. Risk factors for musculoskeletal injury in the
military include poor results in running and lifting
tests, high waist circumference, high body mass index,
previous musculoskeletal symptoms, poor school suc-
cess, old age, higher enlisted rank, female sex, months
deployed, and time spent standing [13, 14].
Efficient and effective strategies to manage musculo-

skeletal disorders in the active military are of great im-
portance. Evidence-based treatments for musculoskeletal
disorders include a focus on active versus passive treat-
ment, structured education, exercise, and manual and
cognitive behavioral therapies [15]. Strategies for imple-
menting evidence-based practices should be tailored for
specific settings and contexts [16], especially in complex
systems. The military is a complex system with widely
dispersed base locations that vary in size, human and fa-
cility resources, duties, and composition (e.g., full-time
active duty, reserve, or National guard) [17]. Implement-
ing services or programs of care is challenging in com-
plex systems and is influenced by contextual factors
such as the military culture, support of interest groups,
chain of command, and resources. Therefore, careful
consideration to implementation methods or interven-
tions is important to facilitate uptake of evidenced-based
programs of care.

Implementation interventions are methods or tech-
niques designed to change behaviors at organizational,
practitioner, or patient levels [18, 19] and to enhance the
adoption of a clinical intervention [20]. The Cochrane Ef-
fective Practice and Organization of Care (EPOC) Group
has categorized these interventions in a taxonomy of de-
livery arrangements, financial arrangements, governance
arrangements, and implementation strategies [21]. Exam-
ples of implementation interventions include the develop-
ment of multidisciplinary teams (delivery arrangements),
the use of financial incentives for health professionals and
organizations (financial arrangements), policies that regu-
late what health professionals can do (governance arrange-
ments), and educational meetings and clinical practice
guidelines (implementation strategies). Implementation
interventions may be tailored to overcome barriers to im-
plementation, using a framework such as the Behavior
Change Wheel [22]. In this approach, barriers are classi-
fied using the capability, opportunity, motivation-behavior
(COM-B) system and mapped onto specific interventions
designed to overcome implementation barriers. Finally,
appropriate outcomes are necessary to evaluate the suc-
cess of healthcare interventions. Proctor et al.’s taxonomy
of outcomes in implementation research distinguishes im-
plementation outcomes, which are the effects of deliberate
and purposive actions to implement new treatments, prac-
tices, and services [23], from service and client outcomes,
which are usually reported on in scientific papers rather
than implementation outcomes. However, it is important
to report on implementation outcomes because they are
key intermediate outcomes in relation to service system or
clinical outcomes in treatment effectiveness and quality of
care research [23, 24]. Clearly, if interventions are to result
in desired changes in clinical or service outcomes, they
need to be implemented well [23].
Understanding the implementation of interventions—in

particular how programs of care are implemented to man-
age musculoskeletal disorders—may inform the overall
management of these disorders in active military popula-
tions, beyond the specific clinical intervention. This may
ultimately help to improve patient outcomes and cost-ef-
fectiveness of care to benefit military members and the
system. To the best of our knowledge, there are no previ-
ous studies synthesizing implementation interventions of
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musculoskeletal programs of care in this population, bar-
riers and facilitators to implementation, or outcomes.
Therefore, the purpose of this scoping review was to de-
scribe (1) implementation interventions used to deliver
programs of care, (2) barriers or facilitators of implemen-
tation, and (3) outcomes of implementation used in the
management of musculoskeletal disorders in the active
military.

Methods
We used the modified “Arksey and O’Malley framework”
to examine the extent, range, and nature of the research
activity related to the implementation of musculoskeletal
programs of care for military personnel [25–27]. This
approach involves six stages: (1) identifying the research
question; (2) defining the scope of the review; (3) study
selection; (4) charting the data; (5) collating, summariz-
ing, and reporting the results; and (6) stakeholder
consultation.

Stage 1: Identifying the research question
Our scoping review was guided by the following research
questions: “What implementation interventions have been
used to deliver programs of care for managing musculo-
skeletal disorders among active military personnel?” and
“What were the barriers, facilitators, and outcomes of
implementation?”

Stage 2: Defining the scope of the review
We defined eligibility criteria a priori. Studies were in-
cluded if they met the following criteria to explore im-
plementation interventions, barriers and facilitators of
implementation, or outcomes of implementation:

1. Population: participants were active military
personnel (including reservist and National Guard).

2. Program of care or intervention: designed for the
clinical management of musculoskeletal disorders.

3. Study design: any primary empirical study (e.g.,
quantitative, qualitative, or mixed methods)
published in the peer-reviewed literature.

4. Implementation intervention: any technique or
method used to implement an evidence-based
musculoskeletal program of care or intervention.

5. Barriers and facilitators: any factor that either
impeded or enabled the implementation of an
evidence-based musculoskeletal program of care or
intervention.

6. Outcomes: implementation outcomes (acceptability,
adoption, appropriateness, costs, feasibility, fidelity,
penetration, or sustainability); service outcomes
(efficiency, safety, effectiveness, equity, patient-
centeredness, or timeliness); or patient outcomes
(satisfaction, function, or symptomatology) [23].

7. Language of publication: studies published in the
English language.

Studies were excluded if (1) participants were non-ac-
tive duty military personnel, e.g., veterans; (2) programs
of care were designed for non-musculoskeletal disorders,
serious injuries, or pathologies; and (3) they were in the
gray literature, e.g., theses, newsletters, and informal
communication.

Stage 3: Study selection
We developed our search strategy in consultation with a
health sciences librarian (Appendix). A second librarian
reviewed the search using the Peer Review of Electronic
Search Strategies (PRESS) checklist [28]. The following
electronic databases were searched from database incep-
tion to June 1, 2018: MEDLINE (Ovid®), CINAHL
(EBSCO), Embase (Ovid®), and Cochrane Central Regis-
ter of Controlled Trials through Ovid® (CENTRAL). The
search terms included subject headings specific to each
database and free-text terms relevant to musculoskeletal
disorders, the military, and implementation interventions
(Appendix). We reviewed the reference lists of all eli-
gible studies for additional studies not identified from
the electronic database search. Databases containing the
results of the searches were created using EndNote X6.
We used the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) extension for
scoping reviews (PRISMA-ScR) flow chart to track the
number of studies at each stage of the review.
Two researchers screened studies using a two-step

screening process. In phase I, two reviewers (CC, DS) in-
dependently screened titles and abstracts to determine
eligibility. They classified studies as relevant, possibly
relevant, or irrelevant. In phase II, the reviewers inde-
pendently reviewed manuscripts of possibly relevant
studies to make a final determination of eligibility. The
reviewers met to resolve disagreements and reach con-
sensus in both steps. A third independent reviewer was
available to discuss and resolve disagreements.

Stage 4: Charting the data
Two reviewers (CC, DS) independently charted and
coded the following data from eligible studies: (1) author
and year of publication; (2) study design; (3) clinical set-
ting and participant characteristics; (4) program of care
and implementation intervention according to the EPOC
taxonomy [21]; (5) barriers and facilitators to implemen-
tation according to the COM-B system [22]; and (6) out-
comes (implementation, service, patient) according to
Proctor et al.’s taxonomy of outcomes for implementa-
tion research [23].
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Stage 5: Analysis
We analyzed the data using a descriptive numerical
summary, a qualitative thematic analysis, and by apply-
ing meaning to our results [25–27].

Descriptive numerical summary
We described the characteristics of included studies,
such as the number of studies included, types of study
design, characteristics of the study populations, types of
musculoskeletal disorders, and countries where the stud-
ies were conducted.

Qualitative thematic analysis
We categorized the data into three sections: implemen-
tation interventions of the musculoskeletal programs of
care (according to EPOC [21]), barriers and facilitators
of implementation (according to COM-B [22]), and the
implementation research outcomes taxonomy by Proctor
et al. [23].
The EPOC taxonomy includes four domains of health

systems interventions: (1) delivery arrangements:
changes in how, when, and where health care is orga-
nized and delivered, and who delivers health care; (2) fi-
nancial arrangements: changes in how funds are
collected, insurance schemes, how services are pur-
chased, and the use of targeted financial incentives or
disincentives; (3) governance arrangements: rules or pro-
cesses that affect the way in which powers are exercised,
particularly with regard to authority, accountability,
openness, participation, and coherence; and (4) imple-
mentation strategies: interventions designed to bring
about changes in healthcare organizations, the behavior
of healthcare professionals, or the use of health services
by healthcare recipients.
The COM-B framework is useful for understanding

behavior and behavior change [22]. Capability is de-
fined as the individual’s psychological and physical
capacity to engage in the desired activity. It includes
having the necessary knowledge and skills, such as
the knowledge to diagnose a patient with a lumbar
disc herniation (psychological capacity), and the skill
to take a blood sample (physical capacity). Opportun-
ity is defined as all the factors that lie outside the in-
dividual, either in the physical or social environment,
that make the behavior possible or prompt it. An ex-
ample of a physical opportunity is being able to go
running because you own running shoes. A social op-
portunity (or a lack thereof) is being able to dress
casually at home but not at a business meeting. Mo-
tivation is defined as all the brain processes that
energize and direct behavior, including goals, con-
scious and analytical decision-making, habitual pro-
cesses, and emotional responding. Motivation can be
reflective, involving evaluations and plans, such as

deciding to buy a car based on its safety features. On
the other hand, automatic motivation involves emo-
tional and impulsive processes such as deciding to
buy a car based on its attractiveness in an advertising
campaign.
Finally, Proctor et al. [23] have classified the outcomes

of interventions, services, or innovations as (1) imple-
mentation outcomes (acceptability, adoption, appropri-
ateness, costs, feasibility, fidelity, penetration, and
sustainability), (2) service outcomes (efficiency, safety, ef-
fectiveness, equity, patient-centeredness, and timeliness),
and (3) client outcomes (symptomatology, function, and
satisfaction) [23]. They defined the implementation out-
comes as follows. Acceptability is the perception among
implementation stakeholders that a given intervention is
agreeable, palatable, or satisfactory in terms of its con-
tent, complexity, or comfort. Appropriateness is the per-
ceived fit, relevance, or compatibility of the intervention
for a given practice setting, provider, or consumer; or
the perceived fit of the intervention to address a particu-
lar problem. Adoption or “uptake” is defined as the
intention, initial decision, or action to try or employ an
intervention. The cost impact of an implementation ef-
fort depends upon the costs of the particular interven-
tion, the implementation strategy used, and the location
of service delivery. Feasibility is defined as the extent to
which an intervention can be successfully used or car-
ried out within a given setting. Fidelity is defined as the
degree to which an intervention was implemented as
was intended. Penetration is defined as the integration of
a practice with a service setting and its subsystems (i.e.,
an intervention’s institutionalization). Sustainability is
defined as the extent to which a newly implemented
intervention is maintained or institutionalized within a
setting.

Applying meaning to results
We considered the meaning of our scoping study results
and the broader implications for research, policy, and
practice.

Stage 6: Consultation
We consulted with available authors of the studies in-
cluded in our review for the purpose of elaborating on
their key findings. We also consulted with organizations
(Canadian Armed Forces and the Canadian and Ontario
Chiropractic Associations) and other experts during a
summer institute (Knowledge Translation Canada, June
2017) for their perspectives and experiences regarding
barriers and facilitators to health program implementa-
tion. We did not conduct a formal qualitative content
analysis of comments from the authors, organizational
representatives, or experts.
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Results
Description of included studies
The study selection process is shown in Fig. 1. After ex-
cluding duplicates, the electronic database search and
reference list search of eligible studies produced 1785
studies. Fifty-seven studies underwent phase II full-text
screening. Sixteen relevant studies [29–44] were identi-
fied (eight observational studies including case reports
and series, cross-sectional and non-experimental studies,
and cohorts; four mixed methods studies; three pilot
studies; one qualitative study). Fourteen studies were
conducted in the US, and one study each was conducted
in Canada and Sweden. Low back pain [29, 31–35, 37,
40, 42] was the most common musculoskeletal disorder
targeted, followed by musculoskeletal disorders as a
group including spinal pain [30, 38, 39, 41, 43, 44] and
neck pain [36].
We synthesized the study results according to the im-

plementation interventions of the musculoskeletal pro-
grams of care used as per the EPOC taxonomy (Table 1,
16 studies), barriers and facilitators of implementation
using the COM-B system (Table 2, 14 studies), and out-
comes (Table 3, 16 studies).

Implementation interventions for musculoskeletal
programs of care
The studies lacked explicit descriptions of the process of
implementation of interventions for musculoskeletal
care. Nonetheless, we used the information available to
classify the interventions according to EPOC [21] as de-
livery arrangements [29–31, 34–44] and implementation
strategies [32, 33, 36, 38, 40, 43, 44] (Table 1).
Health care was commonly delivered in a coordinated

and multidisciplinary fashion, facilitated by specific re-
ferral systems, care pathways, roles and responsibilities,
communication methods, use of technology (e.g., elec-
tronic health records), and infrastructure (e.g., the co-lo-
cation of team members). We observed three distinct
methods of delivering multidisciplinary care, each with
different gatekeepers. A common approach was that a
medical physician or specialist was required to make re-
ferrals to other musculoskeletal healthcare providers
such as chiropractors, physical therapists, and psycholo-
gists [29, 35, 36, 40–42]. In contrast, other studies used
non-physicians as gatekeepers such as the “Physical
Therapy First” [43] approach [31, 37, 38]. Finally, other
studies described teams collectively assessing and

Fig. 1 Preferred reporting items for scoping review (PRISMA-ScR)
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Table 3 Implementation outcomes of musculoskeletal programs of care in active military using the implementation research
outcomes taxonomy by Proctor et al. [23]

Author(s), year

Implementation outcomes

Acceptability Physicians tested the preprinted documentation form and concluded that the
form was easy to use and shortened the time to process patients. Subsequently,
primary care physicians readily accepted the use of the new form

Cretin et al., 2001 [32]

Concept and quality of care acceptable to patient, physician, and PT
Patients preferred direct referral to PT

James et al., 1975 [37]

The musculoskeletal team has successfully created an environment of systematic
collaboration

Kelly et al., 1997 [39]

No reported adverse events with the “Physical Therapy First” approach McGee et al., 2017 [43]

Appropriateness Allows early and accurate diagnosis
Allows early and aggressive reconditioning
Coordinated care between providers
Bridges the gap between primary care and orthopedic surgeons

Brawley et al., 2012 [30]

Recruits referred earlier in the course of their injuries Kelly et al., 1997 [39]

Appropriate referrals: > 55% actual surgical cases referred to orthopedic surgeons
(vs. 10–15% prior to implementing the “Physical Therapy First” approach)

McGee et al., 2017 [43]

Costs LIMDU boards that resulted in PEBs decreased following implementation of the
SMART clinic model
Significant increases in the number of patient encounters at the sports medicine
clinics
Decrease in referrals to orthopedic surgeon

Brawley et al., 2012 [30]

Decreased number of PT sessions required for rehabilitation Kelly et al., 1997 [39]

Savings over 6 months $162.6K USD attributed to proper utilization of the “Physical
Therapy First” approach

McGee et al., 2017 [43]

Feasibility Given appropriate staffing levels and adequate space, all PTs and other providers
believed the program should be adopted

James et al., 1975 [37]

Fidelity Not applicable

Penetration Expanded PT LBP MSK evaluation role gained wide acceptance within the Army
Medical Department
PTs now provide primary evaluations for the whole spectrum of MSK problems

James et al., 1981 [38]

Sustainability “Backs to Work” program with a modified schedule continues at Naval Medical
Center, Portsmouth

Campello et al., 2012 [31]

Continued analysis of LBP CPG implementation Cretin et al., 2001 [32]

MSK screening protocol continued as planned in 1 unit 1 year later Larsson et al., 2012 [44]

Service outcomes

Efficiency Increased number of patient encounters; decreased referrals to orthopedic surgery
clinic; decreased percentage of patients recommended for physical evaluation boards
from limited duty periods

Brawley et al., 2012 [30]

Utilization patterns during 6-week follow-up after CPG implementation: decreased referrals
to PT/DC; no effect on specialty referrals

Cretin et al., 2001 [32]

CPG adherence was associated with lower health costs Feuerstein et al., 2006 [33]

Total outpatient visits, number of back patient visits, time expended by PT in attending
LBP patients, identification of disease and patient categories for evaluation, orthopedist
appraisal

James et al., 1975 [37]

Less than 4% of active duty patients with MSK complaints first evaluated by the PT
subsequently required orthopedic consultations

James et al., 1981 [38]

Economical way to treat significant numbers of injured recruits (reduced number of PT
sessions required to return an injured recruit to training, decreased total lost time for
injuries requiring PT). Saved the Navy millions of dollars in recovered lost training time
and retained, return to full training; number of PT sessions needed; recruit attrition; lost
duty days of training.

Kelly et al., 1997 [39]

Safety

Effectiveness Duty status Campello et al., 2012 [31]
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managing military members with musculoskeletal disor-
ders [30, 39].
Strategies to implement interventions for managing mus-

culoskeletal disorders included those that targeted health-
care organizations [33, 43] or healthcare workers [32, 33,

36, 38, 40]. For example, implementation of interventions
may be facilitated by having strong support from the
organizational leadership. Strategies aimed at healthcare
workers may facilitate the implementation of clinical prac-
tice guidelines, for example, such as providing workers with

Table 3 Implementation outcomes of musculoskeletal programs of care in active military using the implementation research
outcomes taxonomy by Proctor et al. [23] (Continued)

Author(s), year

Return to duty Green et al., 2010 [36]

Resumed normal work activities, released from care Lillie et al., 2010 [40]

Disability (proportion of active-duty service members seeking treatment for a work-disabling
spine condition that results in the assignment of a first-career limited-duty status decreased),
attrition (proportion of individuals assigned a first-career limited-duty status for a work-disabling
spine condition who were referred to a Physical Evaluation Board (no observed effect))

Ziemke et al., 2015 [42]

Equity

Patient-centeredness

Timeliness Sports Medicine and Reconditioning Team SMART clinic improved MSK care access Brawley et al., 2012 [30]

Form shortened the time to process patients
Timelines of toolkit production improved over time

Cretin et al., 2001 [32]

Decreased wait times for LBP patients James et al., 1975 [37]

Duration of evaluation twice as long as non-evaluation PT visits
Substantial physician hours saved

James et al., 1981 [38]

Client/patient outcomes

Symptomology Pain, psychological distress at 12 weeks, function, fitness Campello et al., 2012 [31]

CPG adherence was associated with improved perceived general health (HCSDB) Feuerstein et al., 2006 [33]

Back-related pain (NRS), global improvement Goertz et al., 2013 [34]

Pain (VAS) Green et al., 2006 [35]

Pain-free (NRS) at 8 weeks Green et al., 2010 [36]

Subjective complaints resolved Lillie et al., 2010 [40]

Function Participants reported lower disability and pain. All (in both arms) returned to duty
at 12 weeks

Campello et al., 2012 [31]

CPG adherence was associated with functional outcome: released with/without
duty limitations, lower levels of disability

Feuerstein et al., 2006 [33]

Physical functioning (RMDQ) Goertz et al., 2013 [34]

Disability (RMDQ) Green et al., 2006 [35]

No disability (NDI) at 8 weeks Green et al., 2010 [36]

Reduced premature discharge from training Larsson et al., 2012 [44]

Satisfaction Satisfaction: 94.2% satisfied with chiropractic care; none dissatisfied
Factors associated with lower satisfaction with chiropractic care: older age,
presenting complaint of knee pain
Referring Physician Feedback Survey: 80.0% satisfied with chiropractic services

Boudreau et al., 2006 [29]

CPG adherence was associated with higher levels of patient satisfaction Feuerstein et al., 2006 [33]

Higher patient satisfaction in CMT + SMC (mean 8.9/10 vs. 5.4/10 in SMC alone) Goertz et al., 2013 [34]

Job satisfaction, PTs’ self-appraisal of competence, difficulties, professional
adequacy; patient satisfaction

James et al.,1975 [37]

PTs preferred: expanded role; MSK patients interspersed within overall practice James et al., 1981 [38]

Patient satisfaction was very high (n = 179), median score 5/5 (completely agree
or completely satisfied)

Rhon et al., 2017 [41]

Refer to Table 1 for the study design, clinical setting, and participant information
BCT brigade combat teams, CPG clinical practice guideline, CSH combat support hospital, HCSDB Health Care Survey of DOD Beneficiaries, CMT chiropractic
manipulative therapy, LIMDU limited duty, MST musculoskeletal team, NDI neck disability index, NRS numerical rating scale, PEBs physical evaluation boards, PT
physical therapist, RMDQ Roland-Morris Disability Questionnaire, SMC standard medical care, VAS visual analogue scale
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educational materials and meetings and identifying local
opinion leaders who can advocate for the use of guidelines.
One study highlighted that implementation is an iterative
process. For example, the implementation of a low back
pain clinical practice guidelines in four military medical set-
tings used successive Plan-Do-Study-Act (PDSA) cycles
and encouraged teams to continually evaluate successes
and failures. This evaluation allowed adjustments and
retesting before full implementation on a broad scale [32].
To target healthcare organizations, another study developed
and assessed a process to implement low back pain clinical
practice guidelines in the military healthcare system. Lead-
ership support was established, as well as a handbook to fa-
cilitate guideline adoption within the system [33].

Barriers and facilitators of implementation
Capability
The main barriers in this domain were psychological not
physical [29, 32, 37, 38, 42]. For example, barriers to
guideline implementation for low back pain included
healthcare clinicians not fully understanding how to
apply the guideline for patients with multiple conditions.
Similarly, few formal training opportunities were avail-
able to nurses, physician assistants, and other support
staff [32]. Facilitators to implementation included con-
sistent coding for diagnoses and procedures across
healthcare providers and sites to facilitate common lan-
guage [32, 42], knowledge of conditions that may delay
recovery from spinal pain [42], and advanced training
and expertise regarding the management of musculo-
skeletal conditions [38].

Opportunity
A number of studies demonstrated that implementation
was affected by opportunity [29–33, 35–37, 39–43], and
often, the physical environment impacted the social en-
vironment. For example, the integration of chiropractic
services in military treatment facilities was facilitated by
having chiropractors located in the same clinic as other
providers. This enabled continual communication with
other providers to ensure appropriate treatment, non-
duplication of services, consistent follow-up, and that
regulations were closely followed [35, 36]. Other studies
also demonstrated that physical proximity to different
providers allowed for immediate on-site consultations,
as did regular meetings to discuss cases and evidence-
based approaches to care [30, 39–42]. Implementation
was facilitated by sharing resources where possible [43]
and having direct access to physical therapists [43]. Im-
plementation was also facilitated by identifying an advo-
cate or champion for the program, which can be
considered to be a social opportunity [33].
In some studies, factors in the physical environment

hindered implementation, such as having access to

limited or improper facilities, equipment, or systems
[29–32, 36, 37]. Having limited staff impacts implemen-
tation [32, 37]. High staff turnover, for instance, requires
repeated training for the intervention [32]. Implement-
ing an interdisciplinary program of care can be difficult
without the appropriate systems in place to facilitate in-
formation exchange [32, 40, 42]. Lillie et al. described
how military electronic medical records are maintained
in a secure network [40]. However, if a service member
was referred off-base for care, that provider did not have
direct access to the electronic health care notes, and ar-
rangements had to be made for the applicable notes to
be delivered and scanned into the external provider rec-
ord. Finally, gaps in patterns of care can pose a challenge
for implementation. A delay in the initiation of care for
service members with spine conditions resulted in spine
conditions that were already chronic before the interdis-
ciplinary spine team could assess the patient [42].

Motivation
Motivational barriers can hinder implementation. An ex-
ample of a motivational barrier was described by Green
et al. [35]. Most flight surgeons, who are typically desig-
nated as the first points of contact for military pilots, are
accustomed to collaborating with physical therapists and
physiatrists rather than with chiropractors, thus challen-
ging interdisciplinary collaboration. Reflective motiv-
ational barriers were illustrated in three studies. From
survey data, teams were only moderately motivated to
implement guidelines because they resisted the guide-
lines concept; were uncertain about the guideline imple-
mentation demonstration; were concerned about
increased workload; were influenced by previous nega-
tive experiences with practice guidelines; and expected
rewards from implementation such as recognition from
the leadership [32]. Clinicians might have been reluctant
to provide the variety of services recommended in the
low back pain clinical practice guideline because they
were influenced by clinical experiences and by assump-
tions that most cases of low back pain resolve spontan-
eously [33]. Healthcare providers working collaboratively
in a pre-existing culture of trust and mutual sharing is
an example of a reflective motivational facilitator [43].

Outcomes of implementation interventions
Service and patient outcomes were more frequently re-
ported compared to implementation outcomes in the in-
cluded studies. The service outcomes reported included
timely access to care [30, 37, 38], efficiency with respect
to patient encounters and specialist referrals [30, 32, 33,
37–39, 42], and effectiveness of care (e.g., duty status,
and discharge from care) [30, 31, 36, 39, 40]. With re-
spect to patient outcomes, investigators reported im-
proved symptomatology such as pain and perceived
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general health [31, 33–36, 40], function including dis-
ability and physical fitness [31, 33–36, 38], and patient
and provider satisfaction [29, 33, 34, 37, 41].
Four studies provided evidence that the implemented

programs were acceptable and appropriate to healthcare
providers or patients [30, 32, 37, 43]. Implementing
interdisciplinary management of musculoskeletal injuries
in a training room open-bay approach allowed for early
and accurate diagnosis, early and aggressive recondition-
ing, coordinated care between providers, and bridging of
the gap between primary care and orthopedic surgeons
[30]. The concept and quality of care from having a
physical therapist in an expanded primary care role was
acceptable to the physician and physical therapist, and
patients preferred direct access to the physical therapist
clinic [37]. The feasibility of this program and others like
it, and its adoption, penetration, and sustainability, was
demonstrated [38]. Physical therapists now provide pri-
mary evaluations over the entire spectrum of musculo-
skeletal problems in US military health settings.
Sustainability was demonstrated with programs such as
the “Backs to Work” program in the US [31] and the
“Musculoskeletal Screening Protocol” in Sweden [44].
Costs savings were also realized with a “Physical Therapy
First” approach [43].

Consultation
We emailed all corresponding authors of the studies in-
cluded in our review and were able to connect with four
authors who shared their insights regarding interdiscip-
linary teams managing musculoskeletal disorders in the
active military. They emphasized the importance of hav-
ing clear protocols, such that all team members know
exactly when and how to intervene. To do this, they
stated that care pathways need to be developed that do
not allow for the duplication of services, and demon-
strate cost-effectiveness of care. One author discussed
the importance of relationship building among team
members. While this may take some time, it can be eas-
ily achieved with agreed upon team protocols and care
pathways. One author also pointed out that having advo-
cates for a particular program of care is not enough if
the environment is not conducive to the program. For
instance, providers should be physically situated together
in a team and available at the first point of patient con-
tact. In his experience, physical therapists were often in
their own departments and thus, inaccessible when
needed.
Authors also discussed that one of the largest bar-

riers to program implementation is the constant turn-
over of military personnel, making it difficult to
implement let alone sustain programs. One author
suggested the importance of having an interdisciplin-
ary team of civilian providers that is stationary and

has the opportunity to build good working relation-
ships. These civilian providers would serve as “pillars”
needed to sustain a musculoskeletal program of care.
Finally, one author spoke about the need to invest in

an infrastructure that collects important outcome mea-
sures from military patients. In his experience, important
outcomes are not well captured within the military
health system. There are varying opinions as to what
constitutes “value” and therefore what should be mea-
sured. Some outcomes considered are patient satisfac-
tion, costs, access to care, and having to out-source to
civilian settings. He discussed that military providers
want to keep patients in the military health system; how-
ever, if access times become too long, patients are re-
ferred to civilian providers.
We consulted organizations (Canadian Armed Forces

and the Canadian and Ontario Chiropractic Associa-
tions) and other experts during a summer institute
(Knowledge Translation Canada, June 2017) for their
perspectives and experiences regarding barriers and fa-
cilitators to health program implementation. Stake-
holders and experts suggested that barriers included lack
of motivation and knowledge on how to change current
practice patterns and behaviors, and time constraints of
implementing changes, while facilitators included incen-
tives (e.g., monetary, professional) and audit and feed-
back processes.

Discussion
To our knowledge, this is the first scoping study to iden-
tify implementation interventions for musculoskeletal
programs of care in the active military and barriers, facil-
itators, and outcomes of implementation.
The most common interventions implemented in

the military were delivered by coordinated multidis-
ciplinary teams with good communication practices.
Indeed, multidisciplinary interventions have increased
over the last few decades given that musculoskeletal
disorders and disability are influenced by somatic
pathology, and psychological and social factors [45]. A
common implementation strategy was using educa-
tional materials. There is little comparative effective-
ness research upon which to base the selection of
dissemination strategies [46]. However, there is some
evidence to support a multi-component approach
such as use of educational meetings/materials and
opinion leaders [47, 48].
Of the studies reporting barriers and facilitators to im-

plementation, most mapped onto the opportunity compo-
nent of the COM-B model, which refers to environmental
factors (physical or social) facilitating or impeding pro-
gram implementation. Our findings are consistent with
previous studies assessing barriers to program implemen-
tation using the COM-B model, with barriers also
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mapping onto the opportunity component. These include
studies aiming to design implementation interventions to
improve smoking cessation care for pregnant indigenous
smokers [49], to improve hearing-aid use in adult auditory
rehabilitation [50], to reduce imaging for low back pain
[51], and others [52, 53]. Identifying barriers and facilita-
tors to program implementation using a system such as
COM-B, and subsequently implementing corresponding
behavior change techniques, may help to improve the clin-
ical effectiveness and impact of programs of care [54, 55].
Our findings also indicate that some programs of care for
musculoskeletal disorders in the active military were ac-
ceptable, appropriate, feasible, and sustainable.
Our study has research implications. Future re-

search should better describe the implementation
steps of programs of care. Some studies in our review
provided little information describing how programs
of care were implemented. Implementation strategies
are complex social interventions addressing multifa-
ceted processes within interpersonal, organizational,
and community contexts [56–58]. Therefore, as with
clinical intervention research, implementation inter-
ventions need to be precisely described to enable
measurement and reproducibility [59] of their compo-
nents [60]. Proctor and colleagues proposed guidelines
for naming, defining, and operationalizing implemen-
tation interventions in terms of seven dimensions:
actor, the action, action targets, temporality, dose,
implementation outcomes addressed, and theoretical
justification [60]. Following these guidelines may im-
prove the understanding of how, why, when, and
where implementation interventions work. Having
well-described implementation interventions should
allow researchers to study their effectiveness on im-
plementation in properly conducted trials; this is a
major research priority.
While a multidisciplinary approach was common,

further research should explore the optimal compo-
nents of this approach. For example, which types of
healthcare providers/community workers should be
part of the team, do they need to be co-located, and
what should their roles be to optimize efficiency,
safety, and clinical- and cost-effectiveness of musculo-
skeletal care? For instance, evidence suggests that ex-
tended scope physiotherapists provide equal or better
care than physicians for musculoskeletal conditions in
terms of diagnostic accuracy, treatment effectiveness,
use of healthcare resources, economic costs, and pa-
tient satisfaction [61, 62]. Interprofessional musculo-
skeletal models of care and the extension of the
scope of practice for allied health professionals (e.g.,
therapist-led care) are becoming priorities in high-in-
come countries due to rising healthcare costs, phys-
ician shortages, aging of the population, and the

increased prevalence of chronic diseases [63]. In our
current review, we observed that some team members
were co-located and this was useful for consultation.
Further research might explore whether team mem-
bers that manage musculoskeletal conditions should
be co-located or if they function similar to remote/
virtual teams in terms of safety, efficiency, and effect-
iveness. Nonetheless, “optimal effectiveness of clinical
care teams requires a culture of trust; shared goals;
effective communication; and mutual respect for the
distinct skills, contributions, and roles of each mem-
ber” [64].
Most of the barriers and facilitators of implementation

mapped onto the opportunity component of the COM-B
model; thus, they are generally modifiable. Future re-
search should investigate the effectiveness of behavior
change techniques that target these barriers [22, 65]. For
example, barriers to clinical practice guideline compli-
ance, some of which were identified in the studies we
reviewed, include awareness, familiarity with the content,
skills, difficulty in changing usual practice, equipment,
space, time, staff, and financial resources [66]. Electronic
health records that support integration of guidelines at
the point of care, clinical decision support tools, and fi-
nancial incentives/compensation are some ways to alter
the physical environment to promote guideline compli-
ance [67, 68]. In addition, leadership support and opin-
ion leaders can create a social environment that
facilitates guideline uptake by addressing provider beliefs
and attitudes [69].
Finally, regarding outcomes, evaluating and reporting

implementation outcomes should precede the evaluation
and report of service and patient outcomes [23]. A num-
ber of implementation outcomes were either not evalu-
ated or had limited evaluation such as fidelity,
penetration, sustainability, adoption, and costs. Further,
valid and reliable measures of implementation outcomes
are required and should be used consistently by re-
searchers; work is underway in this area [70].

Strengths and limitations
Our scoping review has strengths. Our health sciences
librarian conducted a broad and methodologically
rigorous literature search, which was reviewed by a
second librarian. We outlined detailed inclusion/ex-
clusion criteria to identify relevant studies, pairs of
independent trained reviewers screened the literature,
and we used theoretical frameworks (EPOC, COM-B,
Proctor et al.’s taxonomy of implementation research
outcomes) to map and synthesize our findings. Poten-
tial limitations include the potential for missed stud-
ies not identified through the search strategy, and the
use of studies published in English only. However,
evidence suggests that this language restriction would
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not have significantly altered our results [71–73]. An-
other limitation was that we did not qualitatively
analyze comments from authors of studies, which
may have provided deeper insight into our scoping
review results.

Conclusion
Musculoskeletal disorders are a leading cause of disabil-
ity in the military and effective treatment strategies are
required to improve return to duty and maintain oper-
ational readiness. However, implementing programs of
care is challenging given the complexity of the military
healthcare system. We synthesized the available scientific
literature regarding implementation interventions for
musculoskeletal programs of care in the active military,
and the barriers, facilitators, and outcomes of implemen-
tation. Further research is needed to better understand
the various components and players of implementation
interventions, how to overcome barriers to implementa-
tion, effectiveness of implementation interventions, and
on implementation outcomes and their measurement.
Once a program of care is successfully implemented, the
ultimate goal is to determine whether it improves im-
portant patient outcomes such as recovery and return to
duty.

Appendix
Search strategies
MEDLINE Search Strategy
Search run April 25, 2017 in Ovid MEDLINE: Epub

Ahead of Print, In-Process & Other Non-Indexed Cita-
tions, Ovid MEDLINE® Daily and Ovid MEDLINE®
1946-Present; results (English): 1276
Search run June 1, 2018 in Ovid MEDLINE(R) In-

Process & Other Non-Indexed Citations, Ovid MEDLI-
NE(R) Daily and Ovid MEDLINE(R) 1946 to Present;
137 results
1. Military Personnel/
2. United States Department of Defense/
3. United States Department of Veterans Affairs/
4. Warfare/
5. active duty.ab,ti.
6. air force*.ab,ti.
7. armed forces.ab,ti.
8. (army or armies).ab,ti.
9. coast guard.ab,ti.
10. conscript*.ab,ti.
11. ((defence or defense) adj3 (department* or for-

ce*)).ab,ti.
12. limited-duty assignment*.ab,ti.
13. marching.ab,ti.
14. marine corps.ab,ti.
15. marines.ab,ti.

16. (military adj3 (base* or facilit* or installation* or
personnel or population* or service*)).ab,ti.
17. ((navy or navies or naval) adj3 (base* or facilit* or

installation* or personnel or population* or service*)).ab,
ti.
18. sailor*.ab,ti.
19. soldier*.ab,ti.
20. submariner*.ab,ti.
21. "Department of Defense".ab,ti.
22. "Department of Veterans Affairs".ab,ti.
23. or/1-22 [**military terms]
24. Whiplash Injuries/
25. Neck Injuries/
26. Neck Pain/
27. Neck Muscles/in [Injuries]
28. exp Cervical Vertebrae/in [Injuries]
29. Radiculopathy/
30. exp Brachial Plexus Neuropathies/
31. exp Torticollis/
32. whiplash.ab,ti.
33. "neck injur*".ab,ti.
34. "neck pain*".ab,ti.
35. "neck ache*".ab,ti.
36. "neckache*".ab,ti.
37. "brachial plexus neuropath*".ab,ti.
38. torticollis.ab,ti.
39. or/24-38
40. exp Back Injuries/
41. exp Back Pain/
42. Coccyx/in [Injuries]
43. Intervertebral Disc Degeneration/
44. Intervertebral Disc Displacement/
45. Lumbar Vertebrae/in [Injuries]
46. Lumbosacral Region/in [Injuries]
47. Osteoarthritis, Spine/
48. Piriformis Muscle Syndrome/
49. Sciatica/
50. Spinal Diseases/
51. Spinal Stenosis/
52. (back adj3 (ache* or injur* or pain*)).ab,ti.
53. (backache* adj3 (injur* or pain*)).ab,ti.
54. (back pain or back-pain).ab,ti.
55. (lumbar disc* adj3 (extruded or degenerat* or her-

niat* or prolapse* or sequestered or slipped)).ab,ti.
56. (lumbar disk* adj3 (extruded or degenerat* or her-

niat* or prolapse* or sequestered or slipped)).ab,ti.
57. "low* back pain".ab,ti.
58. (lumbar adj3 (pain or facet or nerve root* or osteo-

arthritis or radicul* or spinal stenosis or spondylo* or
zygapophys*)).ab,ti.
59. "Piriformis syndrome*".ab,ti.
60. (sacral adj2 pain*).ab,ti.
61. ((spine or spinal) adj4 (condition* or disable* or

disabilit* or disorder* or pain or stenos?s)).ab,ti.
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62. spondylosis.ab,ti.
63. or/40-62
64. Shoulder Pain/
65. exp Cumulative Trauma Disorders/
66. exp Median Neuropathy/
67. Shoulder Impingement Syndrome/
68. Shoulder Joint/in [Injuries]
69. Shoulder/in [Injuries]
70. exp Arm Injuries/
71. exp Hand Injuries/
72. Wrist Injuries/
73. Finger Injuries/
74. exp Tendinopathy/
75. Radial Neuropathy/
76. exp Ulnar Neuropathies/
77. Bursitis/
78. Thoracic Outlet Syndrome/
79. carpal tunnel syndrome.ab,ti.
80. (medial and (epicondylitis or epicondylosis or epi-

condylopathy)).ab,ti.
81. (lateral and (epicondylitis or epicondylosis or epi-

condylopathy)).ab,ti.
82. (shoulder* and (pain* or sprain* or strain* or injur*

or impair* or impingement)).ab,ti.
83. (shoulder* and (tendinopathy or tendinitis or ten-

donitis or capsulitis)).ab,ti.
84. ((glenohumeral or scapul* or acromioclavicular)

and (pain* or sprain* or strain* or injur*)).ab,ti.
85. (rotator cuff and (sprain* or strain* or tear* or bur-

sitis tendinitis or impingement)).ab,ti.
86. ((supraspinatus or infraspinatus or subscapularis or

teres minor or teres major or trapezius or deltoid or bi-
cep* or bicipital or coracobrachialis) and (impingement
or strain* or tear* or pain*)).ab,ti.
87. biceps tend?nitis.ab,ti.
88. painful arc.ab,ti.
89. frozen shoulder.ab,ti.
90. (shoulder and capsul* and (sprain* or tear*)).ab,ti.
91. (forearm* and (pain* or sprain* or strain* or injur*

or impair*)).ab,ti.
92. (arm* and (pain* or sprain* or strain* or injur* or

impair*)).ab,ti.
93. (wrist* and (pain* or sprain* or strain* or injur* or

impair*)).ab,ti.
94. (hand* and (pain* or sprain* or strain* or injur* or

impair*)).ab,ti.
95. (elbow* and (pain* or sprain* or strain* or injur* or

impair*)).ab,ti.
96. "thoracic outlet syndrome*".ab,ti.
97. tennis elbow.ab,ti.
98. (rotator cuff and (injur* or disorder*)).ab,ti.
99. (median adj neuropath*).ab,ti.
100. (radial adj neuropath*).ab,ti.
101. bursitis.ab,ti.

102. "upper extremit* injur*".ab,ti.
103. ((radial or ulnar) adj neuropath*).ab,ti.
104. "cumulative trauma disorder*".ab,ti.
105. (repetit* and (strain* or sprain* or injur* or disor-

der*)).ab,ti.
106. or/64-105
107. exp Hip Injuries/
108. exp Leg Injuries/
109. exp Knee Injuries/
110. exp Foot Injuries/
111. exp Toes/in [Injuries]
112. Ankle Injuries/
113. Lateral Ligament, Ankle/in [Injuries]
114. Fasciitis, Plantar/
115. (lower and (extremit* or limb* or injur*)).ab,ti.
116. (ankle* and (sprain* or strain* or injur*)).ab,ti.
117. ((talofibular or calcaneofibular or calcaneotibial

or tibio*) and (sprain* or strain* or injur*)).ab,ti.
118. (buttock* and (injur* or pain*)).ab,ti.
119. (foot and (injur* or pain*)).ab,ti.
120. (hip* and (injur* or pain*)).ab,ti.
121. (knee* and (injur* or pain*)).ab,ti.
122. (leg* and (injur* or pain*)).ab,ti.
123. (thigh* and (injur* or pain*)).ab,ti.
124. (toe* and (injur* or pain* or turf)).ab,ti.
125. "patellofemoral pain syndrome*".ab,ti.
126. tendinosis.ab,ti.
127. tendinopathy.ab,ti.
128. plantar fasciitis.ab,ti.
129. or/107-128
130. Musculoskeletal Diseases/
131. ((musculoskeletal or musculo-skeletal or MSK)

adj4 (care or condition* or disabilit* or disorder* or
injur* or pain or problem* or trouble*)).ab,ti.
132. 130 or 131
133. 39 or 63 or 106 or 129 or 132
134. Delivery of Health Care/
135. Delivery of Health Care, Integrated/
136. Health Planning/
137. Health Promotion/
138. Health Services Administration/
139. Hospitals, Military/
140. Integrative Medicine/
141. Interprofessional Relations/
142. Military Medicine/
143. Patient Care Management/
144. (approach* adj3 (collaborative or complementary

or comprehensive or innovative or integrated)).ab,ti.
145. barrier*.ab,ti.
146. facilitator*.ab,ti.
147. ((health care or healthcare or health-care) adj3

(clinic or clinics or delivery or implement* or interven-
tion* or military or model* or plan* or process* or pro-
gram*or services or strateg* or system* or team*)).ab,ti.
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148. (implement* adj3 (intervention* or model* or
plan* or process* or program*or strateg* or system*)).ab,
ti.
149. (innovative adj3 (intervention* or model* or plan*

or process* or program*or strateg* or system*)).ab,ti.
150. (military adj3 (care or clinic or clinics or hospital*

or medical or medicine or program*)).ab,ti.
151. (model* adj care).ab,ti.
152. ((integrated or interdisciplinary or interprofes-

sional or multidisciplinary or multi-disciplinary) adj3
(care or clinic or clinics or implement* or intervention*
or military or model* or plan* or process* or program*or
strateg* or system*)).ab,ti.
153. (pathway* adj3 (clinical or care)).ab,ti.
154. primary health care.ab,ti.
155. (program* adj3 (assess* or evaluat*)).ab,ti.
156. or/134-155
157. 23 and 133 and 156
158. limit 157 to english language

Cochrane Central Register of Controlled Trials Search
Strategy
Search run April 26, 2017 in EBM Reviews - Cochrane
Central Register of Controlled Trials March 2017; 56
results
Search run June 1, 2018 in EBM Reviews - Cochrane

Central Register of Controlled Trials April 2018; 10
results

#
▼

Searches

183 limit 182 to english language

182 23 and 158 and 181

181 or/159-180

180 (program* adj3 (assess* or evaluat*)).ab,ti.

179 primary health care.ab,ti.

178 (pathway* adj3 (clinical or care)).ab,ti.

177 ((integrated or interdisciplinary or interprofessional or
multidisciplinary or multi-disciplinary) adj3 (care or clinic or clinics
or implement* or intervention* or military or model* or plan* or
process* or program*or strateg* or system*)).ab,ti.

176 (model* adj care).ab,ti.

175 (military adj3 (care or clinic or clinics or hospital* or medical or
medicine or program*)).ab,ti.

174 (innovative adj3 (intervention* or model* or plan* or process* or
program*or strateg* or system*)).ab,ti.

173 (implement* adj3 (intervention* or model* or plan* or process* or
program*or strateg* or system*)).ab,ti.

172 ((health care or healthcare or health-care) adj3 (clinic or clinics or
delivery or implement* or intervention* or military or model* or
plan* or process* or program*or services or strateg* or system* or
team*)).ab,ti.

171 facilitator*.ab,ti.

170 barrier*.ab,ti.

Appendix (Continued)

#
▼

Searches

169 (approach* adj3 (collaborative or complementary or
comprehensive or innovative or integrated)).ab,ti.

168 Patient Care Management/

167 Military Medicine/

166 Interprofessional Relations/

165 Integrative Medicine/

164 Hospitals, Military/

163 Health Services Administration/

162 Health Promotion/

161 Health Planning/

160 Delivery of Health Care, Integrated/

159 Delivery of Health Care/

158 43 or 88 or 131 or 154 or 157

157 155 or 156

156 ((musculoskeletal or musculo-skeletal or MSK) adj4 (care or
condition* or disabilit* or disorder* or injur* or pain or problem*
or trouble*)).ab,ti.

155 Musculoskeletal Diseases/

154 or/132-153

153 plantar fasciitis.ab,ti.

152 tendinopathy.ab,ti.

151 tendinosis.ab,ti.

150 "patellofemoral pain syndrome*".ab,ti.

149 (toe* and (injur* or pain* or turf)).ab,ti.

148 (thigh* and (injur* or pain*)).ab,ti.

147 (leg* and (injur* or pain*)).ab,ti.

146 (knee* and (injur* or pain*)).ab,ti.

145 (hip* and (injur* or pain*)).ab,ti.

144 (foot and (injur* or pain*)).ab,ti.

143 (buttock* and (injur* or pain*)).ab,ti.

142 ((talofibular or calcaneofibular or calcaneotibial or tibio*) and
(sprain* or strain* or injur*)).ab,ti.

141 (ankle* and (sprain* or strain* or injur*)).ab,ti.

140 (lower and (extremit* or limb* or injur*)).ab,ti.

139 Fasciitis, Plantar/

138 Lateral Ligament, Ankle/in [Injuries]

137 Ankle Injuries/

136 exp Toes/in [Injuries]

135 exp Foot Injuries/

134 exp Knee Injuries/

133 exp Leg Injuries/

132 exp Hip Injuries/

131 or/89-130

130 (repetit* and (strain* or sprain* or injur* or disorder*)).ab,ti.
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#
▼

Searches

129 "cumulative trauma disorder*".ab,ti.

128 ((radial or ulnar) adj neuropath*).ab,ti.

127 "upper extremit* injur*".ab,ti.

126 bursitis.ab,ti.

125 (radial adj neuropath*).ab,ti.

124 (median adj neuropath*).ab,ti.

123 (rotator cuff and (injur* or disorder*)).ab,ti.

122 tennis elbow.ab,ti.

121 "thoracic outlet syndrome*".ab,ti.

120 (elbow* and (pain* or sprain* or strain* or injur* or impair*)).ab,ti.

119 (hand* and (pain* or sprain* or strain* or injur* or impair*)).ab,ti.

118 (wrist* and (pain* or sprain* or strain* or injur* or impair*)).ab,ti.

117 (arm* and (pain* or sprain* or strain* or injur* or impair*)).ab,ti.

116 (forearm* and (pain* or sprain* or strain* or injur* or impair*)).ab,ti.

115 (shoulder and capsul* and (sprain* or tear*)).ab,ti.

114 frozen shoulder.ab,ti.

113 painful arc.ab,ti.

112 biceps tend?nitis.ab,ti.

111 ((supraspinatus or infraspinatus or subscapularis or teres minor or
teres major or trapezius or deltoid or bicep* or bicipital or
coracobrachialis) and (impingement or strain* or tear* or
pain*)).ab,ti.

110 (rotator cuff and (sprain* or strain* or tear* or bursitis tendinitis or
impingement)).ab,ti.

109 ((glenohumeral or scapul* or acromioclavicular) and (pain* or
sprain* or strain* or injur*)).ab,ti.

108 (shoulder* and (tendinopathy or tendinitis or tendonitis or
capsulitis)).ab,ti.

107 (shoulder* and (pain* or sprain* or strain* or injur* or impair* or
impingement)).ab,ti.

106 (lateral and (epicondylitis or epicondylosis or
epicondylopathy)).ab,ti.

105 (medial and (epicondylitis or epicondylosis or
epicondylopathy)).ab,ti.

104 carpal tunnel syndrome.ab,ti.

103 Thoracic Outlet Syndrome/

102 Bursitis/

101 exp Ulnar Neuropathies/

100 Radial Neuropathy/

99 exp Tendinopathy/

98 Finger Injuries/

97 Wrist Injuries/

96 exp Hand Injuries/

95 exp Arm Injuries/

94 Shoulder/in [Injuries]

93 Shoulder Joint/in [Injuries]

Appendix (Continued)

#
▼

Searches

92 Shoulder Impingement Syndrome/

91 exp Median Neuropathy/

90 exp Cumulative Trauma Disorders/

89 Shoulder Pain/

88 or/44-87

87 "vertebrogenic adj3 pain*".ab,ti.

86 "tailbone adj3 pain*".ab,ti.

85 spondylosis.ab,ti.

84 (spinal adj2 stenos?s).ab,ti.

83 (SI adj2 joint).ab,ti.

82 "sciatic*".ab,ti.

81 (sacroiliac or sacro-iliac).ab,ti.

80 (sacrococcygeal adj2 pain*).ab,ti.

79 (sacral adj2 pain*).ab,ti.

78 radiculalgia.ab,ti.

77 "Piriformis syndrome*".ab,ti.

76 "lumbosacr*".ab,ti.

75 lumboischialgia.ab,ti.

74 "lumbarsacr*".ab,ti.

73 (lumbar adj3 (pain or facet or nerve root* or osteoarthritis or
radicul* or spinal stenosis or spondylo* or zygapophys*)).ab,ti.

72 "low*-back-pain*".ab,ti.

71 "low* back pain".ab,ti.

70 (lumbar disk* adj3 (extruded or degenerat* or herniat* or
prolapse* or sequestered or slipped)).ab,ti.

69 (lumbar disc* adj3 (extruded or degenerat* or herniat* or
prolapse* or sequestered or slipped)).ab,ti.

68 dorsalgia.ab,ti.

67 coccyx.ab,ti.

66 coccydynia.ab,ti.

65 (back pain or back-pain).ab,ti.

64 (backache* adj3 (injur* or pain*)).ab,ti.

63 (back adj3 (ache* or injur* or pain*)).ab,ti.

62 (avulsed lumbar adj3 (disc* or disk*)).ab,ti.

61 Spinal Stenosis/

60 Spinal Diseases/

59 Sciatica/

58 Sacrum/

57 Sacroiliac Joint/

56 Sacrococcygeal Region/

55 Polyradiculopathy/

54 Piriformis Muscle Syndrome/

53 Osteoarthritis, Spine/

52 Lumbosacral Region/in [Injuries]

Cancelliere et al. Implementation Science           (2019) 14:82 Page 27 of 35



Appendix (Continued)

#
▼
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51 exp Lumbosacral Plexus/

50 Lumbar Vertebrae/in [Injuries]

49 Intervertebral Disc Displacement/

48 Intervertebral Disc Degeneration/

47 Coccyx/in [Injuries]

46 exp Back Pain/

45 exp Back Injuries/

44 exp Back/

43 or/24-42

42 torticollis.ab,ti.

41 "brachial plexus neuropath*".ab,ti.

40 "radiculopath*".ab,ti.

39 "cervicodynia*".ab,ti.

38 "cervicalgia*".ab,ti.

37 "neckache*".ab,ti.

36 "neck ache*".ab,ti.

35 "cervical pain*".ab,ti.

34 "neck pain*".ab,ti.

33 "neck injur*".ab,ti.

32 whiplash.ab,ti.

31 Torticollis/

30 exp Brachial Plexus Neuropathies/

29 Radiculopathy/

28 exp Cervical Vertebrae/in [Injuries]

27 Neck Muscles/in [Injuries]

26 Neck Pain/

25 Neck Injuries/

24 Whiplash Injuries/

23 or/1-22

22 "Department of Veterans Affairs".ab,ti.

21 "Department of Defense".ab,ti.

20 submariner*.ab,ti.

19 soldier*.ab,ti.

18 sailor*.ab,ti.

17 ((navy or navies or naval) adj3 (base* or facilit* or installation* or
personnel or population* or service*)).ab,ti.

16 (military adj3 (base* or facilit* or installation* or personnel or
population* or service*)).ab,ti.

15 marines.ab,ti.

14 marine corps.ab,ti.

13 marching.ab,ti.

12 limited-duty assignment*.ab,ti.

11 ((defence or defense) adj3 (department* or force*)).ab,ti.

Appendix (Continued)

#
▼

Searches

10 conscript*.ab,ti.

9 coast guard.ab,ti.

8 (army or armies).ab,ti.

7 armed forces.ab,ti.

6 air force*.ab,ti.

5 active duty.ab,ti.

4 Warfare/

3 United States Department of Veterans Affairs/

2 United States Department of Defense/

1 Military Personnel/

CINAHL Search Stratey
Search run April 26, 2017 in CINAHL Plus with Full
Text; 19 results with limiters ( English Language; Peer
Reviewed; Exclude MEDLINE records)
Search run June 1, 2018 in CINAHL Plus with Full

Text; 15 results

Search
ID#

Search Terms

S163 S122 AND S140 AND S161

S162 S122 AND S140 AND S161

S161 S141 OR S142 OR S143 OR S144 OR S145 OR S146 OR S147
OR S148 OR S149 OR S150 OR S151 OR S152 OR S153 OR
S154 OR S155 OR S156 OR S157 OR S158 OR S159 OR S160

S160 program* N3 (assess* or evaluat*)

S159 primary health care

S158 pathway* N3 (clinical or care)

S157 (integrated or interdisciplinary or interprofessional or
multidisciplinary or multi-disciplinary) N3 (care or clinic or
clinics or implement* or intervention* or military or model*
or plan* or process* or program*or strateg* or system*)

S156 model* N1 care

S155 military N3 (care or clinic or clinics or hospital* or medical or
medicine or program*)

S154 innovative N3 (intervention* or model* or plan* or process*
or program*or strateg* or system*)

S153 implement* N3 (intervention* or model* or plan* or process*
or program*or strateg* or system*)

S152 (health care or healthcare or health-care) N3 (clinic or clinics
or delivery or implement* or intervention* or military or
model* or plan* or process* or program*or services or
strateg* or system* or team*)

S151 approach* N3 (collaborative or complementary or
comprehensive or innovative or integrated)

S150 (MH "Patient Care Plans+")

S149 (MH “Military Nursing”)

S148 (MH "Military Medicine")

S147 (MH “Interprofessional Relations”)
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Search
ID#

Search Terms

S146 (MH "Integrative Medicine")

S145 (MH "Hospitals, Military")

S144 (MH "Health Services Administration")

S143 (MH "Health Promotion")

S142 (MH "Health Care Delivery, Integrated")

S141 (MH "Health Care Delivery")

S140 S123 OR S124 OR S125 OR S126 OR S127 OR S128 OR S129
OR S130 OR S131 OR S132 OR S133 OR S134 OR S135 OR
S136 OR S137 OR S138 OR S139

S139 warfare

S138 submariner*

S137 soldier*

S136 sailor*

S135 (navy or navies or naval) N3 (base* or facilit* or installation*
or personnel or population* or service*)

S134 military N3 (base* or facilit* or installation* or personnel or
population* or service*)

S133 marine corps

S132 marching

S131 limited-duty assignment*

S130 (defence or defense) N3 (department* or force*)

S129 conscript*

S128 coast guard

S127 army or armies

S126 armed forces

S125 air force*

S124 active duty

S123 (MH "Military Personnel+")

S122 S58 OR S100 OR S118 OR S121

S121 S119 OR S120

S120 (musculoskeletal or musculo-skeletal or MSK) N3 (care or
condition* or disabilit* or disorder* or injur* or pain or
problem* or trouble*)

S119 (MH "Musculoskeletal Diseases")

S118 S101 OR S102 OR S103 OR S104 OR S105 OR S106 OR S107
OR S108 OR S109 OR S110 OR S111 OR S112 OR S113 OR
S114 OR S115 OR S116 OR S117

S117 plantar fasciitis

S116 tendinopathy

S115 tendinosis

S114 patellofemoral pain syndrome*

S113 toe* N3 (injur* or pain* or turf)

S112 thigh* N3 (injur* or pain*)

S111 leg* N3 (injur* or pain*)

S110 knee* N3 (injur* or pain*)

Appendix (Continued)

Search
ID#

Search Terms

S109 hip* N3 (injur* or pain*)

S108 foot N3 (injur* or pain*)

S107 buttock* N3 (injur* or pain*)

S106 (talofibular or calcaneofibular or calcaneotibial or tibio*) N3
(sprain* or strain* or injur*)

S105 ankle* N3 (sprain* or strain* or injur*)

S104 lower N3 (extremit* or limb* or injur*)

S103 (MH "Plantar Fasciitis")

S102 (MH "Leg Injuries+")

S101 (MH "Hip Injuries+")

S100 S59 OR S60 OR S61 OR S62 OR S63 OR S64 OR S65 OR S66
OR S67 OR S68 OR S69 OR S70 OR S71 OR S72 OR S73 OR
S74 OR S75 OR S76 OR S77 OR S78 OR S79 OR S80 OR S81
OR S82 OR S83 OR S84 OR S85 OR S86 OR S87 OR S88 OR
S89 OR S90 OR S91 OR S92 OR S93 OR S94 OR S95 OR S96
OR S97 OR S98 OR S99

S99 repetit* N3 (strain* or sprain* or injur* or disorder*)

S98 cumulative trauma disorder*

S97 (radial or ulnar) N3 neuropath*

S96 upper extremit* injur*

S95 bursitis

S94 radial N3 neuropath*

S93 median N3 neuropath*

S92 rotator cuff N3 (injur* or disorder*)

S91 tennis elbow

S90 thoracic outlet syndrome*

S89 elbow* N3 (pain* or sprain* or strain* or injur* or impair*)).

S88 hand* N3 (pain* or sprain* or strain* or injur* or impair*)

S87 wrist* N3 (pain* or sprain* or strain* or injur* or impair*)

S86 (arm* N3 (pain* or sprain* or strain* or injur* or impair*)

S85 forearm* N3 (pain* or sprain* or strain* or injur* or impair*)

S84 shoulder and capsul* N3 (sprain* or tear*)

S83 frozen shoulder

S82 painful arc

S81 biceps tend?nitis

S80 (supraspinatus or infraspinatus or subscapularis or teres minor
or teres major or trapezius or deltoid or bicep* or bicipital or
coracobrachialis) N3 (impingement or strain* or tear* or
pain*)

S79 rotator cuff N3 (sprain* or strain* or tear* or bursitis tendinitis
or impingement)

S78 (glenohumeral or scapul* or acromioclavicular) N3 (pain* or
sprain* or strain* or injur*)

S77 shoulder* N3 (tendinopathy or tendinitis or tendonitis or
capsulitis)

S76 shoulder* N3 (pain* or sprain* or strain* or injur* or impair*
or impingement)
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Search
ID#

Search Terms

S75 lateral N3 (epicondylitis or epicondylosis or epicondylopathy)

S74 medial N3 (epicondylitis or epicondylosis or epicondylopathy)

S73 carpal tunnel syndrome

S72 (MH "Thoracic Outlet Syndrome")

S71 (MH "Carpal Tunnel Syndrome")

S70 (MH "Bursitis")

S69 (MH "Ulnar Neuropathies+")

S68 (MH "Tendinopathy")

S67 (MH "Finger Injuries+")

S66 (MH "Wrist Injuries+")

S65 (MH "Hand Injuries+")

S64 (MH "Arm Injuries+")

S63 (MH "Shoulder/IN")

S62 (MH "Shoulder Joint/IN")

S61 (MH "Shoulder Impingement Syndrome")

S60 (MH "Cumulative Trauma Disorders+")

S59 (MH "Shoulder Pain")

S58 S18 OR S57

S57 S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26
OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR
S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41
OR S42 OR S43 OR S44 OR S45 OR S46 OR S47 OR S48 OR
S49 OR S50 OR S51 OR S52 OR S53 OR S54 OR S55 OR S56

S56 vertebrogenic N3 pain*

S55 tailbone N3 pain*

S54 spondylosis

S53 spinal stenos?s

S52 SI N2 joint

S51 sciatic*

S50 sacroiliac or sacro-iliac

S49 sacrococcygeal N3 pain*

S48 sacral N3 pain*

S47 radiculalgia

S46 Piriformis syndrome*

S45 lumbosacr*

S44 lumboischialgia

S43 lumbarsacr*

S42 lumbar N3 (pain or facet or nerve root* or osteoarthritis
or radicul* or spinal stenosis or spondylo* or
zygapophys*)

S41 low*-back-pain*

S40 low* back pain*

S39 lumbar disk* N3 (extruded or degenerat* or herniat* or
prolapse* or sequestered or slipped)

S38 lumbar disc* N3 (extruded or degenerat* or herniat* or

Appendix (Continued)

Search
ID#

Search Terms

prolapse* or sequestered or slipped)

S37 dorsalgia

S36 coccy*

S35 back-pain

S34 backache* N3 (injur* or pain*)

S33 back N3 (ache* or injur* or pain*)

S32 avulsed lumbar N3 (disc* or disk*)

S31 (MH "Spinal Stenosis")

S30 (MH "Sciatica")

S29 (MH "Sacrum")

S28 (MH "Sacroiliac Joint")

S27 (MH "Polyradiculopathy+")

S26 (MH "Piriformis Muscles")

S25 (MH "Osteoarthritis, Spine+")

S24 (MH "Lumbosacral Plexus")

S23 (MH "Lumbar Vertebrae/IN")

S22 (MH "Intervertebral Disk Displacement")

S21 (MH "Coccyx/IN")

S20 (MH "Back Injuries+")

S19 (MH "Back Pain") OR (MH "Low Back Pain")

S18 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR
S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17

S17 torticollis

S16 brachial plexus neuropath*

S15 radiculopath*

S14 cervicodynia*

S13 cervicalgia*

S12 neck n1 ache* OR neckache*

S11 neck n3 pain*

S10 neck n3 injur*

S9 whiplash

S8 (MH "Torticollis")

S7 (MH "Brachial Plexus Neuropathies")

S6 (MH "Radiculopathy")

S5 (MH "Cervical Vertebrae/IN")

S4 (MH "Neck Muscles/IN")

S3 (MH "Neck Injuries")

S2 (MH "Neck Pain")

S1 (MH "Whiplash Injuries")

Embase Search Strategy
Search run April 25, 2017 in Embase Classic+Embase
1947 to 2017 April 24; 883 results
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Search run June 1, 2018 in Embase Classic+Embase
1947 to 2018 May 31; 96 results

#
▲

Searches

1 soldier/

2 warfare/

3 active duty.ab,ti.

4 air force*.ab,ti.

5 armed forces.ab,ti.

6 (army or armies).ab,ti.

7 coast guard.ab,ti.

8 conscript*.ab,ti.

9 ((defence or defense) adj3 (department* or force*)).ab,ti.

10 limited-duty assignment*.ab,ti.

11 marching.ab,ti.

12 marine corps.ab,ti.

13 marines.ab,ti.

14 (military adj3 (base* or facilit* or installation* or personnel or
population* or service*)).ab,ti.

15 ((navy or navies or naval) adj3 (base* or facilit* or installation* or
personnel or population* or service*)).ab,ti.

16 sailor*.ab,ti.

17 soldier*.ab,ti.

18 submariner*.ab,ti.

19 or/1-18

20 whiplash injury/

21 neck injury/

22 neck pain/

23 neck muscle/

24 exp cervical spine/

25 radiculopathy/

26 brachial plexus neuropathy/

27 torticollis/

28 whiplash.ab,ti.

29 "neck injur*".ab,ti.

30 "neck pain*".ab,ti.

31 "neck ache*".ab,ti.

32 "neckache*".ab,ti.

33 "brachial plexus neuropath*".ab,ti.

34 torticollis.ab,ti.

35 or/20-34

36 backache/

37 coccygeal bone/

38 intervertebral disc degeneration/

39 intervertebral disk hernia/

40 lumbar vertebra/

Appendix (Continued)

#
▲
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41 spondylosis/

42 ischialgia/

43 sacrum/

44 spine disease/

45 vertebral canal stenosis/

46 (back adj3 (ache* or injur* or pain*)).ab,ti.

47 (backache* adj3 (injur* or pain*)).ab,ti.

48 (back pain or back-pain).ab,ti.

49 (lumbar disc* adj3 (extruded or degenerat* or herniat* or
prolapse* or sequestered or slipped)).ab,ti.

50 (lumbar disk* adj3 (extruded or degenerat* or herniat* or
prolapse* or sequestered or slipped)).ab,ti.

51 "low* back pain".ab,ti.

52 (lumbar adj3 (pain or facet or nerve root* or osteoarthritis or
radicul* or spinal stenosis or spondylo* or zygapophys*)).ab,ti.

53 "Piriformis syndrome*".ab,ti.

54 (sacral adj2 pain*).ab,ti.

55 ((spine or spinal) adj4 (condition* or disable* or disabilit* or
disorder* or pain or stenos?s)).ab,ti.

56 spondylosis.ab,ti.

57 or/36-56

58 shoulder pain/

59 cumulative trauma disorders/

60 median neuropathy/

61 shoulder impingement syndrome/

62 exp arm injuries/

63 exp hand injuries/

64 exp tendinopathy/

65 radial neuropathy/

66 exp ulnar neuropathies/

67 bursitis/

68 thoracic outlet syndrome/

69 carpal tunnel syndrome.ab,ti.

70 (medial and (epicondylitis or epicondylosis or
epicondylopathy)).ab,ti.

71 (lateral and (epicondylitis or epicondylosis or
epicondylopathy)).ab,ti.

72 (shoulder* and (pain* or sprain* or strain* or injur* or impair* or
impingement)).ab,ti.

73 (shoulder* and (tendinopathy or tendinitis or tendonitis or
capsulitis)).ab,ti.

74 ((glenohumeral or scapul* or acromioclavicular) and (pain* or
sprain* or strain* or injur*)).ab,ti.

75 (rotator cuff and (sprain* or strain* or tear* or bursitis tendinitis or
impingement)).ab,ti.

76 ((supraspinatus or infraspinatus or subscapularis or teres minor or
teres major or trapezius or deltoid or bicep* or bicipital or
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Appendix (Continued)

#
▲

Searches

coracobrachialis) and (impingement or strain* or tear* or
pain*)).ab,ti.

77 biceps tend?nitis.ab,ti.

78 painful arc.ab,ti.

79 frozen shoulder.ab,ti.

80 (shoulder and capsul* and (sprain* or tear*)).ab,ti.

81 (forearm* and (pain* or sprain* or strain* or injur* or impair*)).ab,ti.

82 (arm* and (pain* or sprain* or strain* or injur* or impair*)).ab,ti.

83 (wrist* and (pain* or sprain* or strain* or injur* or impair*)).ab,ti.

84 (hand* and (pain* or sprain* or strain* or injur* or impair*)).ab,ti.

85 (elbow* and (pain* or sprain* or strain* or injur* or impair*)).ab,ti.

86 "thoracic outlet syndrome*".ab,ti.

87 tennis elbow.ab,ti.

88 (rotator cuff and (injur* or disorder*)).ab,ti.

89 (median adj neuropath*).ab,ti.

90 (radial adj neuropath*).ab,ti.

91 bursitis.ab,ti.

92 "upper extremit* injur*".ab,ti.

93 ((radial or ulnar) adj neuropath*).ab,ti.

94 "cumulative trauma disorder*".ab,ti.

95 (repetit* and (strain* or sprain* or injur* or disorder*)).ab,ti.

96 or/58-95

97 exp hip injury/

98 exp leg injury/

99 knee ligament/

100 exp foot injury/

101 exp ankle injury/

102 exp collateral ligaments/

103 plantar fasciitis/

104 (lower and (extremit* or limb* or injur*)).ab,ti.

105 (ankle* and (sprain* or strain* or injur*)).ab,ti.

106 ((talofibular or calcaneofibular or calcaneotibial or tibio*) and
(sprain* or strain* or injur*)).ab,ti.

107 (buttock* and (injur* or pain*)).ab,ti.

108 (foot and (injur* or pain*)).ab,ti.

109 (hip* and (injur* or pain*)).ab,ti.

110 (knee* and (injur* or pain*)).ab,ti.

111 (leg* and (injur* or pain*)).ab,ti.

112 (thigh* and (injur* or pain*)).ab,ti.

113 (toe* and (injur* or pain* or turf)).ab,ti.

114 "patellofemoral pain syndrome*".ab,ti.

115 tendinosis.ab,ti.

116 tendinopathy.ab,ti.

Appendix (Continued)

#
▲

Searches

117 plantar fasciitis.ab,ti.

118 or/97-117

119 musculoskeletal disease/

120 ((musculoskeletal or musculo-skeletal or MSK) adj4 (care or
condition* or disabilit* or disorder* or injur* or pain or problem*
or trouble*)).ab,ti.

121 119 or 120

122 118 or 121

123 health care delivery/

124 integrated health care system/

125 health care planning/

126 health promotion/

127 integrative medicine/

128 military medicine/

129 (approach* adj3 (collaborative or complementary or
comprehensive or innovative or integrated)).ab,ti.

130 barrier*.ab,ti.

131 facilitator*.ab,ti.

132 ((health care or healthcare or health-care) adj3 (clinic or clinics or
delivery or implement* or intervention* or military or model* or
plan* or process* or program*or services or strateg* or system* or
team*)).ab,ti.

133 (implement* adj3 (intervention* or model* or plan* or process* or
program*or strateg* or system*)).ab,ti.

134 (innovative adj3 (intervention* or model* or plan* or process* or
program*or strateg* or system*)).ab,ti.

135 (military adj3 (care or clinic or clinics or hospital* or medical or
medicine or program*)).ab,ti.

136 (model* adj care).ab,ti.

137 ((integrated or interdisciplinary or interprofessional or
multidisciplinary or multi-disciplinary) adj3 (care or clinic or clinics
or implement* or intervention* or military or model* or plan* or
process* or program*or strateg* or system*)).ab,ti.

138 (pathway* adj3 (clinical or care)).ab,ti.

139 primary health care.ab,ti.

140 (program* adj3 (assess* or evaluat*)).ab,ti.

141 or/123-140

142 19 and (35 or 57 or 96 or 122) and 141

143 limit 142 to english language

144 limit 143 to (conference abstract or conference paper or
"conference review" or editorial or letter)

145 143 not 144
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