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Abstract

Context: The direct and indirect costs of work-related
musculoskeletal disorders are significant. Prevention is
the most effective way to control these costs. To do that, we
must understand how these disorders develop.
Objectives: To use the five models of osteopathic care to
illustrate how cellular processes and neural reflexes
interact to create work-related musculoskeletal pathology
and to provide evidence-informed musculoskeletal injury
and disability prevention recommendations.
Methods: A literature review of electronic databases
(Google Scholar, PubMed, OVID, Cochrane Central Reg-
ister of Controlled Trials, PEDro, and OSTMED.DR) from
inception to October 16, 2019 and hand-search of publi-
cation references was performed for systematic reviews,
cohort studies, case–control studies, and random-
ized controlled trials. The search terms reflected topics
related to occupational injury and injury prevention, and
included supplementary laboratory studies and narrative
reviews related to the biological aspects of musculoskel-
etal injury. The eligible studies contained the following
criteria: (1) the population of working age; (2) exposures
to known risk factors, musculoskeletal disorders, and
psychosocial factors; (3) written in English; (4) full text
papers published in peer-reviewed journals; and (5) sys-
tematic review, cohort study, case–control study, and
randomized controlled trial methodology. Studies were
excluded if they included outcomes of productivity
and costs only or outcomes that were assessed through
qualitative methods only.

Results: The literature search resulted in 1,074 citations; 26
clinical studies and 14 systematic reviews were used in this
review. A comprehensive workplace musculoskeletal disor-
der prevention program should match demands to capacity,
correct dysfunctional movement patterns, and limit tissue
vulnerability (biomechanical–structural model); restore
alpha–gamma balance, tonic-phasic synergistic function,
and autonomic balance (neurological model); maximize
physiologic reserve (metabolic–energymodel) component of
a prevention program; optimize respiration and circulation
(respiratory–circulatory model); and address cognitive dis-
tortions (behavioral–biopsychosocial model).
Conclusions: The presented osteopathic model of the
development and prevention of work-related musculoskel-
etal disorders suggests that a combination of preventive
interventions will be more effective than any single pre-
ventive intervention.
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musculoskeletal disorders; work-related injury.

Thedirect and indirect costs ofwork-relatedmusculoskeletal
disorders are at least as great as the costs of cancer [1]. These
costs are reflected inour economy,with a substantial portion
being borne by employers, who must cover the expenses of
medical care, lost productivity, absenteeism, hiring, and
training [2]. However, the business sector does not cover all
the expense of work-related musculoskeletal disorders;
much of the cost is shifted to workers and their families,
non-workers’ compensation insurance carriers, and federal
and state governments [3]. To prevent and manage
work-related musculoskeletal injuries, we must first under-
stand how the injuries develop.

Workers experience work-related musculoskeletal
disorders categorized as overuse injuries and over-
exertion injuries [4]. Work-related overuse injuries,
otherwise known as repetitive strain injuries, encompass
a wide range of inflammatory and degenerative disorders
[5]. Examples include carpal tunnel syndrome, shoulder
impingement syndrome, lateral epicondylopathy, and
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tendinopathy of thewrist or hand [6]. These conditions are
usually attributed to repetitive, forceful, or awkward
movements [4, 7, 8]. Overexertion injuries occur when
excessive stress is placed onmuscles, ligaments, or tendons
during resisted movement [7]. Mechanisms of overexertion
include lifting, pushing, pulling, or carrying weights that
exceed a person’s capacity [7]. Workers also experience in-
juries related to slips, trips, falls, and blows. These injuries
are typically related to environmental or performance issues
and will not be discussed in this review.

This review presents a model for the pathogenesis of
work-related musculoskeletal disorders. The proposed
model considers the risk factors for occupational injuries
and the biophysical processes for the development of
pathology in the context of the five models of osteopathic
care (i.e., behavioral–biopsychosocial model, biome-
chanical–structural model, metabolic–energy model,
neurological model, respiratory–circulatory model) [9]
(Figure 1). The intended purpose of the model is to pro-
vide a structure for making evidence-based recommen-
dations for the prevention of work-related injury and
disability. For this context, the objective of primary pre-
vention is to limit the occurrence of work-related injury
and disability. Secondary prevention programs are
designed to prevent the progression of vague symptoms
to overt pathology. The goal of tertiary prevention is to
limit impairment and disability for workers with estab-
lished musculoskeletal pathology.

Methods

Google Scholar, PubMed,OVID, CochraneCentral Register of
Controlled Trials, PEDro, and OSTMED.DR were searched
from inception of each database to October 16, 2019. A hand
search of the reference lists of the articles meeting full-text
eligibility was also performed. The following search terms
were used: occupational injury, upper limb, neck and back
injury prevention, ergonomics, stretching, exercise, posture,
preplacement physical examinations, physical ability
testing, job rotation, back schools, lifting education, cogni-
tive behavioral training, and psychological interventions.

Eligible studies contained the following criteria: (1) the
population of working age; (2) exposures to known risk fac-
tors (biomechanical overload, repetitive tasks, fatigue,
posture at work, force, etc.), musculoskeletal disorders (pain,
discomfort, injury, absence from work, absenteeism), and
psychosocial factors (job satisfaction, stress, job control,
engagement); (3) written in English; (4) full text papers pub-
lished in peer-reviewed journals; and (5) systematic review,
cohort study, case–control study, and randomized controlled

trial (RCT) methodology. Studies were excluded if they
includedoutcomesofproductivityandcostsonlyor outcomes
that were assessed through qualitative methods only. Google
Scholar was also searched for supplementary nonclinical
studies and reviews related to the pathophysiology and
behavioral science aspects of musculoskeletal injury.

The author (J.P.) screened all titles and abstracts iden-
tified by the searches after duplicate studies were removed.
Full manuscripts of RCTs screened as potentially relevant
were assessed for quality using the National Institute for
Health and Care Excellence (NICE) methodology checklist
for cohort studies [10]. The NICE checklist evaluates the risk
of selection bias, performance bias, attrition bias, and
detection bias. To increase objectivity, each type of bias
was assigned a numerical value of 0–3 (0=low risk, 1=low-
moderate risk, 2=moderate-high risk, 3=high risk) bases on
the number of positively identified risk factors for each
category. The mean score was used to generate an overall
risk of bias score. Studies with an overall risk of bias score
of 2 or greater were eliminated from the review. Any
remaining studies deemed high risk for an individual cate-
gory of biaswere also excluded. A risk of bias tablewas used
to present these findings (Table 1).

To bring clarity to a complex topic, the information
gleaned from these articles was then categorized and
organized into the five models of osteopathic care. Each
model was split into pathophysiology and preventive
intervention subdivisions. This material was analyzed in a
level of evidence table (Table 2).

Results

Of the 1,074 citations identified through the literature
search, 1,010 were excluded through title and abstract
screening. Among the 64 full-text articles full-text articles
assessed, 23 did not meet inclusion criteria, and 11 did not
present their findings as numerical values with confidence
intervals or standard deviations. The remaining 30 studies
[11–40] were assessed using the NICE checklist, and four
were determined to have unacceptable risk of bias. The
remaining 26 studies were used in this review (Figure 2).
Table 1 presents the results of the NICE methodology
checklist review. Fourteen systematic reviews were also
found and used in this narrative review. Each review fol-
lowed the Cochrane review or Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines for systematic reviews.

The supplementary Google Scholar search resulted
in more than 20,000 citations. Full text appraisal of 27
systematic reviews, 38 narrative reviews, and 52

288 Price: Occupational musculoskeletal disorders



Figure 1: The osteopathic model for developing occupational musculoskeletal disorders is color-coded to indicate interdependent nature of
the five models of Osteopathic Care. This model is in a recursive loop where somatic dysfunction produces cellular and tissue injury,
worsening dysfunction, leading to more extensive injury. Workers enter the model through mechanisms that activate reflexes that increase
gamma-efferent firing rate or because of a predisposition for muscle imbalance. Muscle imbalance leads to abnormal shear stresses, which
ultimately injure cells and tissues. Fascial binding occurs, and circulation becomes impaired. Toxic metabolites build and stimulate noci-
ceptors, leading to further gamma-efferent dysfunction, tonic/phasic imbalance, and higher stresses between cells and fascial layers. The
cycle continues until functional impairment develops unless its interrupted by external intervention.
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Table : Risk of bias per National Institute of Health and Care Excellence methodology checklist for studies used for this review.

Study Selection
bias

Performance
bias

Attrition
bias

Detection
bias

Overall risk
of bias

Conclusions

Bruce-Low  []     . One lumbar extension training session per week
is sufficient for strength gains and reductions in
pain in low back pain (LBP).

Chaléat-Valayer  []     . Not possible to conclude about the effectiveness of
a light exercise program to reduce LBP recurrence
episodes.

Comper  []     . The job rotation program was not effective in
reducing the number of working hours lost due to
sick leave, decreasing the prevalence of
musculoskeletal symptoms, or improving
perception of musculoskeletal pain and workplace
risk factors, psychosocial risk factors, and
productivity.

Dahl & Nilsson  []     . Short-term work site cognitive behavioral therapy
(CBT) program for the prevention of chronic pain
for individuals at risk may be a promising
development in the treatment of pain.

Esmaeilzadeh  []     . Ergonomic intervention programs may be effective
in reducing ergonomic risk factors among
computer workers, and, consequently, in the
secondary prevention of upper extremity disorders.

Greene  []     . Participative training in workstation ergonomics
can improve work postures, work practices, risk
factor exposure, and pain.

Grooten  []     . Ergonomic intervention seemed to be ineffective
for reducing neck/shoulder pain, LBP, and
pain-related disability.

Harbin  []     . Post-offer physical capacity testing resulted in a
substantial and noticeable decrease in
shoulder-related non-accidental injuries.

Hill  []     . Stratified approach, by use of prognostic screening
with matched pathways, was associated with a
mean increase in generic health benefit and cost
savings compared with the control group.

Hill  []     . Modified STarT Back Tool similarly predicts
six-month physical health outcome in other
musculoskeletal pain regions as well as LBP.

Horneij  []     . Home-care nursing aides were randomly assigned
for: () individually designed physical training
program, () work-place stress management, ()
control group. Results revealed no significant
differences between the three groups.

Jakobsen  []     . Performing supervised group-based exercise at
work and motivational coaching sessions is more
effective than exercising alone at home.

Járomi  []     . The Spine Care for Nurses program significantly
reduced chronic nonspecific LBP syndrome and
increased the number of properly executed
horizontal and vertical patient lifting techniques in
nurses.

Jensen  []     . The study showed no effect of a transfer technique
or stress management program targeting LBP.

Jørgensen  []     . No reduction in musculoskeletal pain, work ability,
sickness, absence from either physical
coordination training, or cognitive behavioral
training compared with the reference group
was found.
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Table : (continued)

Study Selection
bias

Performance
bias

Attrition
bias

Detection
bias

Overall risk
of bias

Conclusions

Levanon  []      The proposed ergonomics interventions effectively
reduced musculoskeletal disorders and improved
body posture for computer users.

Linton  []     . Adding cognitive-behavioral intervention and
cognitive-behavioral intervention and preventive
physical therapy can enhance the prevention of
long-term disability.

Menzel  []      CBT reduced measures of back pain, stress, and
disability in direct care providers working with
back pain.

Moreira-Silva  []     . Physical exercise training three times a week
focusing on stretching exercises and general
strength reduced pain and related symptoms in
factory workers.

Rantonen  []     . No differences between multidisciplinary
rehabilitation, progressive exercise, and control
groups for decreased low back pain and physical
impairment or sickness absence.

Rantonen  []     . Among employees with mild LBP, both rehabilitation
and exercise reduced pain, but the effects on
sick-absences and physical impairment were minor.

Rasotto  []      A workplace exercise protocol reduced pain
symptoms on neck, shoulders, elbows, and wrists.
Grip strength and upper-limb mobility improved
as well.

Rasotto b []     . A workplace exercise protocol in female workers
at moderate risk for work-related MSK disorders,
showed reductions of upper limb and neck pain
and disability.

Rempel  []      Providing a large forearm support with ergonomic
training prevented upper body MSK disorders and
reduced upper body pain associated with
computer work.

Robertson  []     . Self-reported work-related MSK disorders
decreased for the group who had a workplace
change and ergonomic training relative to a
workplace change-only group and a no intervention
control group.

Shiri  []     . Pain intensity, pain interference with work, leisure
time, or sleep did not differ between the ergonomic
improvement and control groups during the
one-year follow-up. However, early ergonomic
intervention reduced sickness absence due to
upper-extremity or other MSK disorders.

Sjögren  []     . A physical exercise intervention, which included
daily light resistance training, conducted during
the working day affected low back symptoms in a
positive direction among symptomatic office workers.

Sundstrup  []     . Resistance training at the workplace results in
improvements in pain, disability, and muscle
strength in adults with upper limb chronic pain
doing highly repetitive and forceful manual work.

Tunwattanapong  []     . A regular stretching program performed for four
weeks can decrease neck and shoulder pain and
improve neck function and quality of life for office
workers who have chronic moderate-to-severe neck
or shoulder pain
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Table : (continued)

Study Selection
bias

Performance
bias

Attrition
bias

Detection
bias

Overall risk
of bias

Conclusions

Yassi  []      Combined training with assured availability of
mechanical and other assistive patient handling
equipment improved comfort with patient handling,
decreased staff fatigue, and decreased physical
demands. However, injury rates were not
significantly reduced.

Table : Level of evidence for preventive interventions having a positive effect on targeted vulnerabilities for work-relatedmusculoskeletal injury.

Model of osteopathic
care

Targeted vulnerabilities Intervention (level, s)a Highest level
of evidenceb

Biomechanical Demands exceed capacity Job-specific preplacement physical
examinations () []

A

Physical ability testing () [, ] A
Assign restriction (, , ) [] 

Job rotation (, ) [] A
Workplace strength training (, ) [, , , ,
, , ]

B

Biomechanical stress Ergonomic interventionsc (, ) [, , , ] B
Dysfunctional motion patterns Janda approach (, , ) [] 

Neurological Proprioceptive deficit Janda approach (, , ) [] 

Alpha–gamma imbalance Counterstrain (, , ) [] B
Tonic–phasic imbalance Janda approach (, , ) [] 

Strength training (, ) [, , , , , ] B
Stretching program (, ) [] A

Autonomic dysfunction Rib raising technique/paraspinal inhibition (, ,
) []

B

Cranial osteopathic manipulative medicine
(, , ) []

B

Balanced ligamentous tension (, , ) [] B
Metabolic–energy Poor diet Dietary Guidelines for Americans [] B

Nutritional supplements for susceptible groups
[–]

A

Fatigability Physical ability testing () [] A
Assign limitations (, , ) [] 

Comorbidities Health insurance coverage 

Smoking Multi-component intervention [] A
Respiratory–circulatory Stasis of toxic metabolites Myofascial release (, ) [] 

Lymphatic pump (, ) [] 

Fascial binding Myofascial release (, ) [] A
Local hypoxia Myofascial release (, ) [] 

Rib raising technique/paraspinal inhibition (, ,
) []

B

Counterstrain (, , ) [] B
Behavioral–biopsychosocial Mental health disorders Cognitive behavioral therapy (, , ) [] A

Employee assistance program (, ) 

Cognitive distortions Cognitive behavioral therapy (, , )
[, , ]

A

STarT-Back/MSK () [, ] B
Neurophysiology of pain education (, ) [] B

Low supervisor support Supervisor training 

Complex workers’
compensation system

Workers’ compensation liaison 

a
=primary prevention; =secondary prevention; =tertiary prevention. bOxford University Centre for Evidence Based Medicine. cEvidence for
office work/computer workstations/sedentary duty only.
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nonclinical studies was completed. From these references,
three systematic reviews, 13 narrative reviews, and 15
nonclinical studies were used in this review.

Biomechanical–structural model

Pathophysiology

The biomechanical–structural model views health from the
perspective of the musculoskeletal system and its inter-
connected groups of bones, muscles, ligaments, tendons,
and fascia.Disturbancesof themusculoskeletal systemresult
in spinal reflex disturbances and subsequent dysfunction of
somatic and visceral structures which lead to morbidity [41].

Poor ergonomic design of the work environment leads
to awkward movements and postures that place biome-
chanical stresses on joints, muscles, and tendons. Injury
occurs when demands are placed upon tissues that are
greater than the tissue’s structural or physiological ca-
pacity to meet the demands. The incidence of occupational
injuries is related to physically demanding factors,
including substantial physical exertion, lifting or carrying
more than 10 lbs, using stairs and inclines, kneeling or
crouching, and reaching [4]. These risk factors reflect

ergonomic stresses resulting from prolonged or awkward
postures, repetition without adequate recovery time, or the
requirement to lift or move excessive loads. Some ergo-
nomic stressors bring soft tissues into proximity of bone,
leading to friction and inflammation, and others place
undue strain on muscles and connective tissues [5, 7].
Baseline postural abnormalities and dysfunctional move-
ment patterns likely predispose the worker to these effects.

When muscles are used in unsuitable ergonomic en-
vironments, additional motor units must be activated to
maintain strength,which beginswithin the firstminute of a
contraction, particularly with a fatiguing effort [42]. Tonic
muscles are more susceptible to motor unit recruitment
than phasic muscles [42]. Abnormal shear stress develops
between newly recruited motor-units and adjacent motor-
units. Eventually, shear transmission leads to myocyte
damage as themuscle continuesworking despite fatigue or
somatic dysfunction [5]. This process impairs movement
patterns and joint mechanics.

Dysfunctional movement patterns and altered joint
mechanics increase the physical strain exerted on tendons
and often place tendons against the abrading surface of
adjacent bone [7]. Tendon straining results in fiber defor-
mation [43]. The collagen fibers become more parallel as
strain increases, slide adjacent to one another, and

Figure 2: An overview of the identification, screening, eligibility, and inclusion process for this literature review.
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generate shear forces [43]. The tendonwill recoil back to its
original conformation when unloaded if the strain stays
below 4%; strains of 4–8% result in microscopic failure,
and strains of 8–10% result in macroscopic failure [43].

Microtrauma within tendons may also result from
nonuniform stresses produced by changing motor unit
activation patterns. Nonuniform stress creates regions of
excessive loading in the substance of the tendon and
excessive shear forces between adjacent fibrils. Accrued
microinjuries result in steady deterioration in the quality of
the tendon matrix [44]. Transformation of the tendonmatrix
fromorganized type I collagen fibrils to randomly organized,
small diameter fibrils containing type I and type II collagen
follows; these changes bring about tendinopathy [44]. Some
workers have medical comorbidities, such as Ehlers–Danlos
syndrome, diabetes, and rheumatoid arthritis, that make
their tendons more vulnerable to this process [45].

Dysfunctional joint mechanics also increase the load
exerted on some ligaments, and with the application of a
constant load, fascia and ligaments lengthen, or creep,
because of disrupted crosslinks within the collagen fiber
matrix of fascia and ligaments [6, 41]. There is less capacity
for creep to occur without significant damage in ligaments
relative to other myofascial structure because of the rela-
tive rigidity necessary for ligamentous function. Therefore,
ligamentous creep is associated with declining ligamen-
tous tension, subsequent joint laxity, reduced stability,
corrupted afferent signals, and increased injury risk. High
frequency repetitive motion tasks produce a significant
degree of creep requiring extended recovery periods. There
is a risk of creep accumulating from one day to the next if
recovery is incomplete, which leaves the worker predis-
posed to injury [6]. Workers with benign joint hypermo-
bility syndrome, Marfan syndrome, and Ehlers–Danlos
syndrome are especially vulnerable to this effect [7].

Interventions

To mitigate these processes, one must attempt to achieve
the best possible interface between the worker and the
work environment. Preplacement physical examinations
are a primary prevention interventionmeant to determine a
new hire’s capacity to meet the demands of the job and to
identify any disorders or medications that may place the
employee at risk for injury [46]. Studies investigating pre-
placement examinations have been too heterogeneous for
statistical pooling of results, and the quality of the evi-
dence for all outcomes is very low [46]. However, a
Cochrane review supports the use of job‐specific pre-
placement examinations [47].

Another primary prevention intervention is a workplace
ergonomic program. Many employers use systematic ergo-
nomic improvement processes to remove risk factors that
could lead to musculoskeletal injuries with the goal of
improving employee performance and productivity. How-
ever, except for office environments and computer work-
stations, evidence supporting the effectiveness of ergonomic
interventions is inconclusive [15, 16, 26, 34, 48]. Ergonomic
assessments are best used in conjunction with job-matching
processes.

Education programs attempt to mitigate the risk of
work-related back injuries by increasing the participant’s
knowledge, thereby altering the individual’s behaviors to
mitigate biomechanical risk. These programs typically cover
anatomy, biomechanics, lifting, postural changes, and
home exercises [48]. However, a systematic review [48] and
metaanalysis [49] presented strong and consistent evidence
that education alone does not seem to prevent back pain
and comprehensive “back schools” are not effective in
preventing neck and back pain.

Job-rotation programs are often recommended as a
primary and secondary prevention measure to mitigate
continuous exposure to risk factors for musculoskeletal
disorders. In terms of risk control, job rotation is defined
as a strategy for rotating workers between tasks with
different physical demands to avoid overloading specific
body parts [50]. Currently, only weak evidence supports
job rotation as a strategy for the prevention and control of
musculoskeletal disorders, and although it does not
appear to reduce the exposure of physical risk factors,
there are positive correlations between job rotation and
higher job satisfaction [13, 50].

Strength training is gaining acceptance as a primary
and secondary prevention intervention [22, 29, 32, 33, 37]. It
appears that implementation of strength training at the
workplace not only prevents deterioration of work ability
among manual workers with chronic pain, but also bolsters
mental resources and improves perceptions of work de-
mands [38]. A 2016 systematic review [51] found strong evi-
dence for using resistance training for the prevention ofwork
related upper extremity injuries resulting from sedentary
work. Physical therapists could work with supervisors to
develop strength training programs that harden workers to
their duties and maintain balance between tonic and phasic
musculature.

Shoe inserts and lumbar supports have been used to
align and support the musculoskeletal system to decrease
demands placed upon tissues with the hope of preventing
musculoskeletal pain and injuries. However, evidence
from systematic reviews [49, 52] suggests that shoe insoles
do not prevent low back pain. There is moderate evidence
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that lumbar supports are no more effective than no inter-
vention or lifting training in preventing low back pain.
There is conflicting evidence for lumbar supports being
effective supplements to other preventive interventions
[53]. Furthermore, National Institute of Occupational
Safety and Health has asserted that there is insufficient
evidence to support the use of lumbar supports as a pri-
mary prevention measure [54]. These findings are not un-
expected as they do nothing to improve muscle strength,
muscle endurance, or joint mechanics.

Osteopathicmanipulative treatment (OMT)maybeused
for primary prevention by optimizing workers’ musculo-
skeletal system, secondary injury prevention as part of an
early symptom intervention program, or tertiary prevention
as a component of a comprehensive injury management
program [41]. According to this model, the goals of the OMT
techniques are to restore balanced posture and efficient
function of musculoskeletal components. These goals may
be accomplished using high-velocity, low-amplitude, mus-
cle energy, counterstrain, myofascial release, ligamentous
articular techniques, and functional techniques [41].

Any identified muscle imbalance syndromes should
be managed to maintain functional homeostasis. The
Janda approach to treatment ofmuscle imbalance follows a
three-step process: (1) normalization of the peripheral
structures using the techniques noted above, (2) restora-
tion of balance between the tonic and phasic muscle sys-
tems, and (3) balance and coordination training [7].

Neurological model

Pathophysiology

The neurologic model considers how autonomic equilib-
rium, neural reflex activity, segment facilitation, afferent
nerve signals, and nociception contribute to injury and
disease. With the neurological model, the physician con-
siders the function of the patient’s central and peripheral
nervous system, including both the somatic and autonomic
components [9]. The implications of this model are partic-
ularly significant for workers with preexisting proprioceptive
deficits, peripheral sensitization, central sensitization,
autonomic dysfunction, or fibromyalgia.

Musculoskeletal disorders occur when the demands of
work exceed the strength or endurance of the worker. The
disparity between demands and capacity produce abnormal
tissue stresses, early fatigue, and muscular imbalances [7].
Consequently, one of the body’s inherent reflexes will
eventually activate as a protective response known as the
myotatic reflex, the inverse myotatic reflex, the withdrawal

reflex, and the ligamento-muscular reflex [55]. The reflexes
send information to the spinal cord where the signal is pro-
cessed, and a response is generated. Except for the inverse
myotatic reflex, the descending systems respond by facili-
tating both alpha- andgamma-efferent neurons toprovoke a
protective action [55]. Coactivation of alpha- and gamma-
efferents helps to maximize the protective response by
contracting the muscle and increasing its sensitivity to
stretch [55]. These reflexes are normally fleeting; however,
when they persist, they produce somatic dysfunction. So-
matic dysfunction is impaired or altered function of skeletal,
arthrodial, andmyofascial structures, alongwith associated
vascular, lymphatic, and neural elements. Somatic dys-
functions produce tissues texture changes, positional
asymmetry, motion restriction, and tenderness, which are
amendable to OMT [41].

There is normally a balance between reflex habituation
and sensitizationwith repetitive stimulation; however, this
balance is disrupted when inflammation is present. The
normal dampening effects of habituation shift toward
sensitization, which is a state of subthreshold excitation
that requires less afferent stimulation to trigger a reflex
response [55]. Sensitization is also known as spinal facili-
tation, and long-term sensitization begins if sensitization
continues for several minutes. If the stimulus endures, spi-
nal fixation will begin to develop. Nociceptive input for as
little as 20–45 minutes may produce increased reflex
sensitivity for three or more weeks [55]. Peripheral inflam-
mation causes some spinal cord microglial cells to begin
expressing proinflammatory cytokines including inter-
leukin-1β and tumor necrosis factor-α, which facilitate
excitatory pain circuits and impede inhibitory pain circuits
[56]. This process produces hyperalgesia and allodynia.
Referred pain and hyperalgesia may ultimately cross
multiple spinal segments as the cytokines diffuse to
neighboring spinal levels [57]. Once fixation is well
established, interneurons die by a process that primarily
affects the inhibitory interneurons, often replacing them
with excitatory interneurons. These spinal reflex pathways
may be left in state of permanent excitability, responding
to all input in an exaggerated fashion, which increases
the neuron drive to the associated somatic and visceral
structures [55].

Not all muscles react in the same manner—tonic and
phasic muscles work synergistically. Tonic muscles are the
prime movers or agonists and are prone to hypertonicity
and shortening [7]. Phasic muscles are the synergists that
work with the agonist to produce movement or stabiliza-
tion around a joint, and they may be secondary movers,
stabilizers, or neutralizers [7]. The synergistic interactions
of tonic and phasic muscles assure balanced movement
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patterns. Phasicmuscles have a propensity for lengthening
and becoming hypotonic. Due to high-frequency firing of
gamma-efferent neurons, the small alpha-motoneurons of
tonic muscles respond to stretch by discharging for much
longer duration relative to the large alpha-motoneurons
innervating phasicmuscles [58]. This action suggests that a
tonic muscle will respond more readily to stretch and
become more hypertonic than its phasic synergist.

The relationship between muscle length and spindle
firing rate is used by the central nervous system to gauge
position [59], which requires the spindle fibers to remain
passive with no fusimotor activity [60]. With somatic
dysfunction, the fusimotor system is activated [55]. This
activation impairs position sense, alters movement patterns
and affects biomechanics [61–64]. The impaired joint me-
chanics stress the area of the tendon commonly affected by
tendinopathy [8].

The musculoskeletal system receives sympathetic
innervation and receives no parasympathetic innervation.
Muscle hypertonicity and nociception activate afferents and
stimulate the sympathetic nervous system. This affects
functional changes of the associated vascular structures and
results in vasoconstriction with decreased oxygen and
nutrient delivery, and subsequent tissue texture changes [55].

Interventions

Preshift stretching sessions are commonly used in work-
places for primary prevention of injuries by lengthening
hypertonic muscle and reducing resting tone [39, 48, 65].
However, stretching may produce creep and tendon
deformation, and reduce muscle force generation [43]. A
previous systematic review [65] provided mixed findings
but demonstrated some limited beneficial effect of
stretching in preventing work-related musculoskeletal
disorders for occupations not requiring heavy exertion.
Therefore, stretching programs should be limited to oc-
cupations that are sedentary, such as office work and data
entry [39]. This may be related to which muscles are being
stretched relative to which muscles are being over- or
underutilized. When phasic muscles are stretched, they
lengthen and become more hypotonic, which results in
further muscle imbalance, performance declination, and
greater risk of injury [7]. However, tonic muscles become
less hypertonic when stretched, restoring muscle balance
[7].

OMT is directed at restoring normal muscle function
and jointmobility to reduce the level of afferent input to the
spinal cord and brain [66], and it is also used to restore
autonomic balance [55]. The OMT techniques used for this
domain of worker health include counterstrain, cranial

osteopathic manipulative medicine, paraspinal inhibition,
rib raising, and progressive inhibition of neurological
structures [41].

Balanced ligamentous tension, balanced membranous
tension, and craniosacral techniques can influence auto-
nomicnervous systemactivityby increasingparasympathetic
function anddecreasing sympathetic activity, comparedwith
sham therapy and control group [67]. The compression of the
fourth ventricle (CV-4) techniquehasbeen shown to lower the
tone of the sympathetic nervous system and enhance fluid
exchange [68]. Rib raising is believed to temper sympa-
thetic nervous system activity by activating the thoracic
sympathetic chain ganglia adjacent to the costotransverse
articulation [69], while counterstain has been shown to
decrease the amplitude of the stretch reflex [70].

Metabolic–energy (nutritional) model

Pathophysiology

In industry, effective injury reduction programs should
go beyond traditional methods of job-related ergonomic
risk factors and address factors that appear to decrease ca-
pacity, including smoking, nutrition, and body weight.
The metabolic–energy (nutritional) model addresses the
need for homeostatic balance between the body’s energy
reserves and the energy demands [9]. The goal of
the metabolic–energy (nutritional) model is to opti-
mize self-regulatory and self-healing mechanisms by
promoting balanced energy expenditure and exchange,
which augments cellular, tissue, and organ functions [9].
This is achieved through nutritional counseling, diet, and
exercise advice [9, 41]. According to this model, any factor
(e.g., advanced age, poor nutrition, smoking, and obesity)
that limits a person’s physiologic reserves will increase
their risk of injury, delayed recovery, impairment, and
disability [9]. Certain medications such as anticholiner-
gics, alpha-agonists, and anticonvulsants decrease one’s
physiologic reserve by impairing fatigue resistance and
coordination [71]. Preexisting physical deconditioning,
muscular imbalance, physical impairment, pain, and
medical comorbidities are also known to lower physio-
logic resources and leave workers susceptible to the effects
of fatigue [72–75].

Muscle fatigue leaves workers vulnerable to overuse
and overexertion injury, as well as slips, trips, and falls
[72–75]. Reducedoxygenavailability lessens the recruitment
of fatigue-resistant type I (slow-twitch) muscle fibers.
Consequently, more type II (fast-twitch) muscle fibers need
to be activated under hypoxemic conditions to maintain a
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constantworkload. Type IImuscle fibers are associatedwith
an increased rate of metabolite accumulation and fatigue
development compared with type I muscle fibers [76, 77].

Phasic muscles have a greater proportion of type II
fibers, which are high in glycolytic enzymes and myosin
ATPase activity and depend on anaerobic metabolism [78].
Consequently, these muscles fatigue rapidly and respond
to irritation by weakening; this weakening is a significant
problem that produces muscular imbalance associated
with abnormal joint mechanics and early fatigue [78].
Preexisting muscle imbalances increase a worker’s sus-
ceptibility to this effect. Phasic muscles must work harder
to compensate for dysfunctional tonic muscle to maintain
proper movement patterns [79]. As the phasic muscles fa-
tigue, ability to compensate is lost and injury ensues.

Calcium accumulates with sustained muscle use and
degrades cell membrane proteins by activation of protease
calpain, which leads to calcium influx, leakage of lactate
dehydrogenase, and cell death [5, 80]. Dead and damaged
cells release endogenousproteins calleddamage-associated
molecular patterns, which bind to the nucleotide binding
domain and leucine-rich-repeat-containing receptorswithin
monocytes, macrophages, and dendritic cells [81]. This
process activates proinflammatory pathways that produce
inflammatory mediators, and bradykinin, prostaglandin
E2, and serotonin are liberated and sensitize group IV
nociceptors [82, 83]. Nociceptor stimulation disrupts alpha-
and gamma-efferent homeostasis further.

These inflammatory mediators act upon the vasculature
and result in vasodilation and increased vascular perme-
ability [84]. Excessive accumulation of interstitial fluid is
deleterious to tissue function [84]. The formation of edema
increases the diffusion distance of oxygen andnutrients, and
it also limits the diffusion and clearance of toxic byproducts
of cellular metabolism [84]. This leads to poor nutritional
support and waste clearance for the innermost cells of the
involved capillary bed, and the vitality of these cells rapidly
declines [84]. This effect is accelerated by poor baseline
nutritional status, and plasma proteins accumulate in
the area and trigger chronic inflammation, fibrosis, and
dysfunction if they remain stagnant [85]. Pain develops
as prostaglandins and nitrogenous waste builds up. Group
III and group IV nociceptors are stimulated, and gamma-
efferent firing rate is increased [83]. Functional impairment
anddisabilitymay result if the cycle of dysfunction continues
uninterrupted.

Interventions

There are many significant cofactors for workplace injuries
that cannot be accounted by through ergonomic factors or

employee characteristics such as aging, medical history,
and physical impairments. Preplacement physical ability
testing (PAT) was first implemented duringWorldWar II to
meet this shortfall [86]. These tests are intended tomeasure
a new hire’s physical capacity and fatigue resistance.
Occupational injuries decrease significantly when the re-
sults of a well-designed PAT are compared with the job re-
quirements to identify limitations and to assign restrictions
for the purpose of job matching [18]. A meta-analysis [87]
of the three predictive validation studies of pre- and
post-implementation of a physical ability test battery were
performed at 175 locations in different industries including
food distribution, soft drink distribution, and retail distri-
bution. These studies covered a total of more than 21 million
worker-hours pre- and post-implementation. The findings
indicated that newly hired employees who passed a battery
of strengthandendurance tests basedonergonomicanalysis
had a 47% lower relative worker compensation injury rate
(α<0.001) and 21% higher relative retention (α<0.05) [87].

More energy is required to work with an injury, and it is
diverted away from healing to meet the demands of
continued activity [9]. Work restrictions based on knowl-
edge of the workers’ duties are an important component of
secondary and tertiarypreventionprograms forwork-related
injuries and the maintenance of energy homeostasis. Risk,
capacity, and tolerance must be considered to return a pa-
tient to work after injury [88]. Risk is the chance of incurred
harm to the patient or public if specific work tasks are un-
dertaken, and it is the reason for physician-imposed re-
strictions concerning what the injured worker should not do
[88]. Capacity refers to measurable limits of strength, flexi-
bility, and endurance; if needed, objective measurement of
strength, flexibility, and endurance can be gathered with a
functional capacity evaluation. A capacity deficit is a reason
for physician-described limitations for the injured worker
[88]. Tolerance is a psychological concept and not quantifi-
able; it describes what the employee is willing to do. Brief
physician-imposed restrictionsmay be appropriate for acute
injuries. However, long-term physician directed restrictions
or limitations may lead to iatrogenic disability [88].

Nutritious foods supply the building blocks needed to
recover from an injury. The 2015–2020 Dietary Guidelines
for Americans [89] advise following a healthy eating
pattern across one’s life span. These guidelines can help
workers understand how they should eat to maximize the
recovery process and focuses on eating a variety of foods,
while limiting calories from added sugars and saturated
fats and reducing sodium intake [89]. A healthy eating
pattern includes a variety of vegetables from all the sub-
groups, including those that are dark green, red, or orange;
legumes; and starchy tubers. Whole fruits and grains, fat-
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free or low-fat dairy (including milk, yogurt, cheese) and
fortified soy beverages are recommended. The recom-
mended protein sources are seafood, lean meats and
poultry, eggs, legumes, nuts, seeds, and soy products. A
healthy eating pattern limits saturated fats and trans fats,
added sugars, and sodium.

The triage theory suggests that modest micronutrient
deficiencies induce reallocation of nutrients to processes
necessary for immediate survival at the expense of long-
term health. Certain groups, such as patients who are
obese, are susceptible to nutrient deficiencies that may
impair healing and delay recovery and increase the risk of
developing chronic medical conditions. Most vitamins are
deficient in patients who are obese, particularly the fat-
soluble vitamins, folic acid, vitamin B12, and vitamin C
[90]. Gastric bypass surgery often leads to the malabsorp-
tion of nutrients and subsequent nutritional deficiencies.
The most common deficiencies are vitamin B12, folate,
zinc, iron, copper, calcium, and vitamin D [91]. Vegan diets
are growing in popularity for many reasons. However,
people following a vegan diet are at risk for deficiencies in
vitamin B12, iron, calcium, vitamin D, omega-3 fatty acids,
and protein [92]. Patients in these categories should have
their micronutrient levels monitored annually and sup-
plementation provided if indicated.

From 2014 to 2016, 15.5%ofworking adults in theUnited
Stateswere current tobacco smokers [93]. Smoking cessation
interventions should be included in each level of injury
prevention. Smoking appears to lower the threshold of fa-
tigue, while reducing maximal aerobic capacity [94].
Furthermore, smoking reduces parasympathetic nerve ac-
tivity and activates sympathetic cardiac control [94]. There is
also evidence of adverse effects on intervertebral discs,
muscles, tendons, cartilage, and ligaments [95]. Clinical and
experimental studies have revealed that smoking-induced
skeletal muscle damage is due to impaired muscle meta-
bolism, increased inflammation and oxidative stress, over-
expression of atrophy related genesandactivation of various
intracellular signaling pathways. Besides a reduction of
the muscle mass and strength, smoking is also associated
with a higher risk of muscle pain. There is a positive rela-
tionship between the daily mean number of cigarettes, the
total number of cigarettes smoked in life, and the severity
of rotator cuff tears. Smoking is also a strong risk factor
for distal biceps tendon rupture; smokers have a 7.5 times
greater risk of distal biceps tendon rupture compared with
nonsmokers [96]. Occupational medicine physicians are
encouraged to screen all injured workers for tobacco use,
offer smoking cessation counseling, and provide pharma-
cotherapy when appropriate [97].

Respiratory–circulatory model

Pathophysiology

The respiratory–circulatory model considers the role played
by the circulation of blood and lymph through the body to
maintain extracellular and intracellular environments by
delivering oxygen and nutrition, while removing metabolic
waste [9, 41]. Cardiac disease, respiratory disease, peripheral
vascular disease, venous insufficiency, andmusculoskeletal
dysfunction interfere with the respiratory–circulatory func-
tion, thereby increasing the potential for developing disease
and delaying recovery from injury.

Cells need a relatively constant and favorable environ-
ment to produce the energy needed for normal function.
Circulation is the cell’s connection to the rest of the body,
delivering the required nutrients and removing metabolic
waste products. Intramuscular pressures near activated
motor units often exceed systemic blood pressure com-
pressing small blood vessels, producing local hypoxia. Upon
reperfusion, free radicals damage the skeletal muscle
membrane and impair sarcoplasmic reticulum ion pump
function [5]. Blood vessels also constrict in response to
the increase in sympathetic tone, which aggravates local
hypoxia. Exaggerated sympathetic outflow is harmful if it
remains unchecked, and prolonged vasoconstriction leads
to tissue ischemia and pain, further increasing the sympa-
thetic tone and impairing recovery [55].

The extracellular matrix is an acellular three-dimensional
macromolecular network composed of collagens, pro-
teoglycans, glycosaminoglycans, elastin, fibronectin,
laminins, and several other glycoproteins. This matrix
organizes cells and provides them with environmental sig-
nals that direct site-specific cellular regulation [85]. Local
inflammation leads to the formation of reactive oxygen and
nitrogen species, and the release of hydrolytic enzymes.
These substances destroy extracellular matrix proteins. This
alters the compliance characteristics of extracellular matrix
gel state such that interstitial pressure fails to increase as
edema forms. Excessive accumulation of interstitial fluid is
deleterious to tissue function as the diffusion and clearance
of toxic byproducts of cellular metabolism is impeded [84].
The vitality of neighboring cells decline as they fail to get
nutrition and waste accumulates; pain will be apparent
as prostaglandins and nitrogenous waste builds up and
local hypoxia develops [84].

Edema also creates undue fascial stress that causes the
extracellular matrix to exert force upon fibroblasts [98].
Mechanotransduction induces changeswithin thefibroblast
nucleus, altering gene expression [98]. Some fibroblasts
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differentiate into myofibroblasts, which have contractile
properties and produce prestress within the fascia and
fascial binding ensues [98]. Fascial binding disrupts the
fluid channels of the interstitial space. Anchoring filaments,
which attach to lymphatic endothelial cells to facilitate
lymphatic filling, lose their mechanical integrity and more
fluid accumulates [84]. If fascial distortions persist, fibrotic
changes occur, and chronic motion restriction develops.

Interventions

Management is aimed at restoring normal mechanics of
the thoracic spine and rib cage and improving movement
of the transverse diaphragms. The OMT techniques used
in this model are osteopathic cranial manipulative medi-
cine, ligamentous articular strain, myofascial release, and
lymphatic pump techniques [41]. Counterstrainmay improve
local circulation and result in improveddelivery of nutrients,
increased removal of metabolic waste, and reduced swelling
[99]. These techniques are usually performed after treating
any somatic dysfunctions of the spinal transition zones.
Transition zones are areas susceptible to somatic
dysfunction and biomechanical stress which lead to
fascial binding and impaired diaphragmatic function.
Dysfunction in these regions will result in alterations of
the pressure gradients between the zones, adversely
affecting the respiratory pumping mechanism, and the
venous and lymphatic circulation [100].

Brief stretching of the fascia decreases transforming
growth factor-β1 mediated fibrinogenesis and is a likely
mechanismof action formyofascial release technique [101]. A
systematic reviewbyAjimsha et al. [102] assessed the quality,
results, and limitations of 19 RCTs. Myofascial release was
demonstrated to be equal to or more effective than sham,
conventional, and no treatment for various musculoskel
etal and painful conditions. The authors concluded that
myofascial release may be useful as either a sole therapy or
as an adjunct therapy for a variety of musculoskeletal con-
ditions, such as subacute lowbackpain,fibromyalgia, lateral
epicondylitis, and plantar fasciitis [102].

Behavioral–psychosocial model

Pathophysiology

The goal of the behavioral–psychosocial model is to
improve the psychological and social elements of overall
health [41]. This model recognizes that patient outcomes
are strongly influenced by the patient’s perception of the

environmental and psychological context of the primary
complaint.

The psychological risk factors for injury and disability
include dysfunctional aspects of thoughts, feelings, and be-
haviors that are barriers to achieving homeostasis. Social risk
factors are exogenous stressors, such as lack of job control,
low supervisor support, and complexity of the workers’
compensation system. These stressors are barriers to recov-
ery for individuals that rely on passive coping strategies.
Passive coping strategies, such as avoidance, suppression,
rumination, and habitual motivation are associated with
dysfunctional health behaviors and impaired recovery from
injury [103, 104]. For example, passive coping strategies my
lead to nonadherence to ergonomic measures, failing to ex-
ercise, continuing to smoking, and failing to follow dietary
recommendations.

Fear-avoidance beliefs and behaviors, catastrophizing,
distress, and pain behaviors appear to be closely associated
development of disability. Catastrophization, anxiety, and
negative emotions facilitate excitatory descending pain
pathways and inhibit inhibitory descending pain pathways
[105]. Psychological factors, especially distress, depressive
mood, and somatization, increase one’s vulnerability for
transition from acute to chronic low back pain [106]. The
development of serious disability due to low back pain in a
cohort of subjectswith both structural and psychosocial risk
factors was strongly predicted by baseline psychosocial
variables, whereas structural variables on both MRI and
discography testing at baseline had only weak association
with back pain episodes and no association with disability
or future medical care [107].

Central nervous systemdevelopment and brain function
later in life are adversely affected by exposure to adverse
childhood experiences in a dose dependentmanner, leaving
those exposed with dysfunctional coping mechanisms
and susceptibility to central sensitization [108]. Personality
disorders are often the ultimate expression of these experi-
ences; they complicate physician-patient interactions and
employee-supervisor interactions. Borderline personality
disorder is the most common personality disorder and is
equally prevalent in men and women. People with border-
line personality disorder use medical care more often than
the general population. The causes are not yet clear, but
genetic factors and adverse life events seem to interact
to lead to the disorder. Borderline personality disorder is
characterized by a pervasive pattern of instability of inter-
personal relationships, poor self-image, and marked
impulsivity beginning by early adulthood and present in a
variety of contexts [109]. These workers are ill-equipped
to handle stress and conflict. Proper modulation of the
autonomic nervous system is vital to a functional stress
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response. The key component of this system appears to be
the vagus nerve [110]. The Polyvagal Theory proposes that
the evolution of the mammalian autonomic nervous system
provides the neurophysiological substrates for adaptive
behavioral strategies [111]. Evidence suggests that dysfunc-
tion of the parasympathetic component of the autonomic
nervous system is a possible neurophysiological determi-
nant of borderline personality disorder [108]. The exagger-
ated vagal withdrawal promotes mobilization behaviors
which compromise social engagement. This leaves one
prone to impulsiveness, hyperreactivity and emotional dys-
regulation, and each are a barrier to recovery from injuries.

Interventions

The assistance of a Workers’ Compensation liaison can help
a patient navigate the complexities of the workers’
compensation system and facilitate approval for treatment
modalities, imaging studies, and specialty referrals. This
mitigates external stress and allows the worker to concen-
trate on recovering.

Periodic screening for depression, anxiety, and sub-
stance use disorders may be offered as a component of the
company’s wellness program. A systematic metaanalysis
[112] examined the effectiveness of workplace mental health
interventions aimed at facilitating the recovery of employees
diagnosed with depression or anxiety and found moderate
evidence for two primary prevention interventions including
enhancing employee control and promoting physical activ-
ity. Stronger evidence was found for cognitive behavioral
therapy-based stress management. Little evidence was
found for other secondary prevention interventions, such as
counselling. Tertiary interventions with a specific focus on
work, including exposure therapy and cognitive behavioral
therapy (CBT)-based and problem-focused return-to-work
programs, showed strong evidence for improving symptoms
and a moderate evidence base for improving occupational
outcomes [112].

Adding cognitive-behavioral interventions appears to
lead to fewer health care visits, less work absenteeism, and
less long-term disability for patients with work-related pain
[14, 27, 28]. Cognitive behavioral training (CBTr) is rooted in
cognitive behavioral theory, but it is not therapy. It is a
didactic curriculum broken up into a series of progressive,
purposefully ordered sessions, each one with a specific
focus [14]. CBTr unfolds sequentially, guiding the partici-
pant through the process of retraining the brain and dis-
solving the emotionally dependent thinking, and it is meant
to mitigate kinesiophobia and catastrophization, and foster
problem-solving [14]. Success with CBTr is largely depen-
dent on the active, cooperative participation of the worker.

The forebrain can influence the origin of the descending
pathway located in brainstem nuclei via a mechanism
termed cognitive emotional sensitization. Patients who are
misinformed about pain will often consider their pain as
threatening and demonstrate cognitive distortions such as
catastrophic thinking and rumination. These patients tend
to not comply with active treatments. A 2011 Institute of
Medicine report on pain [113] recommended providing pa-
tients with pain education focusing on self-management
and biological and psychological factors early in the pa-
tient’s course to prevent pain from becoming chronic. Pain
physiology education helps to amend pain perceptions
including catastrophizing and fear avoidance. Providing
written pain education materials alone has not been shown
to alter perceptions [114]. However, improvement was noted
when the samewrittenmaterial is providedwith two face-to-
face educational sessions. Pain physiology education is
indicated when the clinical picture is characterized by cen-
tral sensitization and whenmaladaptive illness perceptions
are present [114].

The use of a clinical decision tool, such as the Sub-
groups for Targeted Treatment-Musculoskeletal (STarT
MSK) questionnaire to identify misconceptions regarding
pain, fear avoidance, or catastrophizing may be advanta-
geous [20]. The STarT MSK questionnaire assigns the patient
to one of three stratified risk categories based on STarT MSK
results. This stratified management approach improved care
use and disability measures at 4- and 12-month follow-ups;
measures of physical and emotional functioning, pain in-
tensity, quality of life, days off work, and treatment satis-
faction have been shown to be higher than those of the
nonstratified current best practice control group [19, 20]. Low
risk patients identified by the STarT-MSK tool should receive
conservative careasdeterminedbycurrent clinical guidelines
and OMT protocols for the given diagnoses. Moderate risk
patients should receive guideline-directed care along with
referral to physical therapy. High risk patients should receive
care per guideline recommendations and are referred for
psychologically augmented physical therapy if available.
Limiting OMT techniques to gentle modalities such as Jones
strain-counterstrain and myofascial release is recommended
for this group. A referral for CBT can be considered to address
any cognitive distortions if psychologically augmented
physical therapy is not available.

The endocannabinoid system plays a functional role in
nociception and each of the brain structures important for
processing anxiety, fear, and stress [115]. Stress induces
altered expression of two endocannabinoid molecules,
anandamide (AEA), and 2-arachidonoyl glycerol (2-AG).
Stress exposure reduces AEA levels and increases 2-AG
levels. The decline of AEA levels contributes to the
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manifestations of the stress response and anxiety behavior,
including activation of the hypothalamic–pituitary–adrenal
axis [115]. Evidence suggests that OMTmay ameliorate these
effects by increasing levels of AEA [116, 117].

Furthermore, suboccipital decompression appears to
decrease stress by increasing vagal tone. Rib raising de-
creases sympathetic tone by releasing the costotransverse
articulations found underneath the sympathetic chain
ganglion arising from T1 to L2 [118]. A single cranial OMT
session appeared to restore sympathovagal balance after
an acute mental stressor by dampening parasympathetic
withdrawal and sympathetic tone [119].

Discussion

Silverstein andClark [120] performed a systematic reviewof
RCTs, 17 quasi-experimental studies, and 36 case studies of
interventions aimed at reducing work-related musculo-
skeletal disorders. With the exception of exercise, indi-
vidual interventions were not particularly effective. They
concluded that combinations of measures have the great-
est effect in reducing work-related musculoskeletal disor-
ders relative to single interventions [120].

The current review has taken a novel approach by
examining the development and prevention of work-
related musculoskeletal injuries within the context of the
five models of osteopathic care. The presented osteopathic
model of the development and prevention of work-related
musculoskeletal disorders coincides with Silverstein and
Clark’s review [116] in that a combination of preventive
interventions will be more effective than any single pre-
ventive intervention. This approach has the added benefit
of furnishing a holistic arrangement to the presented
findings. Table 2 summarizes the findings of the current
review, presenting recommended preventive interventions
and the corresponding highest level of evidence.

The primary limitation of this review is that it did not
employ a mixed-treatment comparison. The heterogenous
nature of the study designs failed to meet the assumptions
of homogeneity, transitivity, and consistency. Sources of
heterogeneity included study designs, the variety of in-
dustries represented, the outcome measures, and the
population demographics. Therefore, performing such a
comparative analysis was not possible. While a systematic
review was performed for the clinical controlled trials used
in the preventive intervention component of the review, no
systematic review was performed for the nonclinical
studies used for the pathophysiology component. This
increased the risk of bias in the selection of articles for
inclusion in the review.

The literature reviewed here suggests that OMT tech-
niques can positively affect many of the identified pro-
cesses associated with the development of occupational
musculoskeletal disorders. However, there is a paucity of
research investigating the effectiveness of OMT as a pre-
ventive intervention. Future research evaluating the effects
of OMT as a preventive intervention within the context of
the five models of osteopathic care is warranted.

Conclusions

With an understanding of how injuries develop, preventive
resources can be directed to where they will likely have the
greatest impact. The presented osteopathic approach sug-
gests several areas where targeted primary, secondary, and
tertiarypreventive interventionsmaybe effective.According
to the biomechanical–structural model, interventions that
match demands to capacity, correct dysfunctional move-
ment patterns, and limit tissue vulnerability to stress may
mitigate the risk of occupationalmusculoskeletal injury and
disability. The neurological model suggests that restoring
alpha–gamma balance, tonic-phasic synergistic function,
and autonomic balance are central to an injury prevention
program. Measures that maximize physiologic reserve are
key to the metabolic–energy model component of a pre-
vention program, while the respiratory–circulatory compo-
nent of a comprehensive prevention program depends upon
measures that optimize respiration and circulation. Finally,
the importance of the behavioral–biopsychosocial model is
imperative as unaddressed cognitive distortions likely
hinder all other preventive measures.
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