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Includes valid testing per history, sensory screening, provocation tests, NVC-EMG.
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Extensive review of research on MSD pathophysiology, diagnosis, epidemiology. Of particular note is description of
pathophysiology, especially describing histochemical changes that can trigger systemic inflammatory responses.
Cytokines are released from local inflammatory sites may trigger systemic inflammatory responses, thus causing
tendinitis symptoms to spreading to other sites. Of equal interest is the motor behavior degradation that can occur
with repetitive motion tasks, causing loss of motor control and a resulting loss of coordination and movement
efficiency that may increase work damage. This may be the result of changes at the brain where repetitive
movement causes degradation of motor cortex, distorting motor control. This is reorganization of CNS control of
movement.

Novak C, "Upper Extremity Work-Related Musculoskeletal Disorders: a Treatment Perspective," JOSPT, OCT 2004
This is an excellent discussion of various important pathomechanics of MSD. Of particular interest is the prevalence
of multi-level neurovascular compressions (double-crush) {{a critical issue in prevention tactics where we address
proximal posture risks to reduce distal repetitive motion problems}}. Static postures, particularly at the neck are also
described {{another critical issue in prevention tactics where we address proximal posture risks to reduce distal
repetitive motion problems}}. Posture risks at various articulations are described. Treatment approaches are also
well-described in this paper.
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(12): 923-927.
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program reported that the program made them feel better.
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extra break periods. The group that was to add exercises to their break period reported only 25 percent exercise
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Balci R, Aghazadeh F: The effect of work-rest schedules and types of task on the discomfort and performance of
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entry and cognitive tasks. Computers & Industrial Engineering, 2004, 46(3):399-411.
Comparing various work time versus rest time periods revealed that very brief very frequent micro-breaks resulted
in less discomfort and higher accuracy and productivity than did longer work periods with longer breaks. This study
was level II evidence with strong internal validity.
Hess J, Hecker S: Workplace stretching programs: the rest of the story. Appl Occup Envir Hyg, 2003; 18(5): 331-8.
Several studies are examined and analyzed in detail, describing positive and negative findings among a variety of
studies and exercise approaches. One study review included flexibility program for firefighters. Showing no
significant reduction in incidence of LBI, but injury costs significantly reduced ($85,372 for stretch group versus
$235,131 for control group) from Hilyer 1990.
Hilyer J, et al: A flexibility intervention to reduce the incidence and severity of joint injuries among municipal
firefighters. J Occup Med 1990, 32(7): 631-637.
A flexibility program for firefighters showed no significant reduction in incidence of musculoskeletal injury, but total
injury costs significantly reduced ($85,372 for stretch group versus $235,131 for control group)
SIT-STAND
Hasegawa T, et al: Effects of a sit-stand on a light repetitive task. Int J Indust Ergo, 2001, 28 (3-4): 219-224.
Subjects performed light repetitive tasks in sitting and standing. More frequent switches between postures resulted
in better work performance and less fatigue that with less frequent switch.
BACK SCHOOLS
Schenk R, Doran R, Stachura J: Learning effects of a back education program. Spine 1996; Oct 1; 21(19): 21832189.
The American Back School was compared to a video education group and a control group. Learning effect was
assessed by examining gains in post-test results. No differences in post-test comparisons were seen in control and
video groups. Significant differences were seen in the back school group at the .001 level, indicating that back

school is an effective intervention for influencing lifting posture and conveying information on spinal mechanics and
lifting technique. Additionally, video training may not be an effective prevention intervention.
Heymans M, van Tulder M, et al: Back schools for nonspecific low back pain: a systematic review within the
framework of the Cochran Collaboration Back Review Group. Spine. 2005; 30(19): 2153-63.
There is moderate evidence suggesting back schools in an occupational setting reduce pain and improve function
and return-to-work status.
Karas B, Conrad K: Back injury prevention in the workplace: an integrative review. AAOHN J, 1996; 44(4): 189-96.
Review of 15 experimental and quasi-experimental studies showed some positive evidence for back belts, back
schools, stretching programs, and educational classes. Back schools and stretching programs were studied more
frequently and showed the greater proportion of positive results.
Gatty C, et al: The effectiveness of back pain and injury prevention programs in the workplace. Work 2003; 20(3):
257-66.
Review of nine studies showed that positive outcomes were associated with studies reporting high compliance that
used job-specific and individualized/small group education and training approaches.
van Poppel M, et al: An update of a systematic review of controlled clinical trials on the primary prevention of back
pain in the workplace. Occup Med (Lond), 2004; 54(5): 345-52.
There is no evidence for effectiveness of back supports or education in primary prevention of LBP. There is limited
evidence of moderate efficacy or exercise.
LIFTING WITH LORDOSIS
Hart D, Stobbe T, Jaraiedi M: Effects of lumbar posture on lifting. Spine 12:138-145, 1987.
Describes the advantages of lifting with lumbar spine positioned in a lordotic loading position versus in a kyphotic
position (posterior pelvic tilt). They noted the advantage of lordotic lifting creating higher protective muscle
contraction, as evidenced by EMG, providing a protective muscle action to counter flexion moments on the disc.
Also, flexion moments were higher in the kyphotic lifting position and lower in lordotic lifting position.
Delitto R, Rose S, Apts D: Phys Ther 1987; 67(9):1329-34.
This study examined the effects of two different alignments of the lumbar spine on electromyographic activity of the
erector spinae (ES) and oblique abdominal (OA) muscles during squat lifting. Nineteen healthy subjects (8 men, 11
women) participated in this study. Each subject performed squat lifts both with the lumbar spine aligned in "backbowed-in" (BBI), or normal, lordosis and with the lumbar spine aligned in "back-bowed-out" (BBO), or relatively
less, lordosis. Based on total duration, the lift was divided into two equal phases. EMG activity of each muscle was
quantified for each half of the lift and normalized to the total EMG produced by the muscle during a maximal
voluntary isometric contraction. A three-way analysis of variance for repeated measures was used to analyze the
effects of position of the lumbar spine, timing, and load on the amount of EMG activity during lifting. For all loads,
ES muscle activity was greater during the first half of the BBI lift, whereas OA muscle activity was greater during
the first half of the lift, regardless of the lifting style (p less than .01). The greater ES and OA muscle activity
occurring during the crucial initial period in the BBI lift may provide the best protection for the lumbar spine.
Bazrgari B, Shirazi-Adi A, Arjimand N: Analaysis of squat and stoop lifting : muscle forces and internal spinal loads.
Eur Spine J 2007; May; 16)5):687-99.
Findings advocate for squat lifting over stoop lifting as the technique of choice in reducing net moments, muscle
forces and internal spinal loads (moment, compression, shear forces).
Hickey D, et al: Relation between the structure of the annulus fibrosus and function and failure of the intervertebral
disc. Spine 1985; 5(2):106-114.
Annulus fibers have the same mechanical properties as tendon fibers, per tolerance to stretch and strain. Failure of
the annulus is most likely to fail during forward bending loads and during torsion loads, whereas compression is
more likely to cause end-plate failure.
POSTURE
Gerr F, et al: A randomized controlled trial of postural interventions for prevention of musculoskeletal symptoms
among computer workers. Occup Environ Med. 2005 Jul; 62(7): 478-87.
This study assigned two intervention groups each a work posture to maintain during computer work, plus a control
group with no posture intervention. Results showed no significant differences in the incidence of musculoskeletal
symptoms among the three groups, suggesting that the two postural interventions are ineffective at reducing

symptoms. {{Lauren adds: I would suggest that this may support the hypothesis that it is not the position that leads
to posture-related pain but, rather, the time spent in a sustained position that leads to symptoms. Position may
matter less than time spent in the position.}}
Melhorn J: A prospective study for upper extremity cumulative trauma disorders of workers in aircraft
manufacturing. J Occup Environ Med, 1996; 38(12): 1264-71
8000 employees underwent prospective study in a four-way experimental design to assess several interventions
showed that only posture training had a beneficial risk reduction. Combination of posture training and exercise had
beneficial effect for two of the groups.
UE SUPPORT
Nag P, et al: Influence of arm and wrist support on forearm and back muscle activity in computer keyboard
operation. Appl Ergo. 2009; 40(2): 286-291,
Study examined muscle activity while using a wrist rest, forearm support and floating (unsupported) upper extremity
work posture during keyboard work. Wrist rest showed mixed reductions in muscle activity, while forearm support
showed widespread reduction in muscle activity compared to forearms unsupported.
Conlon C, Krause N, Rempel D: A randomized controlled trial evaluating an alternative mouse and forearm support
on upper body discomfort and musculoskeletal disorders among engineers. Occup Environ Med. 2008 May; 65(5):
311-8.
In engineers using computers more than 20 hours per week, a forearm support board may reduce right upper
extremity computer use.
Remple D, et al: A randomized controlled trial evaluating the effects of two workstation interventions on upper body
pain and incident musculoskeletal disorders among computer operators. Occup Environ Med. 2006 May; 63(5):
300-6.
Comparing ergonomics training only with training plus computer trackball with training plus forearm support
revealed that training plus forearm support was effective in preventing upper body MSD among call center
employees.
ERGONOMICS INTERVENTIONS
Haukka E, et al: A randomized controlled trial on whether a participatory ergonomics intervention could prevent
musculoskeletal disorders. Occup Environ Med. 2008 Dec; 65(12): 849-56.
A cluster randomized trial of 504 kitchen workers in 119 workplaces over 11-14 month period with 402 ergonomics
changes implemented revealed no systematic differences in any outcome variable between intervention group and
control group. There was no reduction in perceived physical workload or MSD among these workers.
Karsh B, Moro F, Smith M: The efficacy of workplace ergonomic interventions to control musculoskeletal disorders:
a critical analysis of peer-reviewed literature. Theor Iss Ergo Sci, 2001, vol 2, no 1: 23-96.
An analysis of 101 peer-reviewed studies examining the efficacy of a range of workplace ergonomic interventions
concluded that the most effective interventions were multiple-component interventions. Of the studies considered
84 percent found some positive results, although most had mixed outcomes. Only 32 percent of the studies used
experimental or quasi-experimental designs.
PATHOLOGENESIS
Byng J: Overuse syndromes of the upper limb and the upper limb tension test: a comparison between patients,
asymptomatic keyboard workers and asymptomatic non-keyboard workers. Man Ther 1997, 2: 157-164
The ULTT was positive in 100 percent of the patient group, supporting the hypothesis that the pathology of
occupational upper limb overuse is neurogenic in origin. Furthermore, the asymptomatic keyboard users (intended
to be a control subgroup) also had a significantly higher positive ULTT compared to asymptomatic non-keyboard
users (the other control subgroup).
Porterfield J, DeRosa C: Mechanical Low Back Pain: Perspectives in Functional Anatomy. 1998; W.B. Saunders.
Describes functional anatomy, biomechanics, pathomechanics, degenerative changes at the lower spine at the
zygoapophyseal joints, intervertebral discs and sacroiliac joint.
Riley G, et al: Tendon degeneration and chronic shoulder pain: changes in collagen composition on the human
rotator cuff tendons in rotator cuff tendinitis. Ann Rheum Dis. 1994; 53(6): 359-66
Degenerated tendons show changes consistent with repeated minor injury and fiber damage consistent with
reduced vascular perfusion, tissue hypoxia and influence of cytokines, weakening the tendon.

Lundborg G, Dahlin L: Anatomy, function, and pathophysiology of peripheral nerves and nerve compression. Hand
Clin 1996; 12(2):185-93.
The clinical stages of nerve compression lesions can be related to changes in intraneural microcirculation and
nerve fiber structure, alterations in vascular permeability and subsequent formation of edema. The double crush
and reverse double crush syndromes are related to disturbances in axonal transport induced by compression,
followed by morphological and functional changes in nerve cell bodies.
Edgelow P: Ch.6; Neurovascular consequences of cumulative trauma disorders affecting the thoracic outlet: a
patient-centered approach. In Donatelli R (ed): Physical Therapy of the Shoulder; 1997; Churchill-Livingstone.
Comprehensive description of pathomechanics and pathophysiology of thoracic outlet compression.
ON-SITE PT
Sadi J, et al: A 13-year study of musculoskeletal disorders treated in an autoplant , on-site physiotherapy clinic. J
Occup Rehabil. 2007; 17(4): 610-22.
On-site physiotherapy services can provide early cost-effective management of MSD in the automotive sector.
Rothstein, et al: The hypothesis-oriented algorithm for clinicians II (HOAC II): a guide for patient management. Phys
Ther 2003, 83 (5): 455-47.
Describes the clinical decision-making process defined by HOAC-II as a structured process of patient evaluation,
problem-identification, goal-setting, intervention selection, and outcomes assessment.
BACK BELTS
Kraus J, et al: Reduction of acute low back injuries by use of back supports. Intl J Occ Envir Hlth, 1996; 2(3).
The study was sponsored by UCLA School of Public Health and the Southern California Injury Prevention Research
Center. The study of 36,000 employees at 31 Home Depot stores in California encompassing 101,000,000 work
hours revealed a decrease of 34% in low back injuries following a mandatory policy on use of back supports among
employees. Favorable effects were seen in both genders, young and old, new or experienced workers, low lifting
intensity and high lifting intensity jobs. The study provides evidence that proper use of back supports as part of a
comprehensive back injury prevention program may be effective in reducing back injuries.
Kraus J, et al: Back supports and low back injuries: a second visit with the Home Depot cohort study data. Intl J
Occ Envir Hlth, 1999; 5: 9-13.
This paper revisits data for the study suggesting favorable low back injury prevention effects of wear back supports
in the workplace, in response to letters to the Journal editor questioning the study’s findings. The issues were
examined and answered, supporting the validity of the findings.
Warren L, et al: Effects of soft lumbar support belt on abdominal oblique muscle activity in nonimpaired adults
during squat lifting. JOSPT 2001; 31.
Wearing a soft lumbar support during squat lifting significantly decreased activity of abdominal obliques. This study
shows back belts reduce muscle activity and this should be consistent with decreased loads on the spine, likely due
to increased intra-abdominal pressure. This is consistent with other studies that, taken together, demonstrate the
both abdominal and back muscles produce less force during lifting with a back support. Decreased coactivation of
the muscles around the spine suggests that spinal compressive forces are decreased. Loads on the spine during
lifting tasks are positively correlated with increased muscle activity. Intra-abdominal pressure is significantly
increased with wearing a back belt during lifting. Increased intra-abdominal pressure is believed to result in
decompression of the spine during loading and decreased load on spinal muscles. There is also an increased
recruitment of quadriceps muscle action during lifting with back belts, suggesting they encourage improved lifting
technique. This paper mentions numerous studies in its text and its bibliography that add support to the hypothesis
of the authors.
Van Duijvvenbode, et al: Lumbar supports for prevention and treatment of low back pain. Cochrane Database Syst
Rev. 2008; (2):CD001823.
There is moderate evidence that back supports are not more effective than no intervention or training. There is
conflicting evidence of their effectiveness when combined with other interventions.
Van Tulder M, et al: Lumbar supports for prevention and treatment of low back pain. Cochrane Database Syst Rev.
2007; (2):CD001823.
There is moderate evidence that back supports are not more effective than no intervention or training. There is
conflicting evidence of their effectiveness when combined with other interventions. Authors also point out that

quality of the research reviewed was poor and that one essential issue in the research was inadequate subject
compliance
Ammendolia C, et al: Back belt use for prevention of occupational low back pain: a systematic review. J Manip
Phys Ther. 2005;28(2): 128-34.
As of 2003, conflicting evidence and the lack of high quality trials imply there is no conclusive evidence to support
the use of back belts to reduce lost time from occupational LBP.
Butler, David: THE SENSITIVE NERVOUS SYSTEM; Noigroup Publ, Adelaide, Australia, 2000.
The is an excellent text on the neurophysiology of pain, nerve mobility and adverse neural tension, neurovascular
entrapment, AIGS, double crush, central excitation, upregulation of pain, and other issues that closely relate to
extremity pain syndromes, particularly those involved with work disorders. Excellent description of underlying
issues important to dealing with injured workers. Addresses mobilization of the peripheral nervous system, which
may be a part of the stretching tactics we may consider for the workplace.
IMPORTANT TEXT:
Bullock M, ed.: Ergonomics: The Physiotherapist in the Workplace, Churchill-Livingstone, 1991.
pp 214-215 and 228-229. This text describes the role of the physical therapist as highly qualified industry resource
for ergonomics. The physical therapist is described as providing a valuable mix of musculoskeletal medical training
with human biomechanics and physics of movement and posture as the basic science foundation of this profession.
Most large industry settings in Europe employ on-site physical therapists as their ergonomics resource (in contrast
with US industry which relies primarily on engineers.) In Scandinavian countries ergonomics is chiefly the domain of
physical therapists.
pp 52-53: Posture workload is described as a primary risk for CTD. Static muscle contraction reduces circulatory
irrigation to muscle, decreasing oxygen and creating metabolic wastes accumulation in the tissues, leading to pain
and tissue hardening. Muscle posture work should not tolerate more than 5-6% of MVC in work conditions
exceeding one hour. Rapid repetitive motion and high accuracy demands create increased background tensions in
working muscles and tendons, as do noise and cold, creating similar stresses as seen in excessive posture load
demands and high MVC. Similar stresses are seen when repetitive loading exceeds 50% of MVC and peak loading
exceeds 75% of MVC. Similar stresses are seen in extreme positions and sudden jerky motions.
pp 108-115: Posture load is described as a severe risk, particularly in the presence of short rest breaks. Static
posture loads with short rests is a strong risk. Posture load is a risk especially when posture is awkward or needed
to manipulate tools distally. Speed of repetition increases static posture loads (Waersted 1986). Forward head
posture is seen as a pain source in many static posture jobs according to one study, suggesting pain is a result of
mechanical deformation of passive tissues (Harms-Ringdahl 1986). Static loading is identified as stress causing
fatigue and reduction in blood flow at a time when wastes are increasing and oxygen demands are increasing
(IBID). VDT work is discussed in this context, with up to 95% demonstrating symptoms (Bjorksten 1984).
Management of this risk calls for improving posture habits, early symptom reporting, redeployment of work, and
task alternation. Fatigue is the precursor to musculoskeletal pain problems. Repetitive light tasks produced
significant changes in EMG and serum creatine kinase (SCK) in local muscles. These changes were not seen in
heavy aerobic tasks (Hagberg and Jonsson 1982, 1984). The quality and frequency of rest affects the ability of
muscles to recover (Rhomert).
pp 134-143: Forward head posture produces stress through muscles posture load and passive tissue loads at ROM
extremes, where EMG may be quiet. Posture loads at neck and shoulder are affected by motions, postures and
loads in the arms and hands. Precision, speed, psychological stresses all increased muscle posture loads. Neutral
upright head posture uses approximately 2% of MVC; slightly flexed uses 10%; much flexed posture uses 17% of
MVC. Trapezius fatigue is reached where MVC is at 2-5% for more than an hour. This load is greatly increased with
arm flexion or abduction. Flexion was defined as lower cervical flexion with some compensatory extension at upper
cervical, a protracted head posture over the shoulders (Harms-Ringdahl and Schuldt 1988). Work with arms
unsupported greatly accelerates fatigue. The more they are elevated, the more fatigue changes are seen spreading
from the upper traps to the lower traps, thoracic erector spinae, rhomboids and glenohumeral muscles. Symptoms
are related to time spent in forward postures, shoulder elevation, and total duration of arm activity. Endurance also
depended upon the worker's physical condition. Continuous arm activity entails no return to zero activity, so there
is no relaxation of neck and shoulder muscles. Rather, movement is superimposed on static contractions. This is in
light of the obstruction in perfusion of these working tissues (Schuldt, Jonsson, Christensen). The use of micropause loading breaks for only a few seconds are important to preserve comfort and work performance through the
work day. When the hands and arms are supported during work activity, there is less pain in the neck and shoulder
region(Hunting, 1981). Elbow support, properly designed, reduced activity in the traps, rhomboids, and erector
spinae in both erect and flexed head positions among assembly workers (Schuldt, 1987).
Barr A, Barbe, M: Pathophysiological Tissues Changes Associated with Repetitive Movement: A Review of the
Evidence. Phys Ther. 2002 February: 82(2): 173-187.

This article presents several key considerations defining MSD pathophysiological mechanisms taken from
extensive literature review, particularly among animal studies describing neuromusculoskeletal responses to
repetitive or sustained loading demands. Key points include:
CELLULAR CHANGES:
Muscle tissue biopsies of humans with hand overuse symptoms showed histological and muscle fiber structure
changes consistent with denervation or ischemic loss of type II fibers with hypertrophy of type I fibers. Upper
trapezius samples showed changes consistent with hypoxia and reduced blood flow. Cell membrane damage
releases intracellular factors that stimulate infiltration of lymphocytes and macrophages. These processes
stimulate regreneration, or scarring if that damage is ongoing. In tendons this can result in fibroblast proliferation
leading to fibrosis and collagen dysplasia within the extracellular matrix. Ongoing mechanical or metabolic stress
such as hypoxia, ischemia or inflammation leads to release of heat shock proteins (HSP) by cells such as neurons,
glia, fibroblasts and muscle cells. This is a healing protective response whereby these HSP restore denatured
proteins. HSP are stimulated by ischemia or tears in cell membranes releasing cytokines, mediators of
inflammation, cell proliferation and regeneration. These mediate proliferation of macrophages and fibroblasts. The
phagocytic action of the macrophages can further increase damage and release more cytokines, thus creating a
vicious cycle of chronic inflammation.
CNS CORD CHANGES:
Chronic pain can lead to neuroplastic changes in CNS and PNS. Sustained nociceptive afferent bombardment can
increase release of excitatory neurotransmitters glutamate and substance P in the dorsal horn. These can activate
and potentiate synapse activity both presynaptically and postsynaptically. This can also alter genetic expression in
neurons to upregulate receptor sites. The end result is hyeralgesia (increased sensitivity to nociception) and
allodonia (non-painful stimuli felt as pain). Clinicians often mistake this process as “symptom magnification” or
psychological complications. Nerve constriction peripherally due to repetitive or sustained mechanical compression
can also cause neuroplastic changes in the dorsal root ganglion that can increase nociception transmission.
CNS CORTEX CHANGES:
Repetitive tasks can induce changes in cerebral cortex, particularly de-differentiation of cerebral cortex
representation of the hand. This is induced by constrained and repeated motions at the upper limb. Loss of
specific hand field representation of the cortex causes loss of coordination and changes in movement behaviors
toward less efficient motor control. This loss of movement efficiency increase fatigue and pain risks during
repetitive tasks. This is maladaptive movement behavior. It may be that this motor control degradation precedes
the onset of pain and may even precipitate it.
SYSTEMIC INFLAMMATORY REACTION:
Animal studies reveal increased cellular chemical changes: HSP-72, COX2, and macrophage infiltration at levels
1000 times above baseline. PLUS, these biochemical changes were seen also in the non-moving control limbs,
suggesting a systemic inflammatory response to the high repetition low load tasks in the experiment. This
suggests that repetitive task work can lead to not only local inflammatory reactions at the exposure site, but also
leads to a wider systemic inflammatory response as well as neurological reorganization (neuroplasticity) centrally at
the spinal cord, increasing nociception, and at the cerebral cortex, causing motor control degradation.
USEFUL WEB SITES:
http://www.emcins.com/lc/niosh.htm
Automated online NIOSH Lifting Equation calculator
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=federal_register&p_id=16305
This is the entire OSHA Ergonomic Final Rule; (29 CFR 1910.900, November 14, 2000).
Federal Register #: 64:65768-66078
http://personal.health.usf.edu/tbernard/HollowHills/WISHA_WMSD_Checklist.pdf
Washington State MSD hazards checklist format
http://personal.health.usf.edu/tbernard/HollowHills/WISHA_Lifting.pdf
Washington State lifting hazards calculator
http://www.ergo.human.cornell.edu/
Cornell University web site of numerous ergonomics research, guides, analysis tools

