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Are they an effective control

for musculoskeletal disorders of the upper extremities?

By Raymond W. McGorry and Theodore K. Courtney

MUSCULOSKELETAL DISORDERS (MSDs) have
been associated with occupational and nonoccupa-
tional risk factors. Force, repetition, awkward (non-
neutral) postures and vibration are among the
physical risk factors for the development of MSDs
[NIOSH(b) 1; NRC 1]; when found in combination,
these factors have been reported to pose a greater
risk than the application of high forces alone
[Silverstein, et al(b) 343]. Serious workplace injuries
due to repetitive motion resulted in an estimated
$2.8 biliion in direct costs alone in U.S. industry in
2002 (Liberty Mutual 1}.

Recommended approaches for conirolling work-
related MSDs of the upper exiremities (MSDUEs)
have included engineering and administrative con-
trols. Engineering controls include modification of the
physical work environment such as workstation and
tool redesign. Administrative controls include meth-
ods training, job enlargement, job rotation and work
scheduling [OSHA 1; NIOSH(a) 1; GAO 11

Worksite exercise programs have also been sug-
gested and implemented specifically as a preventive
measure against MSDUEs, For example, guidelines
published by Worksafe Australia include exercise as
a potential prevention strategy (NOHSC 1). More
recently, the Health Council of the Netherlands
encouraged the use of physical conditioning and
selective training of muscle function as a control
approach, in addition to “elimination of the causative
strain” (Willems 1969).

The authors first conducted a review of the literature
on the effectiveness of workplace exercise programs in
1995 (McGorry and Courtney 22; Table 1). It was con-
cluded that the evidence was insufficient to support the
use of worksite exercise programs as a sole interven-
tion. However, the evidence suggested that some com-
prehensive multidisciplinary programs (including
engineering and administrative controls) were effective
in reducing incidence of work-related MSDUEs, and
worksite exercise programs were included in several of
these programs. Based on the review of the literature

available at that ime, the authors concluded that mul-
tidisciplinary interventions were the most appropriate
approach to the control of work-related MSDUEs, and
that no evidence precluded the use of an appropriately
designed and monitored exerdise program as part of a

comprehensive effort.

A decade has passed since that initial review. In
the interim, guidelines from occupational safety and

health agencies in Australia

~and the Netherlands have sug-

gested exercise as a prophy-
lactic approach to MSDUEs
(NOHSC 1; Willems 1969).
This led the authors to consid-
er whether more recent devel-
opments in the scientific
literature support such recom-
mendations. This article pro-
vides an updated review of the
scientific literature on the effi-
cacy of workplace exercise pro-
grams to provide readers with
the most recent information
available in order to make
better-informed decisions re-
garding exercise as a control
strategy for MSDUEs.

The New Literature

As defined for this review,
worksite exercise programs
take place on site at an office or
manufacturing facility. They
must include an upper extremi-
ty exercise component, al-
though not necessarily to the
exclusion of other exercises.
Such programs are conducted
during regular working hours,
and are usually implemented
with the goal of mitigating the
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cise programs have been
implemented as a

preventive measure
against musculoskeletal
disorders of the upper
extremities. An initial Iit-
erature review in 1995
found insufficient evi-
dence to support such
programs as a sole inter-
vention, but found some
evidence supporting

their use as part of a

comprehensive muftidis-
ciplinary program. This

article provides an

updated review of six
other studies that have
investigated the effects

of these programs.

Despite a decade of
additional research, the
resulis remain inconclu-

sive. This lack of a con-
sensus iflustrates the
need for well-designed
studies with clearly
defined interventions
and effective control of

confounding factors.

More rigorous methods
could improve the
understanding of the

role of worksite exercise.

Abstract: Worksite exer-

effects of static postures or repetitive motions
involved in a worker's job. Participation may be
mandatory or voluntary. The exercise programs may
focus on specific joints or muscle groups, or may be
more general in nature. Some programs involve a
break(s) from the work routine, while other programs
may take place at the beginning of the shift or work-
day. The exercise programs may be conducted on the
shopfloor, in the office, at the worker’s desk or in a
common area.

Two online search engines were used to conduct
the literature search: PubMed (www.ncbinlmnih

.gov/entrez/ query.fcgi?DB=pubmed) and Ergonom-
ics Abstracts Online (hitp://ergonomics.metapress

com). The criteria for inclusion in the review were:
1) the report was published in a peer-reviewed journal
indexed by at least one of the above databases; 2) the
exercise program included an upper extremity com-
ponent; 3) the exercise program was conducted at the
warkplace; and 4) the study included at least one out-
come measure related to upper extremity symptoms,
disease or disability.

Satisfaction of all four criteria was required for
inclusion in the review. The authors identified and
reviewed five recent studies that have investigated
the effect of a worksite exercise program, either
alone or as part of a more comprehensive interven-
tion, as well as one earlier study not included in the
initial review. A summary of the results of the review
is presented in Table 2.

Hilyer Study: Firefighters

Hilyer, et al conducted a six-month study of an
exercise program emphasizing improved flexibility
with 469 professional firefighters (Hilyer, et al 631).
Participation was mandatory and group assignment
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was random, based on the fire station at which they
worked. The control and exercise groups had 218 and
251 firefighters, respectively. The program was de-
signed to promote flexibility of shoulder muscle
groups as well as the low back and hamstrings. Four
flexibility tests were conducted before and after intro-
duction of the exercise program: 1) a sit-and-reach
test for lumbar and hamstring flexibility; 2} a stand-
ing trunk rotation test; 3} a shoulder flexion/exten-
sion range of motion measurement; and 4) a knee
flexion/extension range of motion measurement.

Comparisons of the flexibility test results showed a
significant overall increase in flexibility among the
experimental group and a particularly large increase
in shoulder flexion and extension flexibility. At a two-
year follow-up, no dropouts were reported from
either study group. The two groups had no significant
differences in injury rates or medical costs. Iowever,
the cost of lost time was significantly less—66.5%
lower for the exercise group—suggesting a decrease in
severity or associated disability when an injury did
occur. Lost-time costs were not broken down by body
part or nature of injury, which limits the ability to
draw specific conclusions regarding program effec-
tiveness for prevention of MSDUEs.

Genaidy Study: Meatpacking Plant

Genaidy; et al reported on the effect of short work
breaks (microbreaks that included upper extremity
stretches) on percetved discomfort among workers at
a meatpacking plant (Genaidy, et al 326). Twenty-
eight meat cutters participated in the study that eval-
uated effects of the intervention over a 2-week
period. The workers were taught a psychophysicat
methodology that involved self-selecting stretching
breaks based on discomfort in a body part. The work-



ers were taught isometric static
stretching techniques for the
upper extremities, trunk and
lower extremities, and were
instructed to take breaks as
often as necessary, but to limit
break length to 2 minutes and

Exercise Study Characteristics &
Findings, McGorry & Courtney, 1995

Positive

Statistical

no more that 24 total minutes Study Exercise Type Qutcome M Finding? _Significance
er shift LaPorte, 1966 UE & other Visual fatigme N NT
P . e Industry: Post oifice Other interventions: None Cognitive fafigue Y NT
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. f th Study length: Single event
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program. Each shift, the work- Lutz, 1987 UE only Work-related medical Y NT
ers took an average of 2.1 Industry: Surgical products mfg, Other interventions: visits, MSD symptom
R . . Subjects: 33 employees in microswagging | Conservative therapy; job
rmcrobreaks with a combined deparkment maodification; workstation
duration of 48 seconds. The |Study length: 3 months modification
Sawyer, 1987 UE & other Case incidence Y NT
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pre-test/post-test design; this gfudy length: 3 years Eﬁﬂji.:‘]caﬁon
s : ilverstein, 1988 ly Body part discomfort Y N
increases the pOte"!_}h’al for a Industry: Dental floss mig, Other interventions: Physical
placebo effect to bias the re- Subjects: 178 assemblers and packers therapy
sults. The intervention period — [Studylength:1year
e 1t d th Williams, 198% UE only Hand MVE N NT
was very TiE! f:lS weli, an £ Industry: Garment mfg. Other interventions: None Phalen’s Test N NT
number of subjects was small. Subjects: 14 exercisers; 16 controls Thermography N NT
In addition, the study did not | Siiariebth company sclected
include al'la:lYSIS of m]ury inci- Tadano, 1990 UE & other Case incidence Y NT
dence or the cost effectiveness Indgstry: Telephone company Other interventions: Physical
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O € mrervenaon. Study length: 1 year workstation modification
- Thomas, 1993 UE only Motor NCV N N
van der Heuval Study Industry: Hardware mfg. Other interventions: None Hand MVE 1 N
cOmputer Operators Subjects: 7 symptomatic exercisers; Body part discomfort N N

van der Heuval, et al con-
ducted an eight-week study

selected
Study length: 8 weeks

7 nonsymptomatic controls; company

comparing rest break alone ver-
sus exercise and rest break
among 268 computer operators
with upper extremity or neck
complaints of at least 2 weeks duration (van der
Heuval, et al 106). Voluniteers were randomly assigned
to one of two intervenfion groups where breaks were
required by software-controlied work interruptions,
or to a control group having no forced breaks.

In one intervention group, a 5-minute rest was
imposed after every 35 minutes of work. In the second
intervention group, 45 seconds of software-directed
upper extremity and trunk exercises {specifics not
described) started each 5-minute rest period.

Follow-up questionnaires were completed by 219
participants—74 from the control group, 79 from the
break group and 66 from the exercise and break
group. Self-reported complaint severity and fre-
quency decreased for all three groups, but no signif-
icant between-group differences were found for
symptoms or duration of sick leave. A significantly
greater perception of recovery was observed for
both intervention groups.

Melhorn Study: Aircraft Workers

Melhorn conducted a study of 212 aircraft work-
ers to evaluate the effectiveness of three interven-
tions: an exercise program, an ergonomics training

program and a tool-vibration-dampening maodifica-
tion to a pneumatic rivet gun (Melhorn 1264). The
study spanned 15 months with assessments conduct-
ed at the start and end of the §-menth study, and ata
7-month follow-up. The outcome variable, injury risk
(0 to 7 scale), was a model constructed by combining
physical measures, questionnaire data and noninva-
sive “nerve sensitivity testing.”

A significant decrease in injury risk occurred
among those in the ergonomics fraining program,
but no main effect was observed for the program that
included exercises for the upper extremities and
back, or the tool modification. Significant effects of
exercise were observed for covariate factors included
in the risk model (dominant hand, number of parts
processed), but the practical significance was unclear.

Eriksen Study: Postal Workers

Eriksen, et al reported results of a 12-week study
with postal workers randomly assigned to one of
three experimental groups or a control group (Eriksen,
et al 383). Of the 1,061 worker volunteers who
completed the pretest questionnaire, 472 worker vol-
unteers completed the investigation of a worksite ex-
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Notes: I = Inconclusive; MSD = Musculoskeletal Disorder; MVE = Maximum Voluntary Exertion;
NCV = Nerve Conduction Velocity; NT = No Testing Described; UE = Upper Extremity.




Moré Recent Exercise Study
Characteristics & Findings

Positive  Statistical

experimental activity, carpal
tunnel pressures were found to
decrease for the final 15 min-
utes of data collection.

The exercise program was
the only intervention intro-
duced during the study period

Study Exercise Type Out_ct_nr_ne Measures Finding? Significance and it was mandatory for all
Hilyer, et al, 1990 UE & other Flexibility X Y ducti " Th
Industry: Municipal firefighters Other interventions: None Injury rate N N producton workers. € Pro'
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Study length: 6 months; 2 year f/u Lost time Y X the beeinni hift
Genaidy, et al, 1995 UE & other Perceived discomfort Y Y %&1 . tlf & & dOf ;aCh i .
Industry: Meatpacking Other interventions: None e authors noted a decrease in
Subjects: 28 exercise {microbreak) MSDUE cases reported (exclu-
s Tuedks . - sive of CTS), from 40 to 25
Melhom, 1996 Mainly UE Injury risk N N 7% d d in CTS
Industry: Aircraft manufacturing Other interventions: Preumatic {some positive (37%), and a decrease in
Subjects: 212 total in 8 groups (2 control) | rivet gun modificationy; covariate cases reported from 55 to 22
:(set:'r;gs: factors: rivet gun ergo training | ergonomics training effects) (45.4%') duri g the year of the
Study length: 15 months exercise intervention as com-
Seradge, et al, 2000 UE only WC loss ratio 7 NT ared to the previous vear's
Industry: Meatpacking Other interventions: None Injury rate, MSD Y NT P Th P kers’ y
Sulfects: 286 excicise Injury rate, CIS Y reports. The workers™ compen-
Study length: 1 year sation loss ratic (the ratio of
Eriksen, et al, 2002 UE & other Job stress N N ens s A
Industry: Postal service (office workers) Other interventions: General Health complaints N N C,O mP abl_e medlcal and _IOSt
Subjects: 114 exercise; 94 exercise & health education program; Lost time N N tme cost to insurance prermum)
health ed; 98 stress mgmt.; 166 control stress management training Subj. improvement Y, Y improved by 16.5% over the
Study length: 12 weeks :

Van der Heuval, et al, 2003 UE only Perceived recovery Y Y UIIE—YEEII‘ PeﬂOd AlthOllgh thESE
Industry: Computer workers Other interventions: None, Complaint frequency Y N results are encouraging, the
Subijects: 66 rest and exercise; 79 rest only; | other than substitution of rest | Complaint severity 57 N Stl.ldy was not confrolled, which
74 control Lost-time cost N N - d th ial f’

Study length: 3 months mtroduces the potential for con-

Notes: CTS = Carpal Tunnel Syndrome; MSD = Musculoskeletal Disorder; NT = Neo Testing Described;

UE = Upper Extremily.

ercise program. A group of 114 workers completed the
exercise program, the goal of which was to improve
muscular capacity, strength and flexibility while main-
taining the heart rate at 70 to 80% of maximum,
Exercises of the neck, back, arms and shoulders,
adapted from an aerobic dance program, were per-
formed for one hour twice a week. A group of 94
workers received health education training as well as
exercise during a 2-hour session conducted once per
week; 98 received stress management fraining; and
166 controls received no interventions.

No significant difference in self-reported dura-
tion of sick leave, pain or subjective health assess-
ment based on pre-test and post-test questionnaires
was observed for any experimental group as com-
pared to the control, in a study that was hampered
by a very high dropout rate. Because the results were
not specific to body part, effects specific to the upper
extremities could not be determined.

Seradge Study: Meatpacking Plant

Seradge, et al reported on a one-year study of an
upper extremity exercise program with 286 workers
at a meatpacking plant [Seradge, et al(c) 150]. The
3-minute “carpal tunnel decompression exercise”
program was developed based on the authors’ obser-
vations from a previous study of in vivo carpal tun-
nel pressures measured in 92 subjects (102 hands)
with carpal tunnel syndrome (CTS) [Seradge, et al(b)
855]. The tunnel pressures were recorded during a
series of wrist and finger movements; following the
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founding by other factors. The
statistical significance of the
restilts was not reported.

Discussion

A literature search identified six articles investi-
gating the effectivencss of worksite exercise pro-
grams in addition to the eight articles previously
reviewed (McGorry and Courtney 22). Five of the six
newly reviewed studies (the exception being the
Melhorn study) found a positive main effect for at
least one of the outcome measures following the
introduction: of an exercise intervention. Participant
flexibility improved in one study (Hilyer, et al 631).
The study conducted by Genaidy, et al showed a
positive effect for the sole outcome measure of per-
ceived discomfort. Ambiguous or negative results
were found for the exercise intervention groups in
three studies (van der Heuval, et al 106; Melhorn
1264; Eriksen, ef al 383).

The results with respect to the more pertinent and
direct outcome measures of disability or injury cost
varied greatly across the studies. Of the six articles
reviewed, the Hilyer, et al study with a cohort of fire-
fighters provided the strongest support for worksite
exercise programs (Hilyer, et al 631). Participants not
only demonstrated improved flexibility, but also
showed significant reduction in lost-time costs.
However, injury and cost data were not reported by
body part, so it is impossible to conclude with confi-
dence that the effect was observed specifically for
the upper extremities.

The other study that reported a positive effect on
upper extremity disease in general and on CTS



specifically was the worksite exercise intervention
instituted at a meatpacking plant [Seradge, et al(c)
150]. Results of this study must be considered with
great care since it was conducted without a control
group and the results were reported without signifi-
cance testing. In contrast, van der Heuval, et al and
Eriksen, et al found no significant effect of an exer-
cise intervention on sick leave (van der Heuval, et al
106; Eriksen, et al 383).

Research Implications

Looking across all 14 studies reviewed, the
authors noted a high degree of variability in study
methods and outcomes that might account in part for
the mixed results. More rigorous and consistently
applied methods could improve the understanding
of the role of worksite exercise. Good experimental
design principles include random assignment of sub-
jects to conditions, the use of control group(s), vari-
ables that are objectively measurable and are directly
relevant to the desired health outcomes, and the
application of statistical hypothesis testing. [For fur-
ther exploration of the components and attributes of
good experimental design, see Courtney (33).]

Only 7 of the 14 studies reviewed used a concur-
rent control group. The others either used pre-
test/post-test designs or were not controlled. For
outcome measures, studies reported one or more of
the following: five studies reported physical meas-
ures (e.g., flexibility, maximum voluntary exertion);
seven reported subjective measures (e.g., body part
discomfort, perceived recovery); and seven reported
a measure directly relevant to injury or disability
{e.g., injury rate, lost time, medical cost). Nine of the
14 studies employed statistical testing,

Only three of the studies used a randomized, con-
trolled design with statistical testing of outcome
measures directly related to injury or cost (Hilyer, et
al 631; Eriksen, et al 383; van der Heuval, et al 106).
Of these, only the IHilyer, et al study reported a pos-
itive effect, showing a significant reduction in lost
time. The ability to generalize these results is limit-
ed, however, since outcomes were not reported by
body part and because firefighters may not be repre-
sentative of the general work population due to rig-
orous fitness-for-duty requirements. The Eriksen
and van der Heuval studies reported nonsignificant
effects of their respective interventions on Jost time.
These studies were of shorter duration (approxi-
mately three months), and the Eriksen study, in par-
ticular, was hampered by a high dropout rate.

Fitness\Wellness Programs

This literature review did not include employer-
sponsored wellness or fitness programs. However, it
is plausible that such programs could help workers
be less prone to work-related injury, require less
medical care, use less sick time and, ultimately, be
more productive. It is widely held within the physi-
cal rehabilitation community that poor physical con-
ditioning increases the risk of injury, whether in the
sports arena or the workplace.

Employer-sponsored fitness programs can range
from the fully equipped on-site fitness centers to off-
site programs subsidized by the employer. The goal
of these programs is to promote general fitness and
health. Participation is typically voluntary and takes
place outside of working hours. When properly
used, such programs would be expected to produce
a positive general effect on employee health, but the
literature does not support their efficacy from an eco-
nomic {(cost-benefit) or injury / disability perspective.

As a case in point, Proper, et al showed that
providing a series of seven health promotion consul-
tations produced significant improvements in car-
diovascular and respiratory function [Proper, et al(a)
34]. However, this study and others (Nurimen, et al
85; Tsai, et al 475) have not clearly demonstrated the
cost effectiveness of such programs in terms of
reducing medical utilization or absenteeism. Several
comprehensive reviews are available on this topic
[Proper, et al(b) 75; Proper, et al(c) 106; Aldana 296;
Dishman, et al 344]. In addition, some recent studies
have evaluated the application of exercise specifical-
ly as a treatment approach for diagnosed CTS
[Garfinkel, et al 1601; Rozmaryn, et al 171; Nathan, et
al 840; Seradge, et al(a) 7; Akalin, et al 108]. Results
are still inconclusive.

Reflections on Practice

Based on the results of these two literature re-
views, the authors offer the following considerations
for SH&E professionals evaluating the implementa-
tion of a worksite exercise program as a control strat-
egy for MSDUEs.

First, consider the nature of the tasks that work-
ers perform. Observe working postures realizing
that static postures of the head and trunk or upper
extremities maintained for long periods can be detri-
mental just as are highly repetitive movements. The
first approach should always be to modify the job or
workplace to better accommodate the worker.

Participants should be screened for medical condi-
tions for which the exercise may be contraindicated.
Additional time should be allocated for exercising,
and time should not be diverted from rest breaks or
other existing recovery pauses. Exercises should not
be embarrassing to perform or disruptive to the
workplace. Active exercises that could aggravate
existing conditions should be avoided (McGorry and
Courtney 22).

If jobs require maintaining the shoulders or arms
at non-neutral postures, the program should empha-
size active and passive range of motion exercises to
promote stretching of soft tissues and circulation to
that body part. Exercises should promote passive
and active movement of the affected body part with-
out significant loading. Resistive exercises, typically
used for strengthening, are generally not appropri-
ate as part of a worksite program as they can poten-
tally increase exposure {OSHA 14},

The intention of this article is to provide an unbi-
ased review of the literature and should not be con-
sidered an endorsement of any exercise program. In

www.asse.org APRIL2006 PROFESSIONAL SAFETY 29



.

the end, ergonomic interventions should be based
on a thorough job and worksite evaluation by an
appropriately trained and credentialed professional.
Finally, before implementing a workplace exercise
program, a healthcare professional with the appro-
priate training should be consulted.

Conclusion

Despite a decade of additional research on exer-
cise programs, the results of this review concur with
the conclusions of the previous review. Taken as a
whole, the literature specific to worksite exercise
programs implemented as a control for MSDUEs is
not very compelling. This finding may reflect the
lack of a focused, sponsored, peer-reviewed research
initiative in this area by funding agencies that would
influence the development of stronger studies.

The most positive support for exercise continues
to be in those studies in which exercise was includ-
ed as part of a more comprehensive ergonomics pro-
gram approach to controlling MSDUEs, including
engineering and administrative controls. The lack of
a consensus across multiple research studies iltus-
trates the continued need for well-designed, pro-
spective studies with clearly defined interventions
and effective control of confounding factors. B
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