Taylor & Francis
Taylor & Francis Group

Applied Occupational and Environmental Hygiene

ISSN: 1047-322X (Print) 1521-0898 (Online) Journal homepage: https://www.tandfonline.com/loi/uaoh20

Work-Related Musculoskeletal Symptoms and
Injuries among Operating Engineers: A Review and
Guidelines for Improvement

Chris L. Zimmermann , Thomas M. Cook & John C. Rosecrance

To cite this article: Chris L. Zimmermann , Thomas M. Cook & John C. Rosecrance (1997) Work-
Related Musculoskeletal Symptoms and Injuries among Operating Engineers: A Review and
Guidelines for Improvement, Applied Occupational and Environmental Hygiene, 12:7, 480-484,
DOI: 10.1080/1047322X.1997.10390031

To link to this article: https://doi.org/10.1080/1047322X.1997.10390031

@ Published online: 24 Feb 2011.

N
CJ/ Submit your article to this journal

||I| Article views: 53

A
& View related articles &'

Eal Citing articles: 8 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=uoeh20


https://www.tandfonline.com/action/journalInformation?journalCode=uoeh20
https://www.tandfonline.com/loi/uaoh20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/1047322X.1997.10390031
https://doi.org/10.1080/1047322X.1997.10390031
https://www.tandfonline.com/action/authorSubmission?journalCode=uoeh20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=uoeh20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/1047322X.1997.10390031
https://www.tandfonline.com/doi/mlt/10.1080/1047322X.1997.10390031
https://www.tandfonline.com/doi/citedby/10.1080/1047322X.1997.10390031#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/1047322X.1997.10390031#tabModule

Work-Related Musculoskeletal Symptoms
and Injuries Among Operating Engineers:
A Review and Guidelines for Improvement

Chris L. Zimmermann, Thomas M. Cook, and John C. Rosecrance

Injury Prevention Research Center, Biomechanics and Ergonomics Facility, The University of lowa,
lowa City, lowa 52242

Among construction workers, operating engineers encounter job fac-
tors considerably different from those of their counterparts in other
construction trades. While many professionals in the construction
trades are faced with risk factors for work-related musculoskeletal
disorders (WMD) such as heavy lifting, carrying, power tool use, and
forceful repeated motions, operating engineers are confronted with
more subtle stressors. The sustained and awkward postures they are
required to maintain, the controls they are required to operate, and
the vibrating environments in which they work are major risk factors
for WMDs among operating engineers. This article reviews the cur-
rent literature and recommendations for improvement. Considering
symptom and disability prevalence rates along with biomechanical
and physiological considerations, four primary recommendations to
reduce WMD:s are indicated. Equipment designs should minimize the
magnitude and frequency of vibration reaching the operator. Place-
ment of equipment controls within the cab should minimize reach
distance and trunk flexion and rotation. Cab designs should provide
maximum operator visibility from an upright seated posture, decreas-
ing postural loads associated with trunk and neck flexion. Operators
should be encouraged and allowed to take regular breaks during the
workday, minimizing the effects of a sustained sitting posture. These
modifications in equipment and work practices should reduce the
rates of musculoskeletal disorders associated with the operating engi-
neer’s profession and work environment. ZiMvermann, C.L.; Cook, TM.;
RosecraNCE, J.C.: WORK-RELATED MUSCULOSKELETAL SYMPTOMS AND INJURIES AMONG
OreraTNG ENGINEERS: A REVIEW AND GUIDELINES FOR IMPROVEMENT.  AppL. Occup.
ENVIRON. HYG. 12(7):480-484; 1997. © 1997 AIH.

ccording to the Bureau of Labor Statistics," the construc-
Ation industry leads all other industrial divisions in the
number of nonfatal injuries or illnesses. In 1994 the construc-
tion industry was second only to transportation/public utilities
in the number of sprains and strains and led in cuts/lacerations
and fractures. The number of injuries per 100,000 workers, by
body part, was greatest among construction workers for head,
eye, trunk, back, upper extremity, hand, finger, lower extrem-
ity, knee, foot, toe, and multiple body parts.

Among construction workers, operating engineers encoun-
ter job factors that are considerably different from those of their
counterparts in other construction trades. While many profes-
stonals in the construction trades are faced with risk factors for

work-related musculoskeletal disorders (WMDs) such as heavy
lifting, carrying, power tool use, and forceful repeated mo-
tions, operating engineers are confronted with more subtle
stressors. The sustained and awkward postures they are re-
quired to maintain, the controls they are required to operate,
and the vibrating environments in which they work are major
risk factors for WMDs among operating engineers.

Overview

Work-Related Musculoskeletal Disorders Among Operating
Engineers

Studies of operating engineers have ranged from injury prev-
alence descriptive studies to case—control investigations which
have made comparisons between different groups of operating
engineers or between operating engineers and age-matched
sedentary control groups. Operating engineers operate numer-
ous kinds of equipment for various purposes. This equipment
may also be used to pull various implements. One of the
difficulties in studying operating engineers has been the fact
that many operators are trained on and operate many different
pieces of equipment, with operation of four to six different
pieces of equipment being very common.® This fact makes it
difficult to evaluate the relative risks associated with operating
any specific type of equipment, although a limited number of
studies have been undertaken to begin to address the relative
risks associated with specific equipment types.

BULLDOZER OPERATORS. The most prevalent work-related
symptoms reported among bulldozer operators include stiff
shoulder (54.3%), general fatigue (44.1%), low back pain (LBP;
36.2%), weak stomach (34.6%), and irritability (33.9%).9
These values are apparently point prevalences for 127 operators
who worked solely with bulldozing equipment; however, no
time frame information was provided. Unfortunately, whether
the bulldozers used by the subjects in the study were tracked or
wheeled was not reported. This is a concern since the vibration
levels for these two types of bulldozers differ significantly: 0.3
to 1.3 m/s? for tracked and 0.6 to 2.2 m/s” for wheeled.®

CRANE OPERATORS. Overhead crane operators, as part of a
retrospective follow-up study, have been identified as being at
higher risk for permanent work disability due to back disorders
(in particular disorders of the intervertebral disc) when com-
pared with a control group of male factory workers employed
in the same departments.® The job description given for the
crane operators in this study included a minimum of 6 hours
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daily exposure to whole-body vibration (WBV), a minimum
of 6 hours daily sustained sitting posture (often associated with
bending forward), very little physical stress, a changing climate
(hot/cold), and high psychological stress. The control group
job description included vibration exposure for one-third of
the group 20 percent of the time, prolonged sitting and stand-
ing, bending forward and standing (20% of the day), heat stress,
and little psychological stress. They reported incidence density
ratios (IDRs) (case versus control) of 2 and 2.95 for disability
due to intervertebral disc disorders and degeneration of the
intervertebral disc, respectively. These ratios showed a pattern
of increasing disability with increasing duration of WBV ex-
posure among crane operators. When adjusting these ratios for
potential confounding factors, the IDRs increased to 2.28 and
3.28, respectively. Over time these differences amounted to
almost 24 percent disability pensioning among crane operators
versus 8 percent for controls by age 55. Bongers et al.© also
investigated the prevalence of sickness absenteeism of 28 days
or greater duration in the same population. This investigation
identified no difference between cases and controls. However,
the duration of absenteeism related to low back disorders
among the crane operators was greater than that reported for
the controls. Thus, with the same number of reported inci-
dents, the crane operators, on average, missed a greater amount
of work.

Burdorf and Zondervan” examined 33 steel factory crane
operators. Of their sample, 61 percent reported LBP and 27
percent reported LBP with sciatica in the previous 12 months.
This compared with 27 and 10 percent reporting similar prob-
lems in their control group. It should be noted that among the
crane operators experiencing LBP none could identify a spe-
cific incident that brought on their symptoms. The duration of
LBP [less than 2 days (29%), lasting 3 to 7 days (33%), lasting
1 to 3 weeks (17%), and daily LBP (21%)] and history of
recurrence [pain for 1 year or less (43%), pain for 2 to 5 years
(36%), pain for 6 to 10 years (7%), and pain for 11 to 20 years
(11%)] were similar among the operators and controls. Con-
sidering the differences in LBP among the cases and controls,
an odds ratio (3.6) was determined for risk of LBP among
crane operators versus controls. In another investigation of
crane operators, Burdorf et al.® identified a 12-month LBP
prevalence of 50 percent among crane operators. They also
identified an odds ratio of 3.29 for newly developed cases of
LBP among crane operators versus office workers.

EARTH-MOVING EQUIPMENT OPERATORS. Dupuis and Zer-
lett™ performed a three-part investigation of operators of
earth-moving equipment. The first part of the investigation
was a cross-sectional study (interviews and medical examina-
tions) of 352 operators of earth-moving machinery with at least
3 years of work experience. X rays of 251 machine operators
from this group with over 10 years of experience were also
reviewed. In an investigation of subjective perspectives, 149
operators were asked about the experience of discomfort im-
mediately following an 8-hour workday. The results indicated
that the primary problems during the previous 12 months for
the earth-mover operators (352) in this study were LBP
(68.7%), discomfort during the work shift (75%), discomfort
after the shift (59%), and disorders of the spine (70%). The
majority of the discomfort in the spine was attributed to the

Work-Related Musculoskeletal Symptoms 481

lumbar region (68.7%). The predominant health impairment
among the operators was lumbar syndrome (81%). In this
study, “lumbar syndrome” followed the definition of
Krimer:® “symptoms which are caused directly or indirectly
by degenerative lesions of the lumbar discs.” Of the workers
questioned immediately following the work shift (n = 149),
the following were reported; backache (45%), discomfort
(40%), paraesthesia in the arms and legs (21.5%), headache
(19.5%), and tiredness (11%). The prevalence of backache was
seen to increase with age from 20 to 29 years (35%) to 50 to 59
years (67%).

FORKLIFT OPERATORS. In an evaluation of work-related
symptoms, Miyashita et al.®) reported that the most prevalent
complaints among 44 forklift operators were stiff shoulder
(56.8%), LBP (50.0%), general fatigue (45.5%), weak stomach
(38.6%), and upper and lower extremity paraesthesias (22.7).

Bendstrup and Biering-Serensen® evaluated 169 forklift
truck operators and compared them with two control groups
(salaried or skilled workers and unskilled laborers). Lifetime
incidence of LBP varied across the three groups: forklift truck
drivers (79%), skilled workers (63%), and unskilled workers
(64%). Retrospective prevalences measured included the 12-
month prevalence of LBP (65, 47, and 52% for the three
respective groups) and missed work due to LBP (22% of
forklift truck drivers and 7 and 9% of the respective controls).
Point prevalences of LBP were reported as 21, 11, and 8
percent. Reports of low back trouble during a follow-up year
were as follows: forklift truck drivers (51%), skilled workers
(43%), and unskilled workers (47%). Absence due to LBP was
reported by 17, 7, and 3 percent, respectively. Treatment for
LBP was obtained by 16, 13, and 9 percent, respectively.

Boshuizen et al.'") evaluated self-reported back pain among
a group of 242 forklift truck and freight container tractor
drivers. Differences noted between the drivers and the control
group included: (1) increased smoking, (2) increased mental
stress, (3) sitting more frequently, (4) sitting longer without
interruption (58% report sitting for more than 2 hours without
interruption), (5) looking backward frequently, and (6) WBV
exposure at 0.8 to 1 m/s? a,. This study reported prevalences
among the drivers of back pain (48%), LBP (41%), work-
related transient back pain (20%), lumbago (19%), and tingling
in legs (21%), which were all significantly greater than that
reported in the control group. Their prevalences are lower
than those reported by other investigations, and this may be
attributed to differences in questionnaire wording. However,
the significant differences in back pain still exist. Odds ratios
were determined and found to be significant for back pain
(2.3), LBP (2.2), back pain lasting several days or more (1.22),
point prevalence of back pain (1.17), and 1-year prevalence of
back pain (1.28). The authors also report a health-based selec-
tion among the drivers, with drivers experiencing back pain
being more likely to select out of the profession.

In a cross-sectional analysis of three sedentary trades, Bur-
dorf et al.® identified an odds ratio of 2.51 for newly devel-
oped cases of LBP when comparing straddle-carrier drivers to
office workers. The 12-month prevalence of LBP among driv-
ers was 44 percent, compared with 34 percent for office
workers and 50 percent for crane operators.
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POWER SHOVEL OPERATORS. A study by Miyashita et al.®)
identified the following work-related symptom prevalence
among 184 power shovel operators: stiff shoulder (43.5%), LBP
(38.0%), irritability (29.3%), weak stomach (27.2%), and gen-
eral fatigue (26.6%). These findings are very similar to those
reported for bulldozer operators and forklift operators. The
forklift operators showed significant differences when com-
pared with the control group, whereas the bulldozer and
power shovel operators did not.

TRACTOR OPERATORS. In a pair of 1990 publications, Boshui-
zen et al.(1%'? reported an increased tendency for earlier dis-
ability pensioning among tractor drivers when compared with
controls from the same company. They also reported an ele-
vated incidence of long-term absenteeism because of interver-
tebral disc disorders among the tractor drivers. The general
sentiment of the authors was that a positive association existed
between the years of exposure to WBV and the likelihood of
disorders of the back and intervertebral disc. They also provide
a summary of the prevalences of LBP found in previous studies
on tractor drivers.(14~18 Reports from other studies mentioned
ranged from 2409 to 61 percent,®? depending on the defi-
nition of prevalence and LBP in the study.

GENERAL. Milby and Spear,® in a review of 3900 medical
claims over a 20-month period made by members of IUOE
Local No. 3 (Northern California} reported a bias among the
group that indicated persons exposed to WBV were likely to
self-select out of occupations when suffering from certain
disease conditions such as ischemic heart disease, nonendo-
crine-related obesity, and displacement of intervertebral discs.
Spear et al.,?" in a follow-up to the 1974 study of Milby and
Spear,® indicated that there was a greater tendency for self-
selection out of the work environment for vibration-exposed
workers than for controls. They also indicated that the overall
prevalence of disease processes among cases and controls was
not significantly different, but that for vibration-exposed
workers there was tendency for earlier manifestation of the
disease or injury processes. Spear et al.?? have reported an
interesting trend in the work patterns of operating engineers.
In reviewing their 1974 and 1975 studies of heavy equipment
operators, they noted a trend of injury and disability claims
among the operators. As the work experience of the operators
increased, their rate of reporting claims decreased. This pattern
was not, however, linear. There was an increase in claims as
the number of pension credits increased from 0 to 19.75, and
then a decrease for workers with 20 or more pension credits.
This trend has been associated with a self-selection process
where persons unable to tolerate their work environment
self-select out of that environment.?® A similar trend was
noted among construction machinery operators®? for disor-
ders including osteomyelitis, intervertebral disc displacement,
and structural bone and joint deformities.

Most of the previous studies have focused on LBP and spinal
disorders. Riihimiki et al.? and Viikari-Juntura ef al.® have
performed investigations on a group of earth-mover operators
and longshoremen. These two groups served as the machine
operating group in a cross-sectional and 3-year follow-up
study of three types of work: operating machines, dynamic
physical work, and sedentary work. Investigation of sciatic pain
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incidence identified a 3-year cumulative incidence rate of 22
percent for equipment operators versus 14 percent for office
workers and an adjusted rate ratio of 1.4 for the machine
operators when compared with office workers.® Tola et al.??
have also investigated the prevalence of neck and shoulder
symptoms among these three types of work. The machine
operators selected in their evaluation included earth-moving
machine operators (excavators, bulldozers, loaders, etc.) and
longshoremen (forklift truck). Due to the variety of equipment
operated by their sample, they are included in this section.
Results of their study identified an 81 percent lifetime preva-
lence of neck and shoulder symptoms-among machine oper-
ators. The 12-month prevalence of neck and shoulder symp-
toms was only slightly lower, while the 7-day symptom
prevalence was near 58 percent. In an evaluation of risk
indicators it was noted that working in bent or twisted postures
increased the occurrence of neck and shoulder symptoms,
especially among the equipment operators. The relative risk of
neck and shoulder symptoms for machine operators versus
office workers was 2.4.

Risk Factors for Work-Related Musculoskeletal Disorders

A review of the biomechanical and physiological literature
indicates that the high prevalence of WMDs among operating
engineers might be attributed to a combination of prolonged
and often awkward sitting and exposure to WBV. Exposures to
extremes of temperature and humidity are most likely con-
founding factors.

PROLONGED (AWKWARD) POSTURES. The task of equipment
operation is typically performed in a seated posture. Several
classic investigations®*?% have shown an increase in intradiscal
pressures for unsupported sitting compared with standing. Nu-
merous investigators have implicated static sitting as a major
cause of LBP.G"=32) Additionally, the adoption of a kyphotic
(forward bent) lumbar spine posture has been implicated in
further enhancing the negative effects of prolonged sit-
ting.®"3» Within unsupported sitting postures, the greatest
intradiscal pressures are reported for postures of forward bend-
ing. These postures are also coincident with increases in erec-
tor spinae muscle activity.®® Thus, the seated posture has a
significant influence on intradiscal pressure and the muscular
demands during static sitting. The risks associated with leaning
forward in a driver’s seat have been further demonstrated by a
study of various lumbar supports. Increasing the thickness of
the lumbar support up to 5 cm has been shown to result in
decreased electromyographic (EMG) and intradiscal pres-
sure.®” The role of posture in LBP has also been investigated
and objectified in several cross-sectional analyses of employees
in sedentary and nonsedentary occupations.®>=3%

The effects due to awkward postures nq\ed for the back are
also present in the prevalence of problems in the neck and
shoulder. In the neck, static awkward postures can result in
increased intradiscal pressure and increased muscular demands.
These muscular demands are determined by the net moment
created by the head relative to the vertebral level of interest and
the relative length of the muscle. Greater moments lead to a
greater stabilizing force requirement, and shortened or elon-
gated muscle lengths (relative to resting length) decrease the
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muscle’s ability to generate force and thereby increase the
probability of fatigue.

In the case of the shoulder, static postures and repetitive
motions are probably the key determining factors.#%4D Static
elevated arm postures lead to increased fatigue in a manner
similar to awkward head postures (increased mass moment arm
and inefficient muscle lengths).

REPETITIVE MOVEMENTS. Repetition is an occupational risk
factor that may contribute to the problems in the neck, shoul-
ders, and low back. If the job requirements include repeated
backward looking, this maneuver may generate tension on the
intervertebral disc’s annulus®? and apply repetitive loading to
the musculature.®*® This may lead to structural fatigue of the
disc’s lamina®? or muscular fatigue. The repetitive nature of
hand control manipulation may lead to fatigue and injury of
the shoulder, forearm, and hand.®*” Any repetitive movements
out of a neutral lumbar spine position (forward or side bending
and rotation) will have effects on the disc and musculature
similar to those noted for the neck.

WHOLE-BODY VIBRATION. The WBYV epidemiology literature
has identified that sitting in a driving or vibratory environment
produces even greater risk of LBP or back injury when com-
pared with static sitting.*-22:39:44=51 This greater risk has been
attributed to two potential mechanisms: (1) materials fatigue of
the vertebral endplate due to repeated loading and subsequent
scarring resulting in decreased nuclear nutrition and disc fail-
ure; and (2) degenerative changes in the annulus due to ex-
cessive mechanical loading of the annular fibers.®? Both of
these phenomena may be occurring in workers exposed to
WBYV while in neutral and nonneutral seated postures.

The response of the musculature during WBV exposure is
an important factor and has been classified into two separate
categories: tonic and phasic activities (sometimes referred to as
a vibration synchronous response). Regarding erector spinae
activity during WBYV exposure, there exist conflicting reports
of increases in tonic EMG activity with®® and without®®
accompanying increases in the phasic EMG component.

Considering the physiological evidence, the International
Organization for Standardization (ISO) has addressed the issue
of WBV exposure in their guideline ISO 2631-1.5% This
guideline establishes limits for WBV exposure based on its
direction of application, magnitude, and frequency. The fre-
quencies at which exposure duration is most limited are in the
range of 4 to 8 Hz, with increasing duration of exposure being
acceptable at higher and lower frequencies. Thus, within the
operating engineer’s working environment, the negative ef-
fects attributed to sitting are present along with the negative
effects associated with WBV exposure.

The preceding has been an attempt to consolidate a body of
literature which sorely lacks consistency in measurement and
reporting. It should be noted that in many cases self-reported
symptoms are the measurand of choice, and some of the
disorders investigated may have significant cultural ties. It is
hoped that this article will allow the reader to better under-
stand the complexities of the operating engineer’s work envi-
ronment and how it affects operators. It is also hoped that this
review will begin to consolidate some of the literature and
bring into focus the lack of organization in research methods
and reporting of WMDs among operating engineers. Attempts

Work-Related Musculoskeletal Symptoms 483

by the authors to produce a consolidating table which would
or could adequately represent the state of knowledge concern-
ing operating engineers and WMD were unsuccessful due to
the variety of measurands used and types of investigations
reported in the literature. ’

Recommendations
Based on currently available information, four guidelines for
reducing WMDs among operating engineers seem warranted:

1. Equipment should be designed to minimize the magnitude
and frequency of vibration reaching the operator.

2. Equipment controls should be located within the cab such
that reach distance and trunk flexion and rotation are min-
imized.

3. Cabs should be designed to provide the maximum operator
visibility from an upright supported seated posture, thus
decreasing the postural load associated with trunk and neck
flexion.

4. Equipment operators should be encouraged to take regular
breaks during the workday to minimize the effects of sus-
tained postures.

Acknowledgments

This project was supported by a National Institute for Occu-
pational Safety and Health cooperative agreement with the
Center to Protect Workers” Rights, Washington, DC.

References

1. Bureau of Labor Statistics: Incidence Rates for Nonfatal Occupa-
tional Injuries and Illnesses Involving Days Away from Work.
Tables R5 and R8. U.S. Department of Labor, Washington, DC
(1993).

2. Milby, T.H.; Spear, R.C.: Relationship Between Whole Body
Vibration and Morbidity Patterns Among Heavy Equipment
Operators. HEW Pub. No. (NIOSH) 74-131. NIOSH, Cincin-
nati, OH (1974).

3. Miyashita, K.; Morioka, 1.; Tanabe, T.; et al.: Symptoms of
Construction Workers Exposed to Whole Body Vibration and
Local Vibration. Int. Arch. Occup. Environ. Health 64:347-351
(1992).

4. Dupuis, H.; Zerlett, G.: Whole-Body Vibration and Disorders of
the Spine. Int. Arch. Occup. Environ. Health 59:323-336 (1987).

5. Bongers, P.M.; Boshuizen, H.C.; Hulshof, C. T J.; Koemeester,
A.P.: Back Disorders in Crane Operators Exposed to Whole-
Body Vibration. Int. Arch. Occup. Environ. Health 60:129-137
(1988).

6. Bongers, P.M.; Boshuizen, H.C.; Hulshof, C.T J.; Koemeester,
A.P.: Long-Term Sickness Absence Due to Back Disorders in
Crane Operators Exposed to Whole-Body Vibration. Int. Arch.
Occup. Environ. Health 61:59—64 (1988).

7. Burdorf, A.; Zondervan, H.: An Epidemiological Study of Low-
Back Pain in Crane Operators. Ergonomics 33(8):981-987 (1990).

8. Burdorf, A.; Naaktgeboren, B.; de Groot, H.: Occupational Risk
Factors for Low Back Pain Among Sedentary Workers. J. Occup.
Med. 35(12):1213-1220 (1993).

9. Krimer, J.: Bandscheibenbedingte Erkrankungen (Ursachen, Di-
agnose, Behandlung, Vorbeugung, Begutachtung). Thieme,
Stuttgart (1978).

10. Bendstrup, T.; Biering-Serensen, F.: Effect of Fork-Lift Truck
Driving on Low-Back Trouble. Scand. J. Work Environ. Health
13:445—452 (1987).

11. Boshuizen, H.C.; Bongers, P.M.; Hulshof, C.T J.: Self~Reported
Back Pain in Fork-Lift Truck and Freight-Container Tractor Driv-
ers Exposed to Whole-Body Vibration. Spine 17(1):59-65 (1992).



484

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.

C.L. Zimmermann et al.

Boshuizen, H.C.; Bongers, P.M.; Hulshof, C.T J.: Self-Reported
Back Pain in Tractor Drivers Exposed to Whole-Body Vibration.
Int. Arch. Occup. Environ. Health 62:109-115 (1990).
Boshuizen, H.C.; Hulshof, C.T.J.; Bongers, P.M.: Long-Term
Sick Leave and Disability Pensioning Due to Back Disorders of
Tractor Drivers Exposed to Whole-Body Vibration. Int. Arch.
Occup. Environ. Health 62:117-122 (1990).

Rosegger, R.; Rosegger, S.: Health Effects of Tractor Driving. J.
Agric. Eng. Res. 5:241-272 (1960).

Seidel, B.; Troster, F.A.: Ergebnis einer gezielten Reihenunter-
suchung von 60 Tractoristen auf Gesundheitsschiden durch
Lirm und Vibration. Z. Ges. Hyg. 16:447-450 (1970).
Dupuis, H.; Christ, W.: Untersuchung der Moglichkeit von
Gesundheitsschidigungen im Bereich der Wirbelsiule bei
Schlepperfahren. Heft A. Max-Planck-Instituit fiir Landarbeit
and Landtechnik, Bad Kreuznach (1972).

Sjeflot, L.: The Tractor as a Work-Place. A Preliminary Report
on a Survey Among Norwegian Farmers and Drivers. Ergonom-
ics 25:11-18 (1982).

. Perleau, M.; Lauwerys, R.; Buchet, J.P.: Etude par Question-

naire des Risques Associés au Travail en Milieu Agricole. Cah.
Med. Trav. 2:129-136 (1986).

Schultze, KJ.; Polster, J.: Berufsbedingte Wirbelsiulenschiden
bei Tractoristen und Landwirten. Beitr. Orthop. Traunatol. 26:
356-362 (1979).

Kohl, U.: Les Dangers Encourus par les Conducteurs de Tract-
eurs. Arch. Mal. Prof. 36:145-164 (1975).

Spear, R.C,; Keller, C.; Behrens, V.; et al.: Morbidity Patterns
Among Heavy Equipment Operators Exposed to Whole-Body
Vibration. DHEW (NIOSH) Pub. No. 77-120. NIOSH, Cin-
cinnati, OH (1975).

Spear, R.C.; Keller, C.A.; Milby, T.H.: Morbidity Studies of
Workers Exposed to Whole Body Vibration. Arch. Environ.
Health May/June: 141-145 (1976).

Thiis-Evensen, E.: Shift Work and Health, Vol. 1. Reports XII
International Congress on Occupational Health, Helsinki (1957).
Kleinman, G.: Occupational Health of Construction Workers in
California. Bureau of Occupational Health, Department of Pub-
lic Health, State of California, Berkeley, CA (1967).
Riihimiki, H.; Viikari-Juntura, E.; Moneta, G.; et al.: Incidence
of Sciatic Pain Among Men in Machine Operating, Dynamic
Physical Work, and Sedentary Work. A Three Year Follow-up.
Spine 19(2):138-142 (1994).

Viikari-Juntura, E.; Riihimiki, H.; Tola, S.; et al.: Neck Trouble
in Machine Operating, Dynamic Physical Work, and Sedentary
Work. A Prospective Study on Occupational and Individual
Factors. J. Clin. Epidemiol. 47(12):1411-1422 (1994).

Tola, S.; Rithimiki, H.; Videman, T.; et al.: Neck and Shoulder
Symptoms Among Men in Machine Operating, Dynamic Phys-
ical Work and Sedentary Work. Scand. J. Work Environ. Health
14:299-305 (1988).

Nachemson, A.: The Load on Lumbar Disks in Different Posi-
tions of the Body. Clin. Orthop. 45:107-122 (1966).
Andersson, G.B.J.; Ortengren, R..; Nachemson, A.L.; et al.: The
Sitting Posture: An Electromyographic and Discometric Study.
Orthop. Clin. North Am. 6:105-120 (1975).

Cyriax, J.: The Slipped Disc. Charles Scribner’s Sons, New York
(1975).

Keegan, J.J.: Alterations of the Lumbar Curve Related to Posture
and Seating. J. Bone Joint Surg. 35-A:589-603 (1953).
McKenzie, R.A.: Predisposing and Precipitating Factors. The
Lumbar Spine Mechanical Diagnosis and Therapy. Wright &
Carman Ltd., Upper Hutt, NZ (1981).

Lindh, M.: Biomechanics of the lumbar spine. In: Basic Biome-
chanics of the Skeletal System, pp. 255-290. V.H. Frankel and
M. Nordin, Eds. Lea and Febiger, Philadelphia, PA (1980).

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

APPL.OCCUP.ENVIRON.HYG.
12(7) JULY 1997

Andersson, G.B.J; Ortengren, R.; Nachemson, A.; Elfstrom, G.:
Lumbar Disc Pressure and Myocelectric Back Muscle Activity
During Sitting. 1. Studies on an Experimental Chair. Scand. J.
Rehab. Med. 6:104—-114 (1974).

Magora, A.: Investigation of the Relation Between Low Back
Pain and Occupation. 3 Physical Requirements: Sitting, Standing
and Weight Lifting. Ind. Med. 41(12):5-9 (1972).

Damkot, D.KJ.W.; Pope, M.H.; Lord, J.; Frymoyer, J.W.: The
Relationship Between Work History, Work Environment and
Low-Back Pain in Men. Spine 9(4):395-399 (1984).
Keyserling, W.M.; Punnett, L.; Fine, L].: Trunk Posture and
Back Pain: Identification and Control of Occupational Risk
Factors. Appl. Ind. Hyg. 3:87-92 (1988).

Burdorf, A.: Exposure Assessment of Risk Factors for Disorders
of the Back in Occupational Epidemiology. Scand. J. Work.
Environ. Health 18:1-9 (1992).

Riihimiki, H.; Tola, S.; Videman, T.; Hinninen, K.: Low-Back
Pain and Occupation. A Cross-Sectional Questionnaire Study of
Men in Machine Operating, Dynamic Physical Work, and Sed-
entary Work. Spine 14(2):204-209 (1989).

National Institute for Occupational Safety and Health: Cumula-
tive Trauma Disorders. A Manual for Musculoskeletal Diseases of
the Upper Limbs. V. Putz-Anderson, Ed. Taylor and Francis,
Philadelphia, PA (1988).

Armstrong, T.J.; Buckle, P.; Fine, L].; et al.: A Conceptual
Model for Work-Related Neck and Upper Limb Musculoskel-
etal Disorders. Scand. J. Work Environ. Health 19:73—84 (1993).
Farfan, H.; Huberdeau, R.; Dubow, H.: Lumbar Intervertebral
Disc Degeneration. J. Bone Joint Surg. 54A:492-510 (1972).
Floyd, W.F.; Silver, P.H.S.: The Function of the Erectores
Spinae Muscles in Certain Movements and Postures in Man.
J. Physiol. 129:184-203 (1955).

Bongers, P.M.; Boshuizen, H.C.: Back Disorders and Whole-
Body Vibration at Work. Thesis, University of Amsterdam,
Amsterdam, The Netherlands (1990). )

Frymoyer, D.G.; Pope, M.H.; Clements, J.H.; et al.: Risk Factors
in Low-Back Pain. J. Bone Joint Surg. 65A:213-218 (1983).
Helivaara, M.: Occupation and Risk of Herniated Lumbar
Intervertebral Disc of Sciatica Leading to Hospitalization. ]J.
Chronic Dis. 40:259-264 (1987).

Hulshof, C.; Veldhuijzen van Zanten, B.: Whole-Body Vibra-
tion and Low-Back Pain. A Review of Epidemiologic Studies.
Int. Arch. Occup. Environ. Health 59:205-220 (1987).

Kelsey, J.L.; Hardy, R.J.: Driving of Motor Vehicles as a Risk
Factor for Acute Herniated Lumbar Intervertebral Disc. Am. J.
Epidemiol. 4:197-205 (1975).

Kelsey, J.L.: An Epidemiological Study of Acute Herniated Lum-
bar Intervertebral Discs. Rheumatol. Rehabil. 14:144-159 (1975).
Seidel, H.; Heide, R.: Long-Term Effects of Whole-Body Vi-
bration: A Critical Survey of the Literature. Int. Arch. Occup.
Environ. Health 58:1-26 (1986).

Wilder, D.G.: The Biomechanics of Vibration and Low Back
Pain [Review]. Am. J. Ind. Med. 23(4):577-588 (1993).
Sandover, J.: Vibration, Posture and Low-Back Disorders of
Professional Drivers. Report No. DHS 402. Loughborough Uni-
versity of Technology, Loughborough, UK (1981).
Zimmermann, C.L.; Cook, T.M.; Goel, V.K.: Effects of Seated
Posture on Erector Spinae EMG Activity During Whole-Body
Vibration. Ergonomics 36:667—675 (1993).

Robertson, C.D.; Griffin, MJ.: Laboratory Studies of the Elec-
tromyographic Response to Whole-Body Vibration. 1.S.V.R.
Technical Report 184. University of Southampton, Southamp-
ton, UK (1989).

International Organization for Standardization: 1SO-2631-1
Evaluation of Human Exposure to Whole-Body Vibration—Part
1: General Requirements. ISO, Geneva, Switzerland (1985).



