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Abstract

The efficacy of many existing musculoskeletal disorders (MSDs) treatment and preventive
approaches remains unclear in current literature. Instead of applying additional measures that generate
additional costs, redesigning the job in a MSD preventive way in the first place could be a cost effective
and health promoting alternative. Manipulating rest intervals and load-repetition combinations within the
work time and workload capacity constraints could qualify one of the beneficial alternatives. The purpose
of this study is to determine whether different load-repetition combinations and rest intervals with different
frequencies and durations would have an impact on the inflammatory response of the muscle and the
development of MSDs within certain constraints -- predetermined total work time, total rest time and total
work volume.

In this study, a total of 24 healthy college men with homogenous anthropometry measures will be
randomly assigned to a 19-minute bicep eccentric exercise task including a total of 4-minute rest time. The
total workload for all eccentric exercise treatment combinations is 27 times the maximum voluntary
isometric contraction (MIVC). Within the shift, the subjects will be randomly assigned to 90% MIVC or
30% MIVC workloads; each subject will also be assigned with 2 minutes or 0.5 minute rest intervals. This
pilot study uses the recoverable short-term delayed onset muscle soreness (DOMS) analogous to the long-
term MSDs to imitate muscle inflammation and healing processes in MSD cases. Three physical responses:
serum CK level (a quantitative marker for skeletal muscle microtrauma), MIVC (a good measure of the
degree of muscle recovery), and muscle soreness are measured before exercise and at days 1, 2, 4, 8 post-
exercise of the human elbow flexor muscles. A two-factor (loading and rest interval) factorial regression
model will be established for muscle inflammatory response.

The findings of the study would assist in understanding the effect of loading and rest on muscle
inflammatory response and healing process as well as designing jobs with suitable rest intervals and load-
repetition balance to prevent MSDs at manufacturing settings. The statistical regression model could

provide guidance to implement ergonomic assessment tools.

Purpose and Benefit of the Proposed Research

Musculoskeletal disorders (MSDs) represent one of
the leading causes of lost work days in industry, are associated
with major economic costs (AAOS, 2009), and are a NORA
research priority area (NIOSH, 2006). In 2004, 16.3 million
strains/sprains were treated in the U.S. healthcare system, and
the estimated cost of treating musculoskeletal injuries was
$127.4 billion (AAOS, 2008). MSDs have shown to be more
severe than the average nonfatal workplace injury or illness, to
require longer recovery times, and to be responsible for
millions of lost work days every year (AAOS, 2008).

Several known MSD risks include high force demands, high
repetition rates, awkward postures, and long durations
(Bernard, 1997; Hoogendoorn et al., 1999). Several well
advocated treatment approaches include thermotherapy (use
ice or heat at the site of pain) (Wyss and Patel, 2013),
massaging (Marcus, 1998), medications and dietary
supplements such as protease enzyme that modulate the
inflammatory response (PhRMA, 2011).

Preventive measures include stretching and warm-up
programs (Choi and Woletz, 2010). However, the efficacy of
these therapeutic and preventive approaches has not been
convincingly validated (Marcus, 1998; Choi and Woletz,
2010; PhRMA, 2011; Wyss and Patel, 2013). In addition, to
uniformly implement such programs at manufacturing

occupational settings could be a costly engineering economic
decision to make. Rather than pursuing the post hoc remedies,
taking the concept of minimizing musculoskeletal injury when
designing the tasks and jobs could be a less invasive, more
cost effective and more worker-health-promoting approach.

This study chose eccentric muscle exercise as the
experiment method because it provides a basis for examining
the impact of load-repetition and rest frequency on muscle
tissue fiber damage, inflammation, and repair in a situation
where damaged muscle fibers are completely healed in
approximately one week (Parasartwuth et al., 2005; Liao,
2010; Komi and Buskirk, 1972). Eccentric exercise also leads
to muscle soreness and tenderness, often termed delayed-onset
muscle soreness (Schwane et al., 1983; Ebbeling and
Clarkson, 1989; Jones et al., 1989; Clarkson et. al., 1992;
Cleak and Eston, 1992). The damaged fibers get repaired by
fibers almost identical in nature to those damaged. And the
repaired fibers actually become more resistant to eccentric
damage experienced subsequently (Komi and Buskirk, 1972;
Newham et al., 1987; Clarkson and Tremblay, 1988; Faulkner
et al., 1992, 1993). This transient eccentric training effect
provides the opportunity to assess damage to musculoskeletal
tissues in manner where the damage produced is reversible
and may even provide a training benefit to participants.

This study aims to reduce the number and severity of
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MSDs among manufacturing sector workers (Strategic Goal 3;
Intermediate Goal 3.1, NORA Manufacturing Sector Council).
This project will contribute to the NORA Manufacturing
Sector Strategic Goals by determining the impact and potential
benefit of certain rest frequencies when total work volume,
total rest duration and shift duration are pre-determined
(Intermediate Goal 3.3; Activity/Output Goals 3.3.1 and
3.3.2). Compared to some of the existing preventive and post-
traumatic treatment programs such as massaging and anti-
inflammatory medication, implementing suitable rest intervals
and designing a load and repetition combination that
contributes to lower injury rate could serve as a more cost-
effective intervention approach (Activity/Output Goal 3.2.2,
3.2.3). The research findings could also present evidence for
future ergonomic assessment tool design to incorporate rest
interval considerations. (Intermediate Goal 3.2)

Specific Aims

The specific aims of this study are:
1. To randomly assign 24 subjects with relatively homogenous
anthropometric features (in order to reduce [Inuisance factors)
to non-dominant arm bicep eccentric exercises consisting low-
force high-repetition or high-force low-repetition paired with
frequent but short duration or infrequent but long duration rest
intervals. There will be a total of four treatment combinations:
high-load high-rest (HLHR), high-load low- rest (HLLR),
low-load high-rest (LLHR), and low-load low-rest (LLLR);
2. To evaluate serum CK levels of the 24 subjects before
exercise and 1, 2, 4, 8 days after exercise;
3. To evaluate the degree of MIVC force and muscle soreness
before exercise, immediately after exercise and 11, 2, 4, 8
days after exercise;
4. To evaluate whether any or all of the dependent measures
are influenced by the independent variables of [1load-
repetition combination, rest interval choice and or their
interaction.

Significance

One factor considered in this study is loading with
different rates (different number of repetitions per minute).
This factor is valuable to study on because force and repetition
have long been recognized as key risk factors influencing the
development of MSDs. However, no study has been
conducted to explore the significance over different load-
repetition combinations when total work volume and total
work time are set as simultaneous constraints. According to
the Palmgren-Miner Rule (Formula 1), variable loading may
cause dramatically different mechanical tissue damage with
the same total work volume when task completion time and
rest time are unknown (Example 1) (Hashin, 1980).

The other factor considered in this study is rest
intervals. Living tissues have the ability to heal themselves
over time. It would be inaccurate to calculate the tissue
damage without taking rest intervals in which they heal into
consideration. For living tissues, total tissue damage
experienced over time equals to the difference between
damage due to mechanical stress and healing over time
(Formula 2).

Cumulative Trauma Disorders (CTDs) including

MSDs’ symptoms increase over time with insufficient rest
periods for muscle healing (Figure 1) (Thomas, 2013). It is yet
unclear whether muscle healing follows linear, exponential or
logarithmic patterns (Gallagher, 2013). Minimal research has
been done to investigate how longer or shorter rest intervals
within defined total rest duration would remedy or exacerbate
the MSD risk factors (Gallagher, 2013). To the authors’
knowledge, no currently existing ergonomic tool developed to
assess MSDs appears to have taken rest interval duration and
frequency into consideration.

Should the proposed study provide evidence that
resting more frequently but of shorter duration, or less
frequently but of longer duration given the total rest duration
has influence on muscle tissue fiber disruption/inflammation,
isometric force decrements, and muscle soreness when
exercising with a specific load repetition combination at a
certain total work volume, it would provide further evidence
that rest frequency should be incorporated into future models
and tools used to assess MSD risk. It is hoped that this study
would provide guidance to suitable rest/break frequency
implementation in manufacturing job design in order to
prevent MSDs.

Research Strategy: Methods to Accomplish the Proposed
Aims

Subjects

24 healthy men between the ages of 20 and 24 will be
recruited to participate in this study. Qualified subjects do not
currently use medical drugs, dietary supplements, or anabolic
steroids, and are free of joint, muscular or cardiovascular
diseases. Qualified subjects should not have performed
eccentric exercise on the non-dominant arm bicep (to rule out
any training effect) and will agree not to perform eccentric,
concentric, isometric or other forms of weight training the
week before, during and after the experiment. Each qualified
subject will be given a written informed consent prior to
participating in the study. The study protocol will require
approval by the Auburn Institutional Review Board (IRB).
Subjects will be randomly assigned to one of the four
treatment combinations: HLHR, HLLR, LLHR, or LLLR.
Subjects will be compensated for their participation in this
study ($200 per subject).

Sample Size and Number of Replicates

The number of replicates for each treatment
combination is determined with the assistance of the operating
characteristic curve for a two-factor factorial design
(Montgomery, 2012). The desirable power for this human-
subject study is 0.70 or higher. This study uses 6 replicates per
treatment combination because statistical power associated
with 6 replicates is almost as high as 1.00 (Calculation 3).

Dependent Measures

A number of dependent measures will be collected
before and after the prescribed eccentric exercise: serum CK
levels obtained from 5-ml of dominant arm elbow flexor
serum samples, MIVC and muscle soreness (collected
immediately prior to exercise, 1, 2, 4, and 8 days after
exercise).

Eccentric Exercise

Each subject will perform a bout of controlled
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eccentric exercise using the elbow flexors of the non-dominant
arm according to their random assignment to the 4 treatment
combinations. The arm will start with elbow flexed at
approximately 60 degrees elbow excluded angle (Figure 2)
and will end with the 180 degrees elbow excluded angle
(elbow fully extended) (Figure 3). A computerized metronome
will be used to assist subjects in performing a lengthening
contraction lasting 30 seconds each if the subject performs
high load exercise or 10 seconds each if the subject performs
low load exercise. The total exercise period will last up to 19
minutes; however, subjects will be free to terminate the
exercise period prior to this point due to discomfort associated
with the eccentric exercise.

The total work volume for each individual subject
will be 27 times his MIVC. High load conditions will be set at
90 % of the subject’s MIVC with the elbow flexed at 90
degrees. Low load will be established at 1/3 of the high-force
value. High rest conditions will be set to 2-minute rest
intervals (a total of 2 rest intervals); low rest conditions will be
set to 0.5-minute rest intervals (a total of 4 rest intervals). The
rest intervals (4 minutes) are evenly distributed throughout the
effective exercise time of the bout (15 minute). In addition,
each subject will practice the timing of contractions with the
dominant arm prior to the exercise. (See attachment for
EAMC RehabWorks Sports Medicine Outreach Letter of
Support.)

Maximum Isometric Voluntary Contraction

MIVC is considered to be the best method to quantify
the degree and time-course of muscle injury and recovery after
exposure to lengthening contractions (Warren et al. 1999).
Subjects will perform three MIVCs with the elbow flexed at
90 degrees before the eccentric exercise, immediately after the
exercise, and at days 1, 2, 4, and 8. This will permit
assessment of any deficit in strength and recovery should
certain loading and rest interval combinations lead to
temporary decreases in isometric force capacity due to the
temporary muscle fiber damage and subsequent fiber
regeneration that occur with eccentric exercise.

Muscle Soreness

Before any contraction is performed in any session, a
force transducer with a circular disc will be applied
perpendicularly to the skin over four reference parts of the
biceps to determine the amount of force at which subjects
report any discomfort or pain. The reference spots will be on
the medial and lateral aspects of the middle and distal portion
of the muscle. Subjects will be asked to identify a spot of
soreness 24 hours post- exercise, which will be used for
subsequent assessments.

Serum Creatine Kinase Sample Collection and
Analysis

A baseline 5-ml blood sample will be taken from the
dominant arm anticubital vein immediately prior to exercise,
and 1, 2, 4, and 8 days after exercise from each subject. The
blood sampling and analysis will take place at the Auburn
University Medical Clinic (AUMC). The serum sample data
will be securely transferred to the Occupational Safety and
Ergonomics (OSE) lab at Auburn University. The samples
taken prior to the exercise will serve as the skeletal muscle
microtrauma comparison baseline. (Chiang, 2009; Evangelista

et al., 2011) The samples taken on the dates post-exercise will
be used to analyze the possible trending of serum CK level
over time. (See attachment for AUMC and Phlebotomist
Training Letters of Support.)

Statistical Analysis and Regression Model

The data from this study will be analyzed using
repeated measures ANOVA to examine the significance of
load-repetition combination, rest intervals, and their
interaction under high force conditions. Data will be analyzed
using Minitab. A two-factor factorial regression model will be
built for muscle inflammatory response with two variables:
loading and rest intervals. (Formula 3)

Experiment Procedures

Step 1 Subjects will fill out a medical screening form
to ensure that they are not experiencing any pain or discomfort
in the non-dominant limb that would preclude participation in
the study. Then the subjects will read and sign the informed
consent and are allowed to raise any question or concern
before signing the consent or starting the experiment.

Step 2 Subjects will be randomly assigned to one of
the 4 task types. Subjects will report to the AU Medical clinic
and EAMC RehabWorks for initial session (day 0). 5 ml blood
will be drawn from each subject at the clinic to measure pre-
exercise CK level. Initial muscle soreness will be tested. The
subject will then perform three MIVCs using the non-
dominant arm at an elbow flexion angle of 90 degrees. Each
MIVC will be separated by a rest period of 2 minutes
(Caldwell et al. 1974).

Step 3 Subjects will perform the prescribed bout of
eccentric exercise. Each subject will practice the timing and
precision of performance with the dominant arm prior to the
exercise. Subjects will be free to terminate the exercise period
prior to this point due to discomfort associated with the
eccentric exercise.

Step 4 On days 1, 2, 4, and 8 post-exercise, the
subjects will report to AUMC for follow-up blood sample in
order to have their post-exercise serum CK level measured.
They will report to the EAMC RehabWorks for MIVCs
measurements. Subjects’ muscle soreness will also be assessed
on these days with the force transducer.

Step 5 Two-way ANOV A method will be used to
assess differences in response among different assigned task
types. Two-factor factorial regression model for muscle
inflammatory response with two coded variables (loading and
rest interval) will be built as future ergonomic assessment tool
design guidelines.

If the statistical analysis concludes that certain
loading level and rest interval demonstrate a significant
decrease in MSD risk, in terms of decrease in serum CK level,
in isometric strength, and in muscle soreness, it will be the
first time for rest interval to be taken into consideration when
assessing human tissue inflammation in vivo with different
load-repetition combinations and when total work volume,
total effective work time and total rest time are predetermined
in the work scenario.

These findings would provide support for additional
and larger research grants to examine rest intervals, loading
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and their interaction in a wide range of disciplines. These may
include (but are not limited to) the design implementation of
manufacturing jobs, research in the animal models, tolerance
of cadaveric tendons, ligaments, and spinal motion segments
focusing on tissue fatigue life, and the development of
ergonomic assessment tools that incorporate rest intervals,
load-repetition combination within the above-mentioned
constraints that may better diagnose MSD risk in the
occupational setting.

Appendix

30 N * 80 Repetitions = 80 N * 30 Repetitions = 2400 N
Calculation 1. Different % UTS and Number of
Repetitions Could Share the Same Total Work Volume
yet Pose Drastically Different Musculoskeletal Injury
Risks

90% * MIVC * 2 repetition/minute * 15 minutes = 30% *
MIVC * 6 repetition/minute * 15 minutes = 27MIVC
Calculation 2. All subjects’ total work volume is 27MIVC

Number of J.IJ.‘! [} V1 V2 Power
Replicates (n)
7.26 2.69 1 12 0.65
5 9.05 3.01 1 16 0.71
6 10.86 3.30 1 20 ~1.00

Calculation 3. Sample Size and Number of Replicates
Determination

Assume UTS (Ultimate Tissue Strength) to be
100 N. The cumulative loads for lifting 30 N for 80
repetitions and lifting 80 N for 30 repetitions appear to be
identical: 2400 N (Calculation 1). The estimated cycles
to failure at 30 N (30% UTS) and 80 N (80% UTS) are
51,383 and 37 respectively; the estimated % Cycles to
Tissue Failure are 0.15% and 81.1% respectively. In
both cases, the tissue experience a total of 2400 N load,
but the effects in terms of mechanical tissue failure are
dramatically different (Gallagher, 2013). In this study, the
total work volume for all subjects is 27 times their
individual MIVC (Calculation 2).0]
Example 1. Variable loading may cause dramatically
different mechanical tissue damage with the same total
work volume

Formula 1. Pulmgren-Miner Rule: Fatigue Failure Model
with Various Loading

D(t)=D;(t)—H (1)

Formula 2. Muscle Damage over Time Taking Living
Tissue Healing Ability into Consideration

¥ofal figxn | faxz ) €
Formula 3. Two-factor Factorial Regression Model. .« :
Loading; -tx: Rest Interval.

Symptoms Increase
Over Time
High
Surgery
Lost Workday Case
Intensity OSHA Recordable
of Medical Visit
lliness
Discomfort
Low Sensation
Time —»

Figure 1. Cumulative Trauma Disorder (CTD)
Symptoms Increase Over time

Figure 2. Bicep Eccentric Exercise: Extended Posture

Downloaded from pro.sagepub.com at Stephen B. Thacker CDC Library on January 29, 2015

1092


http://pro.sagepub.com/

Proceedings of the Human Factors and Ergonomics Society 58th Annual Meeting - 2014 1093

References

Bernard, Bruce P. "Musculoskeletal Disorders and Workplace Factors: A
Critical Review of Epidemiologic Evidence for Work-Related
Musculoskeletal Disorders of the Neck, Upper Extremity, and Low Back."
(n.d.): n. pag. NIOSH - Centers for Disease Control and Prevention. U.S.
DEPARTMENT OF HEALTH AND HUMAN SERVICES, July 1997. Web.
1 Mar. 2014. <http://www.cdc.gov/niosh/docs/97-141/pdfs/97-141.pdf>.

"The Burden of Musculoskeletal Diseases in the United States | Home." The
Burden of Musculoskeletal Diseases in the United States: Prevalence,
Societal, and Economic Cost - Executive Summary. American Academy of
Orthopaedic Surgeons, 2008. Web. 01 Mar. 2014.
<http://www.boneandjointburden.org/>.

Chiang, Jasson, Yuh-Chiang Shen, Yea-Hwey Wang, Yu-Chang Hou, Chien-

Chih Chen, Jyh-Fei Liao, Min- Chien Yu, Chi-Wen Juan, and Kuo-Tong Liou.

"Honokiol Protects Rats against Eccentric Exercise-induced

"Backgrounder: Selected Medicines in Development for Musculoskeletal
Disorders | PARMA." Backgrounder: Selected Medicines in Development for
Musculoskeletal Disorders | PhRMA. Medicines in Development of Arthritis,
July 2011. Web. 10 Mar. 2014.
<http://www.phrma.org/research/backgrounder-selected-medicines-
development-musculoskeletal-disorders>.

Caldwell, Lee S., Don B. Chaffin, Francis N. Dukes-Dobos, K. H. E.
Kroemer, Lloyd L. Laubach, Stover H. Snook, and Donald E. Wasserman. "A
Proposed Standard Procedure for Static Muscle Strength Testing." American
Industrial Hygiene Association Journal 35.4 (1974): 201-06. Print.

Choi, Sang D., and Todd Woletz. "Do Stretching Programs Prevent Work-
related Musculoskeletal Disorders?" ASSE. The American Society of Safety
Engineers, Winter 2010. Web. 10 Mar. 2014
<http://www.asse.org/academicsjournal/archive/vol6no3/feature02.php>.

Clarkson, P.M., Tremblay, 1. (1988). Exercise-induced muscle damage, repair,
and adaptation in humans. J Appl Physiol 65, 1-6.

Clarkson, P.M., Nosaka, K., Braun, B. (1992). Muscle function after exercise-
induced muscle damage and rapid adaptation. Med Sci Sports Exerc 24, 512-
20.

Cleak, M.J., and Eston, R.G. (1992). Muscle soreness, swelling, stiffness and
strength loss after intense eccentric exercise. Br J Sports Med 26, 267-72.

Ebbeling, C.B., Clarkson, P.M. (1989). Exercise-induced muscle damage and
adaptation. Sports Med 7, 207- 234.

Evangelista, Anthony R., Rafael Pereira, C. Hackney, and Marco Machado.
"Rest Interval Between Resistance Exercise Sets: Length Affects Volume But
Not Creatine Kinase Activity or Muscle Soreness." International Journal of
Sports Physiology and Performance 6 (2011): 118-27. Web. 1 Mar. 2014.

Faulkner, J. A., S. V. Brooks, and J. A. Opiteck. "Injury to Skeletal Muscle
Fibers during Contractions: Conditions of Occurrence and Prevention."
Journal of the American Physical Therapy Association 73.12 (1993): 911-21.
Web. 1 Mar. 2014.

Faulkner, J., J. Opiteck, and S. Brooks. "Injury to Skeletal Muscle during
Altitude Training: Induction and Prevention." International Journal of Sports
Medicine 13.S 1 (1992): S160-162. Print.

Gallagher, Sean. "Fatigue Failure Theory May Explain Observed Force X
Repetition Interaction for Musculoskeletal Disorder Risk." Ergonomics 1.
Auburn University, Auburn. Fall 2013. Lecture.

Hashin, Z. "A Reinterpretation of the Palmgren-Miner Rule for Fatigue Life
Prediction."Journal of Applied Mechanics 47.2 (1980): 324. Print.

Hoogendoorn, W.E., Poppel, M.N., Bongers, P.M., Koes, B.W., & Bouter,
LM, (1999). Physical load during

work and leisure time as risk factors for back pain. Scand J Work Environ
Health, 25, 387-403.

Jones, D.A., Newham, D.J. Torgan, C. (1989) Mechanical influences on long
lasting human muscle fatigue and delayed-onset pain. J Physiol 412, 415-427.

Komi P.V., Buskirk E.R. Effect of eccentric and concentric muscle
conditioning on tension and electrical activity of human muscle. Ergonomics
1972; 15(4):417-34.

Liao, P., J. Zhou, L. L. Ji, and Y. Zhang. "Eccentric Contraction Induces
Inflammatory Responses in Rat Skeletal Muscle: Role of Tumor Necrosis
Factor- ." AJP: Regulatory, Integrative and Comparative Physiology 298.3
(2010): R599-607. Print.

Maes, J.D., Kravitz, L. (2003). "Treating and Preventing DOMS." N.p., n.d.
Web. 01 Mar. 2014.

"NATIONAL OCCUPATIONAL RESEARCH AGENDA (NORA)
NATIONAL MANUFACTURING AGENDA." NORA Manufacturing Sector
Council, 4 June 2010. Web. 1 Mar. 2014.

Newham, D. J., D. A. Jones, and P. M. Clarkson. "Repeated High-force
Eccentric Exercise: Effects on Muscle Pain and Damage." Journal of Applied
Physiology 63.4 (1985): 911-21. Web. 1 Mar. 2014.

Schwane, James A., Scarlet R. Johnson, Carol B. Vandenakker, and Robert B.
Armstrong. "Delayed-onset Muscular Soreness and Plasma CPK and LDH
Activities after Downhill Running." Medicine & Science in Sports & Exercise
15.1 (1983): 51+. Print.

Warren, Gordon L., Dawn A. Lowe, and Robert B. Armstrong. "Measurement
Tools Used in the Study of Eccentric Contraction-Induced Injury." Sports
Medicine 27.1 (1999): 43+. Print.

Marcus, Alon. "Massage/Mobilizations without Impulse." Musculoskeletal
Disorders: Healing Methods from Chinese Medicine, Orthopaedic Medicine,
and Osteopathy. Berkeley, CA: North Atlantic, 1998. 279-83. Print

Montgomery, Douglas C. "Introduction to Factorial Designs." Design and
Analysis of Experiments. 8th ed. N.p.: John Wiley & Sons, 2012. 201+. Print.

Thomas, Robert. "Musculoskeletal Cumulative Trauma Disorders."
Ergonomics 1. Auburn University, Auburn. Fall 2013. Lecture.

Wyss, James, and Amrish Patel. "Therapeutic Modalities." Therapeutic
Programs for Musculoskeletal Disorders. New York: Demos Medical Pub.,
2013. 3-13. Print.

Acknowledgement

This article was supported by Grant #2T420H008436 from
NIOSH. Its contents are solely the responsibility of the authors
and do not necessarily represent the official views of NIOSH.

Downloaded from pro.sagepub.com at Stephen B. Thacker CDC Library on January 29, 2015


http://pro.sagepub.com/

