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Abstract:  In excess of three million work-related musculoskeletal disorders (WMSDs) occur annually in the US, resulting in 
a total annual cost of approximately $200 billion.  These clearly represent a substantial burden to individuals, industry, and 
the medical system.  Overexertion injuries comprise the largest percentage of WMSDs (~25%), whose origin can be often 
traced to an inability of biological tissue to tolerate a given load.  Many current methods for assessing WMSD risks have not 
formally been evaluated for predictive validity, and thus their outputs have an unclear relation to physiological tissue 
damage.  This limitation presents a current impediment in our ability to accurately assess occupational tasks in terms of 
WMSD risk.  Biomarkers, however, can provide objective measures or indicators of physiological change, and growing 
evidence suggests that the origins, biological purposes, and levels of specific biomarkers can provide particular information 
regarding the state (or status) of collagenous and muscular tissue.  These biomarkers may thus be helpful in assessing WMSD 
risk by identifying tissue damage, especially when it is sub-clinical, and the use of biomarkers may overcome some 
shortcomings of current ergonomic methods.  However, there are several limitations in current knowledge regarding these 
biomarkers, and workplace-related impediments to their use, which must be addressed prior to their eventual application.  
This review will highlight the current state of knowledge concerning select biomarkers of collagen and muscle damage with 
regard to their potential advantages, research gaps limiting their current use, how and where biomarkers could be used in 
ergonomic evaluations, and workplace considerations necessary prior to implementing biomarkers as a WMSD risk 
assessment method. 
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1. INTRODUCTION 
 

Work-related musculoskeletal disorders (WMSDs) continue to present a substantial economic burden for employers, 
workers’ compensation, the medical system, and adverse health effects on employees.  In 2011 alone, about 3 million 
workplace injuries were reported in the US (BLS, 2011).  Among these, overexertion injuries in particular accounted for the 
majority of WMSDs (~25%), with indirect costs estimated as high as $200 billion (da Costa & Vieira, 2010).  Diverse tools 
have been developed to assess workplace tasks, but discrepancies between prevailing theories of injury causation and risk 
assessment methods suggest limitations in their sensitivity and specificity.    
 Current theory suggests that overexertion injuries are caused primarily by an inability of body tissues to withstand a 
given load (Kumar, 2001).  Such a direct relationship, though, is complicated by potential decreases in tissue tolerance over 
time (Marras, 2000) and influences of diverse personal factors such as psychological state, age, gender, and obesity (Steering 
Committee for the Workshop on Work-Related Musculoskeletal Injuries, 1998).  Many tissue tolerance limits stem from in 
vitro studies of muscles, vertebrae, and connective tissues (Brinckmann & Hilweg, 1989; Noyes, 1977).  Despite general 
agreement that the etiology of overexertion injuries is multivariate in nature (da Costa & Vieira, 2010; Marras, 2000), few 
current exposure and risk assessment methods account for multiple causal pathways.  Compounding the difficulty of 
determining causation, sub-clinical WMSDs often lack pathological symptoms, making their identification prior to injury 
more difficult (Vällfors, 1985).  These discrepancies between pathways of injury causation and risk assessment methods may 
limit the applicability of current methods to accurately determine WMSD risk. 
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2. BACKGROUND ON BIOMARKERS 
 
Biomarkers are defined as molecules or proteins “that can be objectively measured and evaluated as an indicator of 

physiological change” (Jain, 2010, pg. 1), and are closely aligned with theories of WMSD causation.  Since changes in select 
biomarkers can indicate sub-clinical physiological injury, they may act as surrogates for the “gold standards” that involve 
costly imaging technologies and invasive tissue biopsies.  Three biomarkers will be discussed here: Cartilage oligomeric 
matrix protein (COMP), Interleukin-6 (IL6), and Creatine kinase

 COMP is a protein endemic to cartilagenous tissue, the main purpose of which appears to be the stabilization of 
collagen fibers to support the extracellular matrix under mechanical stress (

 (CK), as these are a primary current research focus of the 
authors, and their biological roles are relatively well established.  It should be noted, though, that myriad other biomarkers 
exist. 

Muller, Michel, & Altenburg, 1998).  Cartilage 
degrades under mechanical stress, which ruptures cells and triggers the release of COMP into the bloodstream (Neidhart et 
al., 1997), while simultaneously a mechanosensitive promoter region responds by inducing COMP synthesis in cartilage 
tissue (Amanatullah et al., 2012), replenishing the supply to provide additional mechanical strength.  A number of studies 
have demonstrated that COMP levels are sensitive to physical loading, for example during running (Kim, Lee, & Kim, 2007), 
walking (Mündermann, Dyrby, Andriacchi, & King, 2005), and drop landings (Erhart-Hledik et al., 2012).  Thus, COMP is 
considered appropriate to represent the state of cartilagenous tissue, and temporal changes in COMP may help predict future 
cartilage injury. 
 Inflammatory cytokines, such as IL6, commonly act as signaling molecules, inducing both pro- and anti-
inflammatory effects to aid recovery (Nielsen & Pedersen, 2007).  The source of the majority of systemic IL6 has been traced 
to active muscle (Toft, Falahati, & Steensberg, 2011), where its expression is proportional to the intensity, duration, and mass 
of muscle used (Pedersen & Febbraio, 2008).  The purpose of IL6 is to suppress previously expressed inflammatory proteins 
(Starkie, Ostrowski, Jauffred, Febbraio, & Pedersen, 2003) and to induce collagen synthesis in tendons to aid recovery 
(Andersen, Pingel, Kjaer, & Langberg, 2011).  Increases in IL6 expression have been demonstrated in conjunction with 
general exercise (Wallberg, Mikael Mattsson, Enqvist, & Ekblom, 2011), cyclic loading of the lumbar spine in felines 
(D’Ambrosia et al., 2010) and humans (Yang, Marras, & Best, 2011), and in various types of lumbar disc herniation 
(Takahashi et al., 1996).  IL6 expression has also been correlated with the severity of upper-extremity WMSDs (Carp, Barbe, 
Winter, Amin, & Barr, 2007), making it a promising candidate for identifying sub-clinical muscle damage, inflammation, and 
WMSD risk. 
 CK has long been used in the medical community (Jain, 2010), as it is a muscle-specific enzyme that is released into 
the bloodstream following eccentrically induced cell rupture (Newham, Jones, & Edwards, 1986).  Consistent with this, 
transient CK increases have been shown throughout a marathon race proportional to the distance covered (Kim, Lee, & Kim, 
2009) and in response to repetitive lifting (Splittstoesser, Marras, & Best, 2012; Yang et al., 2011).  Furthermore, CK levels 
are often correlated with ratings of delayed onset muscle soreness (Magal et al., 2010).  One study demonstrated that CK may 
even be a more reliable indicator of muscle damage than magnetic resonance imaging (Sorichter et al., 1995).  Such evidence 
suggests that CK is a useful indicator of muscle damage that, in combination with IL6, indicates the state of muscle tissue. 
 
 

3. POTENTIAL CONFOUNDING FACTORS OF BIOMARKERS 
 

 Despite the observed changes in COMP, IL6, and CK following exposure to WMSD risk factors discussed above, 
the complexity of biological signaling pathways suggests that biomarkers are likely to be influenced by other factors besides 
physical stress, for example age, obesity, and gender.  If biomarkers are to be used in the workplace as a WMSD risk 
assessment tool, they should be able to account for differences between workers as well as the tasks they perform.    
 Numerous health decrements are associated with the process of ageing, such as a decreased muscle capacity (Degens 
& Korhonen, 2012), bone mineral content (Gomez-Cabello, Ara, Gonzalez-Aguero, Casajus, & Vicente-Rodriguaz, 2012), 
general low-grade systemic inflammation (Pedersen et al., 2000), and an overall impaired tissue recovery ability 
(Uciechowski & Rink, 2009).  Older adults generally have higher baseline levels of IL6 and a blunted peak value of CK 
compared to younger adults following eccentric exercise (Toft et al., 2002).  While age-related changes in COMP levels have 
not been studied, it has been suggested as a biomarker of age-associated arthritis (Zivanovic et al., 2011).   
 Obesity, defined as a BMI ≥ 30, is correlated with increased biomechanical stresses, and there is medical evidence 
for increased systemic inflammation and inhibited tissue repair capacity due to the abundance and volume of adipose tissue 
(Nieman et al., 1999).  BMI was the attribute most highly correlated with IL6 in a population-based survey (Christian et al., 
2011) due to the large proportion of systemic IL6 expressed in adipose tissue.  Further, higher IL6 levels occur following 
exercise among individuals who are obese compared to non-obese individuals (Galassetti et al., 2011).  The effects of obesity 
on CK and COMP have not been established; however, the latter is expected to be positively correlated with BMI due to 
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greater cartilage loading.   
 Finally, there is evidence that females are at an increased risk for developing WMSDs (da Costa & Vieira, 2010).  
Following a maximum exercise protocol, females showed a continual increase in IL6 after 60 minutes, while levels in males 
began to decrease, indicating possible differences in tissue recovery (Edwards, Burns, Ring, & Carroll, 2006).  CK levels 
appear to be primarily increased in males following concentric exercise (Stupka et al., 2000), possibly due to greater muscle 
mass or differences in strength.  If biomarkers are to be used as a risk assessment tool, they should be sensitive to differential 
WMSD risks between genders when performing comparable tasks (at least in some circumstances). 
 The evidence presented above suggests that our understanding of factors that influence biomarkers is incomplete.  
Before biomarkers can be implemented as part of an ergonomics program, more research is clearly needed to understand the 
influence of other contributing factors, for example so that levels can be adjusted to reflect primary influences of 
physiological damage.  Existing studies have typically not controlled for differences between individuals, which may 
partially explain the discrepancies between evaluations using current risk assessment methods and observed WMSD 
incidence.  An ability to account for these differences may enable an improved WMSD risk assessment.   
 
 

4. FOR THE USE OF BIOMARKERS IN THE WORKPLACE 
 

 A potential advantage of biomarkers over current risk assessment methods is that they could be used in both 
proactive ergonomic programs, as recommended by the National Institute of Occupational Safety and Health (NIOSH) 
(Cohen, Gjessing, Fine, Bernard, & McGlothlin, 1997), and as part of workers compensation litigation scenarios.  Although 
the former is preferred, the latter may be a useful byproduct of a biomarker monitoring system.  Proper implementation of a 
biomarker-based ergonomics program in the workplace will, however, require certain protocols to support valid conclusions 
about WMSD risk. 

Under the assumption that biomarkers do validly predict the risk of WMSDs, a biomarker monitoring program 
would enable an employer to determine, as an example, which tasks or workstations exceed safe levels of sub-clinical 
physiological injury.  Unlike many current risk assessment methods, which mainly consider task-related parameters, 
biomarker analyses may account for differential physiological damage between workers based on individual tissue tolerances 
and, therefore, could support job reassignment versus redesigning a task.  Establishing a detailed medical history at the time 
of employment, and keeping this updated throughout the working career is important to interpret biomarker levels.  For 
example, and besides age, BMI, and gender, a history of MSDs and pain has been shown to predict future WMSDs (Eriksen, 
Bruusgaard, & Knardahl, 2004) and increase baseline biomarker levels (Carp, Barr, & Barbe, 2008).  Establishing temporal 
associations between biomarker levels within individuals is also essential.  Physiological damage after task exposure can only 
be inferred when biomarker levels are compared to a baseline measure, whether these are pre-employment levels or at the 
beginning of a working day, week, or month.  Baseline levels should generally be obtained after at least 48 hours (i.e. a 
weekend) of limited physical activity, to allow for biomarkers to completely subside from previous exposures (Kim et al., 
2009; Yang et al., 2011).  Pre-employment physical testing is also common and has been shown to predict WMSD risk 
(Rosenblum & Shankar, 2006).  In an analogous application, prior to task or workstation assignment, workers could be 
exposed to physically demanding tasks while determining biomarker levels before and after exposure.  Continuous biomarker 
monitoring would also elicit useful information regarding the physiological damage and WMSD risk experienced over longer 
periods (days, weeks, and even months of task exposure).  However, cost may be a limiting factor for the implementation of 
biomarker monitoring, and a more randomized testing scheme applied to detect general trends of WMSD risk may be more 
feasible.   

It should be noted that identifying potentially hazardous levels of sub-clinical physiological damage is only one step 
in a proactive ergonomic program.  After identifying tasks or workstations with high WMSD risk, current ergonomic 
assessment tools could be used to determine task parameters (forces, repetitions, postures, etc.) that contribute most to this 
risk.  Together, this information can then be used to more effectively assign workers to tasks or workstations, implement 
worker rotation schedules, add worker aides, or redesign tasks as necessary to reduce the risk of WMSDs.  Follow-up 
biomarker analyses can then be used to objectively assess the efficacy of the ergonomic intervention in terms of WMSD risk.  

As mentioned previously, a workplace biomarker monitoring program may also help ensure the legitimacy of 
workers compensation claims.  In order to receive compensation, an employee must report the injury to the employer, who 
often requires that a medical doctor document the presence of an injury.  Doctors must account for a multitude of factors, 
such as event(s) leading to the injury, prior medical history, and workplace exposures, in order to verify the work-relatedness 
of the injury.  In litigation cases, a judge must then evaluate all the evidence and testimonies to decide if workers 
compensation is justified (Rogers, 2000).  This is especially difficult when assessing an overexertion injury that arose from 
an accumulation of sub-clinical damage, as the contribution of work-related exposure is not always clear.  When a claim is 
legitimate, comparing biomarker levels before and after the injury will support the worker’s claim.  By using the same 
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information gleaned during regular biomarker monitoring, a number of false claims could be detected.  For example, should 
an off-the-job injury occur, this may be detected by treating an end-of-day biomarker level as the baseline and comparing 
before-work levels the next day.  Since biomarker levels typically subside after removal of physical stress, an increase while 
off-the-job could indicate other potential injury sources.  When required by the employer, an employee must submit an 
accurate medical history to minimize exacerbation of past injuries with job placement.  Should pre-employment levels be 
higher than expected, even after accounting for personal factors and previous injuries, this may indicate omitted or false 
information and warrant further investigation.  Exaggeration of injuries could also be detected by biomarkers, if levels 
experienced after injury do not match those typically seen in research.  Biomarker levels may also be used during injury 
recovery, by helping to determine return to work status.  It is important to note that, due to the potential for confounding of 
biomarker levels, biomarkers will likely only indicate the need for further investigation before a medical professional can 
assess and a judge can rule on a claim.  
 
 

5. ETHICAL AND LEGAL CONSIDERATIONS FOR IMPLEMENTATION OF A BIOMARKER 
PROGRAM 

 
 Before biomarkers can be instituted as part of a comprehensive ergonomics program, a number of ethical issues 
must be considered.  A recent report offered a model of ethical concerns surrounding the use of biomarkers in the workplace, 
and was developed by interviewing seven groups of stakeholders: workers, occupational health physicians, occupational 
health nurses, researchers, employers, union representative, and public insurance representatives (Caux, Roy, Guilbert, & 
Viau, 2007).  It is not surprising that confidentiality was the greatest concern when using blood samples.  As biomarkers 
reflect the medical status of a worker, similar to medical histories, this information must be kept confidential, possibly by 
anonymizing results.  Interpretation of blood samples ranked second, in that the complexity of biological systems suggests 
most biomarkers may indicate other medical conditions besides physiological damage.  Thus, when biomarker levels are 
obtained it is important to limit the interpretation to the physiological damage and WMSD risk they represent.  This reiterates 
the importance of submitting an accurate medical history and keeping it up to date.  The Americans with Disabilities Act 
(ADA) of 1990 states that employers may not inquire about any form of disability prior to making an employment offer and 
further must make adequate accommodations for workers disabled on the job (Department of Justice, 1990).  Consequently, 
any pre-employment screening to determine biomarker baseline levels and obtain the medical background must occur only 
after an employment offer has been accepted.  To adequately protect the employer and employee, consent must be obtained 
for all the possible uses of biomarkers.  This includes details on the exact biomarkers to be investigated, limitations of the 
interpretation of them, and their purpose in protecting the employee from WMSDs but also in protecting the employer in the 
case of potentially job-related injury.  Although the Genetic Information Nondiscrimination Act (GINA) of 2008 explicitly 
excludes biomarkers as defined here, it addresses the necessity to limit analysis of blood samples to the biomarkers described 
when obtaining consent from the employee.  In unionized workplaces, employers will need to work closely with the union 
representatives to ensure the rights and confidentiality of the workers are maintained.  As long as these concerns regarding 
confidentiality, consent, and interpretation are addressed, biomarker monitoring may be a valuable component to an 
ergonomic evaluation program. 

 
 

6. CONCLUSIONS 
 

 Biomarkers show promise as a new WMSD risk assessment tool that may offer advantages over some current 
methods, since biomarkers can objectively indicate physiological damage on an individual basis.  Prior to implementation in 
an ergonomic program, though, a clearer understanding is needed of biomarker changes related to WMSD risk and the 
influence of confounding factors.  If care is taken to establish temporal patterns relative to a baseline, biomarkers may be 
integrated as part of a proactive ergonomic WMSD risk assessment tool and simultaneously aid employers in some workers 
compensation litigation scenarios.  In these contexts, biomarkers might best be combined with traditional risk and exposure 
assessment tools to identify contributing factors to WMSD risk. Finally, there are a number of important ethical and legal 
limitations that need to be considered when contemplating the use of biomarker-based WMSD risk assessment. 
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