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Abstract 

 

The causes of Work-Related Musculoskeletal Disorders (WMSDs) are multifactorial, 

with the exact pathogenesis being unknown. Current literature provides information on several 

studies that investigate the role of physical and individual risk factors, but very few take a 

holistic approach of studying multiple risk factors across multiple body segments. This proposed 

study addresses this research gap by exploring associations between a) Physical/Job-related, b) 

Individual, c) Psychophysical and d) Psychosocial risk factors and WMSDs in manufacturing 

environments, especially in the automotive sector that is characterized by highly repetitive tasks 

and component assembly. This study can facilitate true personalization of a job by investigating 

the combined impact of multiple risk factors simultaneously which can contribute to more 

accurate and specific risk assessments such as body segment risk for a specific employee 

working on a particular job. This study is a retrospective analysis of cross-sectional data 

collected by Dr. Richard Sesek along with a team of medical and engineering researchers for the 

UAW-Ford National Joint Committee on Health and Safety. The purpose of the original study 

was to analyze existing ergonomic assessment tools and propose an improved ergonomic tool to 

assess risks associated with automotive manufacturing and assembly tasks for the “average” Ford 

employee. 
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1. Introduction 

 

1.1 Background & Significance 

Work-Related Musculoskeletal Disorders (WMSDs) are a leading cause of health 

problems and are responsible for lost-work days and a significant proportion of 

workplace injuries (Bernard et al., 1997; Silverstein & Clark, 2004). These include 

injuries affecting the muscles, tendons, ligaments, joints, nerves, and blood vessels 

(Nurmianto et al., 2015; Laura Punnett & Wegman, 2004a). WMSDs are not only the 

most common cause of severe long-term pain and disability amongst occupational 

workers worldwide (Westmorland & Williams, 2002) but, also severely impact quality of 

life and results into loss of mental wellbeing (Qutubuddin S M et al., n.d.). WMSD’s 

carry a heavy economic burden in terms of direct costs such as workers’ compensation 

(Leigh et al., 2001; Occupational Safety & Health (OSHA), n.d.). It is estimated that 

employers pay approximately one billion per week in workers’ compensation costs alone 

(Occupational Safety & Health (OSHA), n.d.). Other indirect costs include lost 

productivity, costs associated with hiring, and training new employees (Bhattacharya, 

2014; Xu et al., 2012). 

From 1992 to 2010, WMSDs accounted for 29-35% of all occupational injuries 

and illnesses involving days away from work in private industries (AFL-CIO, n.d.; 

Bhattacharya, 2014). The aggregate impact of WMSDs is increasing rapidly with $54 

billion in total direct costs in 1998 (Morse & Charles, 1998) to $ 796.3 billion in 

combined costs from 2009 to 2011 (Yelin et al., 1995, 2016).  
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The Automotive industry is characterized by assembly line type operations, which 

have been linked to several WMSDs and health risks (Guerreiro et al., 2017). There is a 

high prevalence of WMSDs in such assembly type of operations that include physical 

risk factors such as high repetition, increased work pace, high force, high speed of work, 

awkward posture, heavy physical activity, temperature, and vibration (Anita et al., 2014; 

da Costa & Vieira, 2010; Occhipinti & Colombini, 2016). Moreover, WMSDs occur at a 

higher rate in the automotive industry as compared to other manufacturing industries 

(Nur et al., 2014). Ergonomic interventions aimed to reduce these risk factors often 

involve changing or improving the job or the workstation (Draicchio et al., 2012; Drury 

et al., 2008) by providing better tools or making appropriate work process changes 

(Hakkanen et al., 1997). However, the interaction of the employee’s personal 

characteristics with the physical risk factors associated with the job are often ignored. 

 

1.2 Systematic Literature Review 

Since the automotive manufacturing is a unique environment, a systematic 

literature review was conducted to identify existing studies that specifically explore the 

role of multiple risk factors and WMSDs. The scope of the review was limited to the 

automotive manufacturing sector and was conducted in the following steps: 

1.2.1 Database Selection: 

Ergonomic Abstracts, MEDLINE, and CINAHL were the databases 

selected to conduct the review. 
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1.2.2 Key-word Search: 

The Search was conducted using keywords and logical/Boolean operators 

(AND/OR). Keywords used were intentionally kept broad to capture the 

maximum number of studies currently available. The final keyword search is as 

follows: 

[((Automotive) OR (Automotive Manufacturing) OR (Automotive Industry))  

AND 

((Musculoskeletal disorders) OR (Musculoskeletal pain) OR (Musculoskeletal 
injuries) OR (WMSD))] 

 

1.2.3 Filters, Expanders and Limiters: 

No study was excluded based on its year or the geography/location. The 

search was expanded to “Apply equivalent subjects” and “Apply related words” 

which resulted in 210 search results. The search was then filtered to only allow 

articles available in the English language which resulted in 144 search results. 

The search was further limited by source to published journals, journal articles 

and books, and studies conducted on humans. An exclude filter was also applied 

to avoid duplication between the CINAHL and MEDLINE databases which 

resulted in 102 search results. Further, exact duplicates were removed which 

resulted in 81 search results. 
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1.2.4 Title Review 

A title review of the search results was conducted, and articles relating to  

Road crash, Accidents, Performance of hand tools, and In-vehicle comfort were 

removed which resulted into 61 articles. 

 

1.2.5 Abstract Review 

An abstract review was conducted following the title review, and articles 

related to Workstation evaluation, Ergonomic tool application, Job-rotation 

strategies & effects, and Participatory ergonomics/exercise & stretching 

programs were removed which resulted into 49 articles. 

 

1.2.6 Paper Review 

Forty-nine articles were reviewed following the abstract review, out of 

which papers that were related to Simulation of tasks, Simulation of muscular 

adaptation to tasks, Effectiveness of a particular assembly jig/rig, Using Surface 

Electro-Myography, Surface thermography, Job-balancing, and Reliability 

analysis were excluded which resulted into 11 articles. A summary of the articles 

identified after a systematic review is presented in Table 1. 
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Table 1: Systematic Literature Review Results 

No Author Year Title Study  
Type N Body  

Part Case Definition Predictors/Influencers 
Identified 

Conclusion Affiliation 

1 (L. Punnett et 
al., 2004a) 2004 

Ergonomic stressors and 
upper extremity 
musculoskeletal 
disorders in automobile 
manufacturing: a one 
year follow up study. 

Prospective 820 Upper 
Extremity 

1) Discomfort & pain in 
the last year 

 
2) At least 12 occasions 

of pain occurrence 

1) Gender 
2) Previous UE injury 
3) Baseline physical 

examination  
4) High job demand/low 

job control  
5) High body mass index  
6) Job change at follow 

up  

Significant associations exist 
between UEMSDs and exposure to 
combined ergonomic stressors. 

UAW 
Ford 

2 (Werner et al., 
2005b) 2005 

Risk factors for visiting a 
medical department 
because of upper-
extremity 
musculoskeletal 
disorders. 

Prospective 279 Upper 
Extremity FTOV 

1) ACGIH TLV 
2) Diagnoses of CTS 
3) Diagnoses of Elbow 

tendonitis 
4) Diabetes 
5) Age > 40 

Both ergonomic and past medical 
history are risk factors for an upper-
extremity musculoskeletal disorder 
and suggests that there is a healthy 
worker or survivor effect among 
older workers. 

UAW 
GM 

3 (Gold et al., 
2005) 2005 

Digital vibration 
threshold testing and 
ergonomic stressors in 
automobile 
manufacturing workers: 
a cross-sectional 
assessment. 

Cross sectional 1174 

Head/Neck 
 

Shoulder 
 

Upper 
Extremity 

Vibration Threshold 
measured by a modified 
Borgs scale (0-3) 

1) High hand force 
2) Floor vibration 

(WBV)  
3) Posture  
4) Physical effort 
5) Contact Stress 

Awkward postures, contact stress, 
and hand force factors may be 
associated with self-reported 
vibration thresholds UAW 

Ford 

4 (Werner et al., 
2005a) 2005 

Predictors of Persistent 
Elbow Tendonitis 
Among Auto Assembly 
Workers. Prospective 45 Elbow 

Medial or lateral 
epicondyle tenderness 
diagnosed through 
palpation 

1) Repetition 
2) Decision Authority 
3) Peak wrist 

flexion/extension 
4) Age 

Older workers with jobs requiring 
more repetition and awkward wrist 
postures, and less decision 
authority were less likely to have 
resolution of their elbow tendonitis. 

UAW 
 GM 

5 (Carnide et al., 
2006) 2006 

Interaction of 
biomechanical and 
morphological factors on 
shoulder workload in 
industrial paint work. Cross sectional 29 

Shoulder 
 

Hands & 
Wrist 

Pain 

1) Biomechanical 
2) Morphological (Endo, 

Ecto, Meso) 

Pain was the only estimator that 
could predict the risk of occurrence 
of musculoskeletal symptoms. 
Multifactor linear analysis showed 
that some linear and combined 
anthropometric characteristics 
could be associated to a higher 
workload on the shoulders and 
upper limbs. 

 - 

6 (Gold et al., 
2006) 2006 

Pressure pain thresholds 
and musculoskeletal 
morbidity in automobile 
manufacturing workers. Prospective 519 Upper 

Extremity 

Upper extremity pressure 
pain thresholds  
 
(Identified by applying 
pressure applied on skin)  

1) Gender 
2) Grip strength 
3) Pain severity 
4) Functional impairment 

score 

Pain Pressure Thresholds (PPTs) 
were associated with signs and 
symptoms of UEMSDs, after 
adjusting for gender, age and grip 
strength. 

UAW 
Chrysler 
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Table 2: Systematic Literature Review Results (continued) 

 

7 
(el ahrache 
& Imbeau, 
2009) 

2009 

Comparison of rest 
allowance models for 
static muscular work. Prospective 7 Shoulder   

Rest allowance  Shoulder requires more rest than 
other muscle groups 

 - 

8 

(F.A. Seamana, 
W.J. Alberta,∗, 
N.R.E. 
Weldona, 2010) 

2010 

Biomechanical shoulder 
loads and postures in 
light automotive 
assembly workers: 
Comparison between 
shoulder pain/no pain 
groups. 

Cross sectional 79 Shoulder Pain 

1) Shoulder posture 
2) Peak load 
3) Cumulative load 

Individuals working some jobs may 
be at an increased risk of 
developing MSDs based on the 
amount of time spent in flexed 
postures, as well as the peak flexion 
moment acting on the shoulder. 

 - 

9 (Grobler, 2013) 2013 

Self-reported work-
related musculoskeletal 
injuries and isometric 
handgrip strength. 

Cross sectional 206 Any  
Pain in past 7 days 

Weak hand grip (did not 
predict) 

Weak handgrip did not predict 
increased risk of od 
musculoskeletal injuries.  - 

10 (Valirad et al., 
2015) 2015 

Interaction of Physical 
Exposures and 
Occupational Factors on 
Sickness Absence in 
Automotive Industry 
Workers. 

Cross sectional 758 Any Days absent due to 
sickness 

1) Blue collar jobs & 
Shift work 

2) Bending  
3) Twisting  
4) Lifting  
5) Vibration 

Identifying controllable factors of 
sickness absence and trying to 
prevent and modify them such as 
compliance of ergonomic principals 
to decrease physical can be 
effective in reducing sickness 
absence. 

-  

11 (Hausmanninger 
et al., 2019) 2018 

Hand as hammer: A 
comprehensive review of 
biomechanical studies 
related to occupational 
hand strikes. 

Review   Arm & 
Wrist - 

1) Peak Force 
2) Acceleration  
3) Impulse  
4) Use of gloves 

The higher the repetition rate of 
strikes, the smaller the subjectively 
acceptable peak force and impulse. 
 
Ulnar posture shows increased peak 
stresses on the target, a higher 
effective mass, as well as smaller 
peak accelerations and impulses 
during hand impact. 
 
High acceleration values during 
palm strikes should be regarded as 
a risk factor for progressing stress 
in hand structures. 
 
Larger skinfold thickness or the use 
of gloves can reduce stress in 
tissues of the hand and wrist by 
decreased maximum accelerations 

 - 
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1.3 State of Art 

Several studies conducted in a manufacturing/industrial setting have investigated 

the role of individual risk factors such as gender (Maj et al., 1999), age (Villanueva & 

Garcia, 2011), Body Mass Index (BMI) (Tsai et al., 1992b), smoking status (Tsai et al., 

1992a), anthropometry (Smedley et al., 1995), and years of experience of work, as well 

as presence of pre-diagnosed medical conditions (da Costa & Vieira, 2010) to predict 

WMSDs. Further, several epidemiological studies have also explored the role of 

psychosocial factors such as monotonous work, lack of job control, time pressure and 

poor employee-supervisor relationships as risk factors to develop WMSDs (Èns et al., 

2001). The causes for developing a WMSD are multifactorial, however, many studies 

focus on only one or two risk factors at a time and typically only on one body part or 

region. For example, (Govindu & Babski-Reeves, 2014) studied the effects of personal, 

psychosocial, and occupational factors only on low-back pain severity. Bao et al (Bao et 

al., 2016)studied the relationships between job organizational factors, biomechanical and 

psychosocial factors and WMSDs. (Gerr, Fethke, Merlino, et al., 2014) published two 

separate studies: first on the effects of physical risk factors  and later, effects of 

psychosocial stress and work-organizational factors on WMSDs (Gerr, Fethke, Anton, et 

al., 2014). 

The 11 articles identified in the literature review, did analyze the role of some risk 

factors on individual body parts, but none of the articles presented a holistic perspective 

by addressing multiple risk factors across all anatomical sites. 

The exact pathogenesis and etiology of developing a WMSD are multifactorial 

and involve a complex combination of physical, individual, and psychosocial risk factors, 
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all of which should be addressed for an effective ergonomic intervention (Boocock et al., 

2009; da Costa & Vieira, 2010). This study not only considers the risks associated with 

performing a repetitive job but also considers risk factors related to the employees 

themselves. The results from this study can potentially enable industry to more accurately 

predict the risks of developing an injury on a body segment for a specific employee, 

working on a particular job. Moreover, applying advanced data analysis tools such as 

Machine Learning (Cimmino et al., 2011; Harden et al., 2007; Harrington et al., 1998; 

Sluiter’ et al., n.d.) to develop a holistic predictive model in the automotive sector could 

prove to be a breakthrough in the field of applied ergonomics. Data related to the 

personal characteristic of the employee were collected using a Nordic-style 

musculoskeletal questionnaire. The Nordic Musculoskeletal Questionnaire has been 

shown to be an effective, sensitive and repeatable tool to assess personal discomfort 

(Cimmino et al., 2011; Harden et al., 2007; Harrington et al., 1998; Sluiter’ et al., n.d.). 

Additionally, this study has potential to further validate the Nordic Musculoskeletal 

Questionnaire and form a solid foundation for a database that can be used to test future 

hypotheses formulated by researchers in the field of epidemiology and injury prevention. 

1.4 Original Study 

A request for proposal was offered by the United Auto Workers (UAW)-Ford 

National Joint Committee on Health and Safety (NJCHS), which was comprised of 

members from UAW and Ford Motor Company to enable the development of a unique 

risk evaluation tool that could be widely used in Ford Motor Company’s manufacturing 

facilities. The University of Utah (UU) and the University of South Florida (USF) 

submitted a joint proposal that was accepted by the UAW-Ford NJCHS. 
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A cross-sectional study was performed by an interdisciplinary team of researchers 

from UU and USF for 1,016 production employees (735 males, 274 females) across six 

manufacturing plants. The plants included in the study were: (1) a small-component 

production plant in Rawsonville, Michigan, (2) a vehicle assembly plant in Louisville, 

Kentucky, (3) a heater and air-conditioning component plant in Plymouth, Michigan,  (4) 

an engine assembly plant in Lima, Ohio,  (5) a transmission assembly plant in Livonia, 

Michigan,  and (6) a metal Stamping plant in Woodhaven, Michigan. Employees ranged 

from 20 to 70 years of age (mean = 41.54, SD = 10.94); additional demographic 

information is presented in Table 1. The plants were selected to present a representative 

cross-section of Ford Motor Company operations and to allow results to be generalized 

across Ford. 

Subjects (employees) were chosen randomly in accordance to the Institutional 

Review Board (IRB) requirements set forth by UU and USF. All subjects willingly 

agreed to participate in this study without any coercion or financial incentives, and no 

one was excluded based on their gender, race, ethnicity or age. Data were stored in an 

anonymized and aggregated format with no personal identifiers. The subjects were 

entered as a four digit “Subject ID”; likewise, jobs were assigned separate four digit “Job 

IDs”. Table 1 describes the demographic characteristics of the subjects in the original 

study. The demographic characteristics presented are gender, age, Body Mass Index 

(BMI), years of experience, smoking status, presence of pre-diagnosed medical 

conditions, job shift worked by the employees and the distribution of subjects across the 

six sites. Significant differences were found in the demographic characteristics of 

employees across the difference sites and are discussed below. 
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Table 2: Demographic Characteristics of Employees (Subjects) 

Demographic 
Characteristics 

Total 
N = 1,016 

N(%) 
Gender (Valid n = 1,009) 

 

Male 735 (72.3) 
Female 274 (27) 

Age, years (Valid n = 1,016) 
 

20 - 30 232 (22.8) 
31 - 40 239 (23.5) 
41 - 50 324 (31.9) 
51 - 60 176 (17.3) 

> 60 45 (4.4) 
BMI  (Valid n = 1,001) 

 

Normal 302 (29.7) 
Overweight 436 (42.9) 

Obese 263 (25.9) 
Experience (Valid n = 1,016) 

 

< 3 years 607 (59.7) 
3 - 5 years 243 (23.9) 

6 - 10 years 97 (9.5) 
> 10 years 69 (6.8) 

Smoking (Valid n = 1,016) 
 

Current Smoker 367 (36.1) 
Ex-Smoker 241 (23.7) 

Never Smoked 408 (40.2) 
Comorbidities/pre-existing conditions (Valid n = 1,016) 

 

No 750 (73.8) 
Yes 266 (26.2) 

Job Shift (Valid n = 1,013) 
 

Day Shift 579 (57) 
Swing Shift 434 (42.7) 

Site (Valid n = 1,016) 
 

Rawsonville, MI (Small Parts) 120 (11.8) 
Louisville, KY (Final Assembly) 245 (24.1) 

Plymouth, MI (HVAC) 152 (15) 
Lima, OH (Engine) 188 (18.5) 

Livonia, MI (Transmission) 148 (14.6) 
Woodhaven, MI (Stamping) 163 (16) 
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1.5 Site Differences 

Multiple statistical analyses are used to determine differences in subject 

demographics by gender, age, BMI, and experience.  

1.5.1 Gender: 

Chi-square test is used to determine if there are differences in gender across the six 

manufacturing facilities. 

Table 3: Site-wise Gender Distribution 

Table 4: Site Differences - Gender: Chi-Square Test Results 

  Value df  Significance 
Pearson Chi-Square 35.851 5 0.001 
Likelihood Ratio 37.560 5 0.000 
Linear-by-Linear Association 0.001 1 0.974 
N of Valid Cases 1009     

 

 

Site Gender Total 
Male Female 

Small Parts 88 32 120 
Final Assembly 175 67 242 
HVAC 91 59 150 
Engine 162 25 187 
Transmission 114 34 148 
Stamping 105 57 162 

Total 735 274 1009 

Figure 1: Site-wise Gender Distribution (%) 
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1.5.2 BMI: 

Analysis of Variance (ANOVA) is used to determine differences in BMI across 

the six manufacturing facilities. 

Table 5: Site-wise Differences in BMI 

 

 

 

 

 

  
 

 
Table 6: Site-wise Differences in BMI - ANOVA Result

Site N Mean Std.  
Deviation 

Min Max 

Small Parts 120.00 28.75 5.40 18.30 54.80 
Final Assembly 242.00 26.37 3.94 17.80 42.00 
HVAC 149.00 27.41 4.64 16.10 41.80 
Engine 185.00 28.16 4.50 17.00 43.80 
Transmission 146.00 28.47 5.01 16.00 45.40 
Stamping 159.00 27.09 4.95 18.40 44.60 

Total 1001.00 27.56 4.73 16.00 54.80 

 
Sum of Squares df Mean Square F Sig. 

Between Groups 738.24 5.00 147.64 6.78 0.001 
Within Groups 21655.17 995.00 21.76 

  

Total 22393.41 1000.00 
   

Figure 2: Site-wise Differences in BMI 
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1.5.3 Age:  

ANOVA is used to determine differences in age across the six manufacturing 

facilities. 

Table 7: Site-wise Differences in Age 

 

 

 

 

 

 

 

Table 8: Site-wise Differences in Age - ANOVA Results 

 

Sites N Mean Std. Dev Min Max 
Small Parts 120.00 41.99 11.45 21.38 68.25 
Final Assembly 245.00 37.48 8.31 21.52 64.35 

HVAC 150.00 38.82 9.89 20.26 65.44 
Engine 188.00 50.60 6.97 22.68 67.31 
Transmission 146.00 45.85 10.58 23.25 67.00 
Stamping 162.00 35.46 10.97 21.00 70.86 

Total 1011.00 41.54 10.95 20.26 70.86 

 
Sum of Squares df Mean Square F Sig. 

Between Groups 29309.89 5 5861.97 64.25 0.001 
Within Groups 91686.72 1005 91.23 

  

Total 120996.6 1010 
   

Figure 3: Site-wise Differences in Age 
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1.5.4 Experience:   

ANOVA is used to determine differences in age across the sic 

manufacturing facilities. 

Table 9: Site-wise Differences in Experience (years) 

 

 

 

 

 

 

Table 10: Site-wise Differences in Experience (years) - ANOVA Results 

Site N Mean Std. Dev Min Max 

Small Parts 120.00 3.86 5.50 0.00 35.00 

Final Assembly 245.00 3.48 3.47 0.04 25.00 

HVAC 152.00 1.90 2.47 0.00 14.00 
Engine 188.00 4.90 5.96 0.00 39.00 
Transmission 148.00 3.72 3.88 0.01 16.00 

Stamping 163.00 1.77 2.35 0.04 20.00 

Total 1016.00 3.31 4.26 0.00 39.00 

 
Sum of 
Squares 

df Mean 
Square 

F Sig. 

Between Groups 1232.9 5 246.58 14.47 0.001 
Within Groups 17201.03 1010 17.03 

  

Total 18433.94 1015 
   

Figure 4: Site-wise Differences in Experience (years) 
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1.6 Types of Data Collected 

Three types of data were collected: 

(1) Ergonomic Data & Video – Two-person teams were present at each facility 

to collect data: they completed a minimum question set form [Appendix 4] while 

observing and video-taping the subjects who were carrying out their respective tasks. 

These data can be broadly classified as: a) Job Requirements, b) Ergo analyses, and c) 

Ergo assessment tools. This consisted of job-specific data such as number of repetitions, 

exposure to vibration, etc., data related to the general working environment such as light 

conditions, access to floor mats, exposure to background noise, etc., and elements of 

various ergonomic assessment tools that were commonly used at the time of data 

collection. 

The purpose of the original study was to compare several ergonomic assessment 

tools and identify the most predictive elements from those tools to create a unique risk 

evaluation and surveillance tool that best suited operations and employees at the Ford 

Motor Company’s manufacturing facilities. The tools used for this purpose were: a) The 

OSHA Checklist (OSHA, 1995), b) The Strain Index (Moore & Garg, 1995), c) Rapid 

Upper Limb Assessment (RULA) (Mcatamney & Corlett, 1993), d) Rodgers’ Model 

(Rodgers, 1992), e) ALPHA/BETA Model (Ford Motor Company, 1994), f) Liberty 

Mutual Psychophysical Tables (“Snook Tables”) (Snook & Ciriello, 1991), and g) Expert 

Opinion (Expert opinion of the on-site field ergonomists collecting the data). 

(2) Structured Interview Data – Subjects were individually interviewed by 

Occupational Health Nurses (OHNs) and Occupational Therapists (OTs) with a self-



29 
 

administered Nordic-style questionnaire for symptoms [Appendix 2]. This style of 

questionnaire has been widely used and accepted to evaluate WMSDs in the workplace 

(Cimmino et al., 2011; Harden et al., 2007; Harrington et al., 1998; Sluiter’ et al., n.d.). 

The subjects were asked general questions regarding their job history followed by a front 

and back body map where the subjects were instructed to shade all areas of discomfort. 

The OHNs and OTs then followed this by completing a detailed structured interview 

regarding outcomes for all body regions (Head/Neck, Shoulder, Elbow, Hand/Wrist, 

Low-Back, Hip, Knee, and Ankle/Feet) indicated as having discomfort.  

(3) Medical Data – A cursory medical exam was conducted by Occupational 

Medicine (OM) physicians on each subject. The OM physicians were blinded to the 

structured interviews conducted by the OHNs and OTs and conducted this examination 

on the subjects across the same body regions (Head/Neck, Shoulder, Elbow, Hand/Wrist, 

Low-Back, Hip, Knee, and Ankle/Feet). This Medical form [Appendix 3] contained 

information on tenderness, physical abnormalities, decreased range of motion (ROM), 

etc. Physician “diagnoses” were imputed from the medical data based on combinations of 

physicians’ findings. It should be noted that OM doctors were also blinded to patient 

history and were instructed specifically not to ask the subjects about past injuries or prior 

diagnoses, so as not to be biased by this information. The outcomes from the structured 

interview data will be compared to OM diagnoses allowing an analysis of the congruence 

of these health outcome measures.  
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Chapter 2: Pain & Discomfort – Prevalence, Characteristics, Consequences, and Risk 
factors 

 

2.1 Introduction 

The automotive industry and OEM’s (Original Equipment Manufacturers) have a 

rapid production schedule which generally consists of highly repetitive assembly 

operations and tasks due to which contribute to a high prevalence of WMSDs (Anita et 

al., 2014). Literature suggests that WMSDs also occur at a higher rate in the automotive 

industry as compared to other manufacturing industries (Nur et al., 2014). 

The purpose of this study is to identify the prevalence of musculoskeletal pain and 

discomfort among the subjects in the automotive database, followed by the characteristics 

and consequences of musculoskeletal pain and discomfort. This study also identifies 

preliminary risk factors associated with musculoskeletal pain and discomfort. 

However, before beginning analyses, it is important to setup the database in a 

manner where the unit of exposure is the employee/subject. 

 

2.2 Methods 

2.2.1 Database Setup 

The structured interview dataset consisted of questions related to the onset 

of discomfort/pain, intensity of pain, number of episodes and duration of pain, 

and related consequences such as First Time Office Visit (FTOV) and treatment 

seeking patterns, placement on restricted or “Light” duty, and Lost Worktime 

(LWT) due to pain. For the initial analyses, the simple presence of discomfort and 

pain will be used to classify subjects into “Cases” (Pain = YES) and “Controls” 
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(Pain = NO). Later, a more complex and continuous case definition that takes 

multiple factors into consideration, such as “pain level”, will be developed. 

This study consists of 1,016 subjects performing 678 jobs, therefore, there 

were some jobs performed by multiple employees often from different shifts, as 

can be seen from Table 11. Since the overall theme of this research is the 

“personalization” of risk to specific subjects, the unit of exposure is the subject 

(employee) and not the job. This is in contrast to the original study, where the 

UAW-Ford NJCHS was specifically looking for the risk of the job to the 

“average” Ford employee (i.e., unit of analysis was the job). As a result, personal 

characteristics were not considered in the original study, and there remains a vast 

amount of potentially explanatory data that have, heretofore, been unexplored. 

The original study, with an intent to avoid potential discrimination based on 

individual differences, considered only physical ergonomic risk factors associated 

with each job. This dissertation breaks new ground by combining this rich set of 

personal characteristic data with the physical demands of the job itself to form a 

more complete risk assessment model. In addition, it will simultaneously consider 

multiple body parts and explore the impact of co-morbidities (i.e., multiple health 

conditions and injuries to other body parts). 

Multiple data collection forms were used to collect data in the original 

study, some with the Subject IDs as the reference and some with the Job IDs as 

the reference. The Subject ID and Job ID were matched as seen in Table 12 to 

map personal outcomes with the job demands for all body regions in two formats: 
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Table 11: Subject ID to Job ID 

Subject ID JOB ID 

1510 1001 
1543 1001 
1509 1002 
1518 1002 
7520 1003 
7523 1003 

 

Table 12: Job ID to Subject ID 

 

 

 

Information from the different data collection forms was merged into a single 

spreadsheet for all body regions to facilitate ease of analysis. A preview of the 

spreadsheet can be seen in Table 13. 

Table 13: Preview of spreadsheet format 

Subject 
ID 

Job 
ID 

Personal 
Characteristics 

Interview 
Form 

Medical 
Form 

Job 
Requirements 

Form 

Ergo 
Analysis 

Form 

Ergo Tools 
Assessment 

1510 1001 
     

 
 

The unit of exposure in the original study was the job, not the subject, and all job-

related information was collected with the Job ID as the reference. Further, each job was 

broken down into tasks (up to 7 tasks) and each task was analyzed independently. 

Analysis was performed at the job level; each job could have up to 7 tasks aggregated to 

a job level risk. It was possible that more than 1 employee performed a given job. Since 

the unit of exposure in the current study is the subject (employee), it was necessary to 

Job ID Subject ID 
1001 1510 1543 
1002 1509 1518 
1003 7520 7523 
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correctly map the risks and assessments of all relevant job tasks to the individual 

(employee/subject). This was accomplished by aggregating all job-related variables and 

mapping them back to the Subject ID. The logic is illustrated as follows: 

 

 

 

The original paper-based data collection forms were scanned using Teleform 

(Cardiff Software 1998), a software that provided an output with short abbreviations for 

each variable. Further the output lacked details about the nature of the variable 

(continuous, categorical, ordinal, etc.) and information within the values in a variable. 

The current database setup provides the end user with; a) Source of the variable , b) 

Name of the variable, c) Type of variable, and d) The meaning of each value within a 

variable. 

Due to the absence of a centralized and a unified dataset, many factors were not 

considered in the original study, for example, the medical data was never used. The 

current database setup maintains the subject ID (employee) as a reference and provides 

all variable across all data collection form in a single easy to use spreadsheet.  

Figure 5: Conversion of Job-level data to Subject-level data 
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2.2.2 Prevalence 

Data were collected for eight body regions (Head/Neck, Shoulder, Elbow, 

Hand/Wrist, Low back, Hip, Knee, and Ankle/Feet). The prevalence for each 

body part affected was calculated using the structured interview forms [Appendix 

2]. Prevalence was considered if the subject (employee) indicated ‘Yes’ to the 

question, “Have you experienced musculoskeletal pain or discomfort of your 

_[body region]_ during the past year” (first question asked by the OHNs and the 

OTs). Percentages are calculated for each body region and represented in Figure 

6. 

 

2.2.3 Characteristics 

The structured interview form asked questions regarding the 

characteristics (Table 13) of pain and discomfort experienced by the subjects. 

These questions included: 

a) Type of pain (Which of the following word(s) best describe your 

musculoskeletal symptom?) – 15 check boxes were provided to the OHNs and 

OTs that contained specific descriptors of pain such as; Aching, Pain, 

Weakness, Burning, Swelling, Knots, Cramping, Spasms, Nocturnal 

Discomfort, Loss of color, Stiffness, Numbness, Tingling, Other, and None. 

Percentages are calculated for each pain descriptor. 

b) Number of episodes of pain in the last year (How many separate episodes 

have you experienced in the past year?) – The OHNs and OTs asked for a 
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number to be provided by the subjects. Mean and standard deviation are 

calculated. 

c) Duration of the typical episode of pain (How long does the typical episode 

last?) – eight checkboxes were provided with value ranging from “< 1hr” to 

“> 3months”. Presence of “Continuous pain” was designated by the OHNs 

and OTs indicating a 365 on number of episodes AND Duration greater than, 

equal to one day. Percentages are calculated for duration of the episodes and 

presence of continuous pain. 

d) Recent pain (Have your experienced this symptom in the last 7 days?) – A 

‘Yes’ and ‘No’ checkbox was provided to the OHNs and OTs. Percentages are 

calculated. 

e) Intensity of symptom today – The subjects were asked to draw a vertical line 

that intersects a 100-mm horizontal Visual-Analog Scale (VAS) ranging from 

“None” to “Unbearable”. Mean and standard deviation are calculated. 

f) Intensity of the symptom when it is the worst - The subjects were asked to 

draw a vertical line that intersects a 100-mm horizontal VAS ranging from 

“None” to “Unbearable”. Mean and standard deviation are calculated. 

For ‘Intensity of symptom today’ and ‘Intensity of the symptom when it is 

the worst’, the researchers went back and calculated the numerical value of the 

subject’s (employee’s) intensity rating by a numbered ruler, rounded to the 

nearest digit. The VAS was 100-mm in length range of 0 – 100, with 0 being 

labelled as “None” and 100 being labelled as “Unbearable”. A box and whisker 

plot consisting of range, quartiles and average of the intensities of pain is created 
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for ‘Intensity of symptom today’ (Figure 8), and ‘Intensity of the symptom when 

it is the worst’ (Figure 9) to visualize the distribution of “pain scores”. 
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Table 14: Pain & Discomfort - Prevalence & Characteristics 

 
Pain & 
Discomfort 

 
N 

Head/Neck  Shoulder  Elbow Hand/Wrist Low Back Hips Knee Ankle/Feet 

169 340 191 440 357 64 177 171 

Intensity of Pain Today, M ± SD 27.72 ± 22.6 23.7 ± 23.6 25.7 ± 23.7 27.5 ± 24.2 25.7 ± 25 20.9 ± 22.5 23.2 ± 24.4 30.2 ± 27.2 

Intensity of Worst Pain, M ± SD 73.6 ± 18.6 69.8 ± 20.9 67.7 ± 20.6 70.6 ± 20.5 76 ± 20.3 72.9 ± 22.9 67.3 ± 22.7 73.6 ± 23.2 

Separate Episodes of Pain in Last 
Year, M ± SD 

177.3 ± 161.5 177.9 ± 163.7 170 ± 160.8 192.9 ± 163.2 151.7 ± 161 138.9 ± 156 173 ± 160.2 208 ± 157.8 

Pain in the last 7 Days, n / % 126 74.6% 244 71.8% 128 67.0% 324 73.6% 237 66.4% 42 65.6% 127 71.8% 138 80.7% 

Typical 
Duration of 

Episode 
n / % 

< 1 Hour 9 5.3% 15 4.4% 10 5.2% 33 7.5% 18 5.0% 6 9.4% 11 6.2% 7 4.1% 

1 Hour 11 6.5% 16 4.7% 10 5.2% 29 6.6% 20 5.6% 4 6.3% 8 4.5% 6 3.5% 

1 Day 46 27.2% 88 25.9% 52 27.2% 109 24.8% 103 28.9% 20 31.3% 46 26.0% 55 32.2% 

1 Week 35 20.7% 52 15.3% 28 14.7% 45 10.2% 66 18.5% 11 17.2% 29 16.4% 16 9.4% 

1 Month 3 1.8% 14 4.1% 13 6.8% 22 5.0% 23 6.4% 3 4.7% 4 2.3% 3 1.8% 

2 Months 2 1.2% 4 1.2% 4 2.1% 3 0.7% 3 0.8% 1 1.6% 3 1.7% 2 1.2% 

3 Months 0 0.0% 3 0.9% 1 0.5% 1 0.2% 1 0.3% 0 0.0% 1 0.6% 0 0.0% 

> 3 Months 65 38.5% 144 42.4% 73 38.2% 198 45.0% 125 35.0% 19 29.7% 75 42.4% 82 48.0% 

Continuous Pain (24x7x365), 
 n / % 

62 36.7% 134 39.4% 68 35.6% 184 41.8% 116 32.5% 18 28.1% 66 37.3% 78 45.6% 

Most 
Problematic 
symptom of 

Pain 
n /% 

Aching 38 22.5% 125 36.8% 52 27.2% 113 25.7% 112 31.4% 17 26.6% 51 28.8% 63 36.8% 

General 43 25.4% 95 27.9% 80 41.9% 108 24.5% 126 35.3% 29 45.3% 66 37.3% 66 38.6% 
Weakness 1 0.6% 6 1.8% 10 5.2% 14 3.2% 1 0.3% 0 0.0% 10 5.6% 5 2.9% 
Burning 10 5.9% 25 7.4% 12 6.3% 10 2.3% 8 2.2% 2 3.1% 8 4.5% 13 7.6% 
Swelling 0 0.0% 1 0.3% 3 1.6% 12 2.7% 0 0.0% 0 0.0% 4 2.3% 5 2.9% 
Knots 3 1.8% 9 2.6% 0 0.0% 2 0.5% 4 1.1% 0 0.0% 1 0.6% 0 0.0% 
Cramping 2 1.2% 4 1.2% 4 2.1% 25 5.7% 8 2.2% 1 1.6% 4 2.3% 2 1.2% 
Spasms 7 4.1% 10 2.9% 1 0.5% 9 2.0% 26 7.3% 3 4.7% 2 1.1% 0 0.0% 
Nocturnal 
Discomfort 

5 3.0% 11 3.2% 3 1.6% 18 4.1% 10 2.8% 3 4.7% 6 3.4% 0 0.0% 

Loss of Color 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
Stiffness 50 29.6% 32 9.4% 5 2.6% 34 7.7% 51 14.3% 3 4.7% 18 10.2% 10 5.8% 
Numbness 0 0.0% 2 0.6% 5 2.6% 40 9.1% 0 0.0% 2 3.1% 0 0.0% 3 1.8% 
Tingling 4 2.4% 2 0.6% 6 3.1% 34 7.7% 2 0.6% 0 0.0% 2 1.1% 3 1.8% 
Other 6 3.6% 17 5.0% 10 5.2% 21 4.8% 9 2.5% 3 4.7% 5 2.8% 1 0.6% 
None 0 0.0% 1 0.3% 0 0.0% 0 0.0% 0 0.0% 1 1.6% 0 0.0% 0 0.0% 
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Figure 9: Distribution of Intensity of 'Pain Today' by Body-part 

Figure 8: Distribution of Intensity of 'Worst Pain' by Body-part 
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2.2.4 Consequences 

In this study, consequences are defined as the actions taken or experienced 

by the employee because of pain and discomfort. The structured interview form 

asked questions regarding the consequences of pain. These questions include: 

a) Clinic Visits (Have you received treatment for this symptom?) – If the subject 

answered ‘Yes’ to this question, the subject was further asked if the visits 

were to the in-house plant clinic or an outside clinic and the number of visits 

in the past year. If the subject answered ‘No’, a follow-up question was asked 

to get a reason for not seeking treatment. Mean and standard deviation are 

calculated for each, number of visits to the plant clinic and number of visits to 

the outside clinic for all body regions. 

b) Restricted Duty (Since working on the current job, how many days have you 

been on restricted/light duty due to this musculoskeletal symptom?) – Number 

of days answered by the subject were further categorized into Less than seven 

days, 7 – 30 days, 31 – 60 days, 61 – 90 days, and Over 90 days. Percentages 

are calculated. 

c) Lost Time (Since working on the current job, how much lost work time have 

you taken due to this musculoskeletal symptom?) - Number of days answered 

by the subject were further categorized into Less than 7 days, 7 – 30 days, 31 

– 60 days, 61 – 90 days, and Over 90 days. Percentages are calculated. 

For ‘Restricted Duty’ and ‘Lost Time’, categories are also created as 

each incremental category is an order of magnitude more severe than the 

previous one.
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Table 15: Pain & Discomfort - Consequences 

 
Pain & Discomfort 

  

Head/Neck Shoulder Elbow Hand/Wrist Low Back Hips Knee Ankle/Feet 
169 340 191 440 357 64 177 171 

In-house clinic visit, n / % 47 27.8% 98 28.8% 68 35.6% 160 36.4% 117 32.8% 16 25.0% 31 17.5% 26 15.2% 
Outside clinic visit, n / % 81 47.9% 114 33.5% 42 22.0% 106 24.1% 180 50.4% 30 46.9% 77 43.5% 67 39.2% 

 
Restricted Duty 

(Days), 
n / % 

TOTAL 6 3.6% 28 8.2% 14 7.3% 36 8.1% 28 7.8% 2 3.1% 3 1.7% 6 3.5% 
Less than 7 days 1 0.6% 7 2.1% 6 3.1% 13 3.0% 8 2.2% 0 0.0% 0 0.0% 2 1.2% 

7 - 30 days 1 0.6% 12 3.5% 5 2.6% 16 3.6% 9 2.5% 0 0.0% 2 1.1% 3 1.8% 

31 - 60 days 1 0.6% 1 0.3% 2 1.0% 1 0.2% 1 0.3% 1 1.6% 0 0.0% 0 0.0% 

61 - 90 days 0 0.0% 2 0.6% 0 0.0% 3 0.7% 1 0.3% 0 0.0% 0 0.0% 0 0.0% 

Over 90 Days 3 1.8% 6 1.8% 1 0.5% 3 0.7% 9 2.5% 1 1.6% 1 0.6% 1 0.6% 

Lost Work Time (LWT) 
(Days), 
n / % 

TOTAL 19 11.2% 27 7.9% 9 4.7% 36 8.1% 70 19.6% 10 15.6% 21 11.8% 15 8.7% 
Less than 7 days 7 4.1% 12 3.5% 6 3.1% 13 3.0% 29 8.1% 4 6.3% 9 5.1% 7 4.1% 

7 - 30 days 6 3.6% 10 2.9% 2 1.0% 16 3.6% 28 7.8% 5 7.8% 6 3.4% 3 1.8% 

31 - 60 days 3 1.8% 3 0.9% 0 0.0% 1 0.2% 6 1.7% 0 0.0% 3 1.7% 1 0.6% 

61 - 90 days 0 0.0% 0 0.0% 0 0.0% 3 0.7% 2 0.6% 0 0.0% 1 0.6% 0 0.0% 

Over 90 Days 3 1.8% 2 0.6% 1 0.5% 3 0.7% 5 1.4% 1 1.6% 2 1.1% 4 2.3% 
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2.2.5 Risk Factors 

Although the goal of this study is to develop a continuous severity scale, 

initially the subjects are dichotomously defined as ‘Case/Controls’ based solely 

on the presence of pain and discomfort (Yes/No) to obtain odds ratios for multiple 

risk factors. Adjusted odds ratios are also calculated based on the difficulty of the 

job. Among the ergonomic tools used to assess job risk, the researchers used 

‘Expert Opinion’ and rated the job from 1 to 5 for all body regions and for the 

individual. An expert opinion of 1 was labelled as “Negligible/Little to no 

Concern” and 5 was labelled as “High Risk/High Concern”. These expert ratings 

will be used to control for the difficulty of jobs to obtain the true effect of each 

risk factor. Univariate binary logistic regression is used to obtain crude and 

adjusted odds ratios. To accomplish this, the data relating to the risk factors were 

taken from the structured interview form and is set and analyzed as follows: 

2.2.5.1 Personal Risk-Factors:  

1) Gender – The subjects are classified as males and females; males are 

considered as reference. Note: these data were collected in 1998 when gender 

and sex were used interchangeably. Throughout this dissertation, gender refers 

to biological sex as “male” or “female” and not to a subject’s gender identity. 

2) Age – Age is calculated from each subject’s date of birth and was classified in 

the following categories: 20 – 30, 31 – 40, 41 – 50, 51 – 60, and > 60. The 

age group of 20 – 30 is considered as reference. 

3) BMI – Body Mass Index (BMI) is calculated from each subject’s weight (lbs) 

and height (in). Using the equation, [weight (lb) / [height (in)]2 x 703] 
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(Centers for Disease Control and Prevention (CDC), n.d.). Subjects are 

classified as Normal, Overweight and Obese (Centers for Disease Control and 

Prevention (CDC), n.d.). Normal BMI is considered as reference. 

4) Experience – This data is obtained from the question, “Time on current job 

(years, months, weeks)?” and was classified into < 3 years, 3 – 5 years, 6 – 

10 years, and > 10 years. An experience of < 3 years is considered as 

reference. 

5) Smoking History – This data is obtained from the question, “Are you a 

Current Smoker, Ex-Smoker or Never Smoked”. The Never Smoked category 

is considered as reference. 

6) Health Problems – These data are obtained from the question, “Have you 

ever been told by a health care provider that you have any of the following 

health problems?”. The health problems included Diabetes, Thyroid Problems 

Rheumatoid Arthritis, Osteo Arthritis, Hypertension, Neurological Disorders 

with a “Yes and No” checkbox next to each one of them. Odds ratios are 

obtained for each health problem with “No” as reference. 

7) Recreational/Outside-Work Activities – These data are obtained from the 

question, “In what kinds of out of plant activities are you or have you been 

involved during the last year?”. These activities included Exercise, Sports, 

Hobbies, Yardwork, Outside Employment and No Activities. Odd’s ratios are 

obtained for each activity with “No” as reference.  
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Table 16: Individual Risk Factors and OR’s (95% C.I) – Adjusted for Job Difficulty and Gender 

Individual Characteristics HEAD/NECK SHOULDER ELBOW HAND/WRIST LOW BACK HIP KNEE ANKLE/FEET 
Gender / Sex Male 1 1 1 1 1 1 1 1 

Female 2.2 (1.5 - 3.2) 1.72 (1.27 - 2.32) 1.15 (0.8 - 1.67) 2.84 (2.09 - 3.86) 1.35 (0.99 - 1.83) 1.71 (0.97 - 3) 1.11 (0.76 - 1.62) 1.18 (0.8 - 1.73) 

Age 20 - 30 1 1 1 1 1 1 1 1 

31 - 40 2.8 (1.6 - 4.9) 1 (0.66 - 1.5) 1.75 (1.06 - 2.89) 0.85 (0.57 - 1.27) 0.86 (0.58 - 1.29) 1.87 (0.85 - 4.11) 1.73 (1.04 - 2.87) 1.39 (0.86 - 2.26) 

41 - 50 2.2 (1.3 - 3.8) 1.23 (0.84 - 1.79) 1.8 (1.11 - 2.89) 0.64 (0.44 - 0.93) 0.79 (0.55 - 1.15) 1.15 (0.52 - 2.54) 1.32 (0.81 - 2.15) 0.83 (0.51 - 1.35) 

51 - 60 1.5 (0.8 - 2.8) 0.9 (0.57 - 1.4) 1.14 (0.64 - 2.04) 0.6 (0.39 - 0.93) 0.55 (0.35 - 0.87) 1.43 (0.6 - 3.43) 1.08 (0.6 - 1.91) 0.81 (0.46 - 1.42) 

> 60 2.6 (1 - 6.4) 0.8 (0.37 - 1.72) 1.37 (0.55 - 3.41) 0.42 (0.19 - 0.91) 0.57 (0.26 - 1.21) 0.57 (0.07 - 4.61) 0.87 (0.31 - 2.4) 0.39 (0.11 - 1.35) 

BMI Normal 1 1 1 1 1 1 1 1 

Overweight 0.99 (0.7 - 1.5) 0.8 (0.57 - 1.12) 1.4 (0.91 - 2.14) 0.88 (0.63 - 1.23) 0.98 (0.7 - 1.36) 1.71 (0.86 - 3.39) 1.52 (0.98 - 2.36) 1.24 (0.79 - 1.94) 

Obese 0.6 (0.35 - 0.95) 1 (0.69 - 1.44) 1.9 (1.22 - 2.96) 1.09 (0.76 - 1.56) 0.95 (0.66 - 1.37) 1.29 (0.59 - 2.81) 1.58 (0.99 - 2.53) 1.8 (1.13 - 2.85) 

Smoking Never 
Smoked  

1 1 1 1 1 1 1 1 

Ex-Smoker 1.2 (0.7 - 1.9) 1.04 (0.72 - 1.5) 1 (0.64 - 1.55) 1.19 (0.84 - 1.7) 0.86 (0.59 - 1.24) 0.92 90.41 - 2.04) 0.94 (0.6 - 1.48) 1.13 (0.72 - 1.77) 

Current 
Smoker 

1.5 (0.9 - 2.2) 1.16 (0.85 - 1.59) 1.19 (0.86 - 1.74) 1.14 (0.84 - 1.56) 1.4 (1.03 - 1.91) 1.62 (0.86 - 2.98) 1 (0.7 - 1.53) 1.02 (0.68 - 1.51) 

Experience < 3 years 1 1 1 1 1 1 1 1 

3 - 5 years 1.48 (0.99 - 2.22) 0.7 (0.5 - 0.98) 0.9 (0.6 - 1.35) 1.46 (0.83 - 2.56) 0.86 (0.61 - 1.19) 1.91 (1.04 - 3.48) 0.92 (0.61 - 1.4) 1.03 (0.68 - 1.56) 

6 - 10 years 0.74 (0.36 - 1.5) 0.62 (0.37 - 1.04) 1.21 (0.69 - 2.12) 1.31 (0.71 - 2.39) 0.51 (0.3 - 0.87) 0.93 (3.18 - 2.77) 0.76 (0.4 - 1.44) 0.72 (0.37 - 1.39) 

> 10 years 1 (0.47 - 2.13) 0.53 (0.29 - 0.98) 0.81 (0.39 - 1.65) 1 (0.53 - 2.16) 0.66 (0.37 - 1.17) 0.93 (0.27 - 3.18) 0.61 (0.28 - 1.33) 0.56 (0.25 - 1.28) 

Health 
Problems 
 

Yes (1) 
No (0) 

Diabetes 0.55 (0.19 - 1.61) 0.66 (0.31 - 1.41) 1 (0.42 - 2.34) 0.94 (0.46 - 1.92) 0.65 (0.3 - 1.38) 0.35 (0.04 - 2.65) 1.33 (0.59 - 2.98) 0.59 (0.2 - 1.71) 

Thyroid 
Problems 

1.1 (0.42 - 2.86) 1.4 (0.63 - 3.1) 0.93 (0.34 - 2.54) 1.08 (0.48 - 2.43) 1.07 (0.47 - 2.4) 1.11 (0.25 - 4.9) 0.55 (0.16 - 1.89) 0.81 (0.27 - 2.42) 

Rheumatoid 
Arthritis 

2.27 (1.19 - 4.35) 1.03 (0.56 - 1.88) 0.8 (0.36 - 1.74) 2.06 (1.12 - 3.77) 2.71 (1.5 - 4.87) 0.97 (0.29 - 3.87) 1.74 (0.9 - 3.36) 0.94 (0.43 - 2.06) 

Osteo 
Arthritis 

1.95 (1.07 - 3.56) 1.34 (0.78 - 2.32) 1.6 (0.87 - 2.92) 1.6 (0.924 - 2.78) 2.08 (1.22 - 3.55) 2.42 (1.06 - 5.48) 2.81 (1.59 - 4.94) 2.02 (1.19 - 3.67) 

Hypertension 0.75 (0.44 - 1.26) 1.05 (0.71 - 1.53) 1.87 (1.24 - 2.83) 1.29 (0.88 - 1087) 1.35 (0.93 - 1.96) 1.25 (0.62 - 2.5) 1.14 (0.72 - 1.81) 1.48 (0.95 - 2.32) 

Neurological 
Disorders 

4.53 (1.18 - 17.36) 4.28 (1.05 - 17.43) 1.15 (0.23 - 5.61) 1.11 (0.29 - 4.27) 2.36 (0.61 - 9.1) 10.65 (2.49 - 45.46) 0.61 (0.07 - 4.94) 0.61 (0.07 - 4.97) 

Outside 
Activities 

 
Yes (1) 
No (0) 

Exercise 0.99 (0.62 - 1.57) 0.74 (0.51 - 1.09) 0.88 (0.56 - 1.39) 1.24 (0.86 - 1.79) 1.35 (0.94 - 1.94) 1.51 (0.76 - 2.89) 1.48 (0.96 - 1.56) 1.28 (0.82 - 2.01) 

Sports 1.52 (1.03 - 2.24) 1.1 (0.82 - 1.49) 1.33 (0.93 - 1.9) 1.09 (0.81 - 1.46) 1.37 (1.02 - 1.84) 1.03 (0.56 - 1.86) 1.3 (0.9 - 1.88) 1.27 (0.87 - 1.84) 

Hobbies 1.86 (1.25 - 2.77) 1.12 (0.8 - 1.57) 1.2 (0.81 - 1.78) 1.1 (0.79 - 1.54) 1.12 (0.8 - 1.57) 1.51 (0.82 - 2.8) 1.22 (0.81 - 1.85) 1.06 (0.78 - 1.61) 

Yardwork 1.79 (0.94 - 3.39) 1.55 (0.9 - 2.65) 1.43 (0.77 - 2.65) 1.06 (0.61 - 1.84) 0.86 (0.49 - 1.52) 1.7 (0.64 - 4.5) 1.53 (0.81 - 2.87) 0.98 (0.48 - 2) 

Outside 
Employment 

1.21 (0.62 - 2.34) 1.67 (1 - 2.78) 0.63 (0.3 - 1.31) 1.1 (0.65 - 1.85) 1.33 (0.8 - 2.23) 0.71 (0.21 - 0.24) 1.04 (0.54 - 2.01) 1.22 (0.53 - 2.31) 

No Activities 0.45 (0.29 - 0.72) 0.95 (0.69 - 1.3) 0.82 (0.56 - 1.22) 0.97 (0.71 - 1.33) 0.64 (0.46 - 0.89) 0.42 (0.2 - 0.89) 0.73 (0.48 - 1.11) 0.75 (0.49 - 1.14) 
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2.2.5.2 Psychophysical Risk-Factors 

Rating of Perceived Exertion (RPE) is used as a measure of 

psychophysical risk factor. A 100-mm VAS was used to capture RPE across the 

Head/Neck, Shoulder, Elbow/Hand/Wrist (Upper Extremity), Low back, and 

Hip/Knee/Ankle/Feet (Lower Extremity). The subjects were asked to draw a 

vertical line that intersects the horizontal VAS scale ranging from “Low” to 

“High”. Since this scale was 100-mm in length, it had a numerical range of 0 – 

100. The researchers went back and calculated the numerical value of each 

subject’s intensity rating by a numbered ruler, rounding to the nearest digit. The 

Borg’s Perceived Exertion and Pain Scale (G Borg, 1970; Gunnar Borg, 1986) is 

a widely used tool to assess physical exertion in subjects (Li et al., 2013), 

especially in studies conducted in an automotive and vehicle manufacturing 

environment (L. Punnett et al., 2004b; Laura Punnett, 1998). In this study, the 0 – 

100 visual-analog sale will be equated to the Borgs’ Category Ratio (CR-10) 

(Gunnar Borg, 1986, 1998) and converted to a 0 – 10 scale by dividing the value 

by a factor of 10, for example, a score of 65 on the VAS will be calculated as a 

6.5 on the Borg CR-10 scale. Literature suggests that there is significant 

correlation between the visual-analog scale and the Borg CR-10 scale for 

psychophysical estimation of intensities (Boshuizen et al., 2013; Capodaglio, 

2001; Neely et al., 1992; Scott & Huskisson, 1976; Syrjala & Chapman, 1984). 

Further, this score is categorized as “Low” (Scores of 1 and 2), “Moderate” 

(Scores 3, 4, 5, 6), and “High” (Scores of 7, 8, 9, 10) (Buchholz et al., 2008). 
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Conversion is carried out to enable univariate analysis, “Low” category is used as 

reference. 



47 
 

 

Table 17: Psychophysical Risk Factor (RPE) and OR's (95% C.I) – Adjusted for Job Difficulty and gender 

 

 

 

Table 18: Primary Job-related Characteristics and OR's (95% C.I) - Adjusted for Gender 

Job Characteristics HEAD/NECK SHOULDER ELBOW HAND/WRIST LOW BACK HIP KNEE ANKLE/FEET 

Hours worked per week < 40 hrs.  
(8 hr. day) 

1 1 1 1 1  
 

-NA- 
Insufficient 

cases/sample size 

1 1 

40-50  
(10 hr. day) 

1.07 (0.13 - 8.76) 1.61 (0.33 - 7.91) 0.84 (0.17 - 4.1) 1.25 (0.3 - 5.09) 0.98 (0.24 - 3.99) 0.33 (0.82 - 1.39) 0.36 (0.08 - 1.49) 

50-60  
(12 hr. day) 

1.6 (0.19 - 13.0) 1.69 (0.34 - 8.27) 0.8 (0.16 - 3.9) 1.14 (0.28 - 4.65) 1.16 (0.28 - 4.7) 0.42 (0.1 - 1.75) 0.38 (0.09 - 1.58) 

Over 60 hrs. 0.92 (0.1 -8.41) 0.73 (0.13 - 3.93) 0.63 (0.11 - 3.4) 1.32 (0.3 - 5.7) 0.58 (0.13 - 2.6) 0.45 (0.1 - 2.05) 0.42 (0.09 - 1.9) 

Shift worked Day Shift 1 1 1 1 1 1 1 1 

Swing Shift 0.65 (0.46 - 0.93) 0.68 (0.52 - 0.89) 0.69 (0.49 - 0.96) 0.88 (0.68 - 1.14) 0.94 (0.72 - 1.22) 0.95 (0.57 - 1.59) 0.83 (0.59 - 1.16) 0.88 (0.63 - 1.24) 

Psychophysical Risk Factor  HEAD/NECK SHOULDER ELBOW HAND/WRIST LOW BACK HIP KNEE ANKLE/FEET 

Rating of Perceived Physical 
Exertion (RPE) 

Low 1 1 1 1 1 1 1 1 

Moderate 1.78 (1.01 - 3.12) 1.59 (0.86 - 2.94) 1.26 (0.41 - 3.83) 1.07 (0.49 - 2.33) 2.28 (1.28 - 4.07) 0.93 (0.3 - 2.82) 1.31 (0.66 - 2.6) 1.51 (0.73 - 3.13) 

High 3.81 (2.1 - 6.92) 3.72 (2.03 - 6.82) 2.15 (0.74 - 6.27) 1.69 (0.79 - 3.58) 5.76 (3.23 - 10.29) 2.26 (0.84 - 6.08) 2.55 (1.34 - 4.85) 3.84 (1.95 - 7.57) 
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2.2.5.3 Psychosocial Risk-Factors 

Two different sets of psychosocial questions were asked to the subjects in 

the structured interview form: 

1. Employee Perceptions on Work and Health – This question set 

consisted of 14 questions using a 4-point Likert scale with a response 

ranging from Strongly Disagree to Strongly Agree. These questions are a 

subset of the Kraseks’s Job Content Questionnaire (JCQ) (Robert Karasek 

et al., 1998, 2007). The questions will be classified into ‘Skill Discretion’, 

‘Job Control’, ‘Psychological Job Demands’ and ‘Social Support’ 

(Bernardes Santos et al., 2016; Choi et al., 2012; Robert Karasek et al., 

1998; Kawakami et al., 1995). The responses are categorized 

dichotomously into ‘Agree’ (Strongly Agree and Agree) and ‘Disagree’ 

(Disagree and Strongly Disagree). Crude and adjusted (adjusted for job 

difficulty) odds ratios are calculated for each question using logistic 

regression analysis. ‘Agree’ response to the questions is considered as 

reference. 

2. Job Satisfaction – This question set consisted of 3 questions using a 4-

point scale (1. No, 2. Little, 3. Somewhat, and 4. Very). The questions 

asked were; a) “All in all, how satisfied are you in your job?”, b) “How 

strongly would you recommend your job to someone else?”, and c) “If you 

were looking for a new job, how likely is it that you would take this job 

again?”. The responses are categorized in to ‘Little to None’ (No and 

Little) and ‘Very’ (Somewhat Likely and Very Likely). Crude and adjusted 
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(adjusted for job difficulty) odd’s ratios are calculated for each question 

using logistic regression analysis. ‘Very’ response to the questions is 

considered as reference. 
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Table 19: Psychosocial & Psychological Risk Factors and Crude OR's (At least 95% C.I) 

Psychosocial variable 
(Disagree = 0, Agree = 1) 

N Any Head/Neck Shoulder Upper  
Extremity 

Low Back Lower 
Extremity 

Require learning new things 995 0.61 (0.46 - 0.84) 0.86 (0.62 - 1.21) 0.97 (0.75 - 1.27) 0.74 (0.58 - 0.97) 0.63 (0.49 - 0.82) 0.745 (0.57 - 0.98) 
Involves repetitive work 996 1.582 (0.87 - 2.87) 1.61 (0.67 - 3.83) 1.6 (0.84 - 3.02) 1.49 (0.86 - 2.59) 1.749 (0.92 - 3.31) 1.78 (0.91 - 3.51) 
Requires to be creative 996 0.59 (0.44 - 0.80) 0.8 (0.55 - 1.15) 0.96 (0.72 - 1.28) 0.71 (0.55 - 0.94) 0.62 (0.47 - 0.83) 0.82 (0.62 - 1.1) 
Requires high skill 995 0.73 (0.55 - 0.99) 0.56 (0.39 - 0.82) 0.86 (0.66 - 1.14) 0.72 (0.56 - 0.95) 0.77 (0.59 - 1.01) 0.85 (0.64 - 1.12) 
Little freedom 995 1.95 (1.43 - 2.66) 1.41 (1.01 - 1.97) 1.43 (1.1 - 1.87) 1.46 (1.13 - 1.91) 1.59 (1.23 - 2.07) 1.76 ( 1.34 - 2.3) 
Requires learning variety of things 996 0.95 (0.71 - 1.28) 0.97 (0.69 - 1.36) 1.1 (0.84 - 1.43) 0.87 (0.68 - 1.13) 0.88 (0.68 - 1.14) 0.94 (0.72 - 1.24) 
I have say 994 0.44 (0.33 - 0.61) 0.47 (0.33 - 0.67) 0.77 (0.59 - 1) 0.58 (0.45 - 0.76) 0.62 (0.48 - 0.81) 0.58 (0.45 - 0.77) 
Requires working fast 996 2.19 (1.6 - 3) 1.47 (0.97 - 2.22) 1.62 (1.17 - 2.22) 1.77 (1.33 - 2.36) 1.6 (1.17 - 2.17) 1.48 (1.07 - 2.04) 
Requires working hard 996 2.53 (1.87 - 3.43) 1.65 (1.13 - 2.42) 1.71 (1.28 - 2.29) 2.04 (1.56 - 2.68) 1.94 (1.45 - 2.59) 1.28 (0.96 - 1.71) 
No excessive work 995 0.38 (0.28 - 0.54) 0.7 (0.49 - 0.98) 0.53 (0.41 - 0.7) 0.41 (0.31 - 0.54) 0.62 (0.48 - 0.81) 0.55 (0.42 - 0.73) 
I have enough time 990 0.23 (0.12 - 0.46) 0.5 (0.32 - 0.77) 0.6 (0.41 - 0.87) 0.4 (0.25 - 0.61) 0.69 (0.48 - 1.01) 0.55 (0.38 - 0.79) 
Job is Hectic 996 1.80 (1.34 - 2.43) 2.25 (1.57 - 3.2) 1.62 (1.24 - 2.11) 1.4 (1.08 - 1.8) 1.76 (1.35 - 2.29) 1.6 (1.22 - 2.1) 
Can take a break 994 0.51 (0.37 - 0.7) 0.54 (0.36 - 0.83) 0.64 (0.47 - 0.87) 0.5 (0.38 - 0.67) 0.68 (0.51 - 0.92) 0.61 (0.45 - 0.85) 
Supervisor support available 986 0.30 (0.19 - 0.49) 0.62 (0.42 - 0.9) 0.67 (0.49 - 0.91) 0.48 (0.34 - 0.67) 0.75 (0.55 - 1.02) 0.47 (0.35 - 0.65) 
Psychological Risk Factors (Job Satisfaction) 
(Very = 0, Not at all = 1) 
Jsat-Satisfied with job 993 5.73 (2.87- 11.42) 1.58 (1.03 - 2.43) 1.5 (1.05 - 2.13) 3.6 (2.3 - 5.65) 2.23 (1.57 - 3.16) 1.67 (1.17 - 2.38) 
Jsat-Will recommend this job 995 4.0 ( 2.69 - 5.89) 2.25 (1.6 - 3.16) 2.12 (1.61 - 2.79) 3.17 (2.3 - 4.29) 1.96 (1.5 - 2.57) 1.83 (1.39 - 2.42) 
Jsat-Will take this job again 993 4.32 (2.69 - 6.94) 1.7 (1.18 - 2.44) 2.14 (1.59 - 2.87) 3.35 (2.37 - 4.75) 1.85 (1.38 - 2.48) 1.75 (1.3 - 2.37) 
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The original Karasek’s Job Content Questionnaire (JCQ)(R. Karasek et al., 1998)  

consists of 49 questions while this study contains a subset consisting of 17 questions 

[Appendix 2] which were asked by the OHN’s to the subjects at the end of the structured 

interview. Out of the 17 questions, 14 related to employees’ perceptions of work and 

health (psychosocial questions) where subjects were provided with a 4-point Likert scale, 

with response ranging from ‘Strongly Disagree’ to ‘Strongly Agree’. A 3 question Job 

Satisfaction (psychological questions) questionnaire was also asked, responses for these 

questions ranged from ‘Not at all’ to ‘Very’. A complete list of the question set along 

with the abbreviations used in this study can be found in [Appendix 6]. 

The larger purpose of this study is to identify key psychosocial and psychological 

risk-factor categories that can be analyzed when building a holistic predictive model 

involving multiple risk factors. Including individual questions in a model makes little 

sense which is why the questions are combined to form relevant categories. Questions 

were grouped into categories (Table 21) such as  Skill Discretion, Decision Authority, 

Job Control, Job Demands and Supervisor Support (R. Karasek et al., 1998) 

Some of the questions are reverse scored if they fit their categories according to 

literature but were negatively correlated to the other items that made up that category. For 

example, the category Job Control deals with the amount of control an employee has over 

their respective job and is made up of the items; new things, creative, high skill, 

repetition, say, freedom and variety, where we assume that these questions have a 

positive effect as their response scale increases (from left to right). Questions such as 

“My job requires a lot of repetitive work”, and “I have very little freedom to decide how 

I work” have the same direction of scale, i.e “Strongly Disagree” to “Strongly Agree” 
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however, in the case of these questions as the response scale increases (from left to right), 

they have a negative effect on the employees’ overall response. This is further confirmed 

when these two questions were found to be negatively correlated to with all the other 

items that make up the category Job Control. This why the response scales are reverse 

scored to effectively transform the question into “My job requires less repetitive work”, 

and “I have a lot of freedom to decide how I work”. An overall score for the categories 

(category score) was developed by summing the scores (1 – 4 Likert Score) of the 

individual questions that make up the category. Additional categories such as Decision 

Latitude and Job Strain are also calculated using the previously mentioned category 

scores. Decision Latitude is calculated as the sum of scores of Skill Discretion and 

Decision Authority. Job Strain is calculated by dividing Job Demands with Job Control 

(Ota et al., 2015). 

It was a priori decided that crude odd’s ratios for each individual question will be 

presented Table 20 irrespective of the results obtained from the reliability analysis. 

Reliability of the categories was tested using Cronbach’s α, where an α level of 0.7 will 

be accepted and termed reliable (Bonett & Wright, 2015; Chua, 2006; George & Mallery, 

2003; Pallant, 2001; Pallant & Manual, 2001)  
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Table 20: Psychosocial Risk Factors: Categories and reliability analyses 

Category Question Items Cronbachs's α 
Skill Discretion Requires learning new things 0.714 

Involves repetitive work (rev) 
Requires to be creative 
Requires high skill 
Requires learning variety of things 

Decision Authority I have say 0.51 
Little freedom (rev) 

Job Control Requires learning new things 0.726 
Involves repetitive work (rev) 
Requires to be creative 
Requires high skill 
Little freedom (rev) 
Requires learning variety of things 
I have say 

Job Demand Requires working fast 0.707 
Requires working hard 
No excessive work (rev) 
I have enough time (rev) 
Job is Hectic 

Job Satisfaction Jsat-Satisfied with job 0.824 
Jsat-Will recommend this job 
Jsat-Will take this job again 

Supervisor Support Supervisor support available - 
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To test associations and obtain OR’s, binary logistic regression analyses is used 

because of which, category scores were classified as ‘High’ or ‘Low’ by running 

descriptive statistics and dividing the total score obtained into two equal parts based on 

their frequencies. For example, the category Job Satisfaction is made of three questions; 

a) “Satisfied with job”, b) “Will recommend this job”, and c) “Will take this job again”. 

Each of these questions have a 4-point scale with a direction of ‘Not at all’ to ‘Very’, 

which makes the range of the category score 3 – 12. Running a descriptive analysis on 

this score provided us with a cut point of 9 based on their frequencies. Scores from 3 

through 9 were classified as “Low”, and score from 10 through 12 are classified as 

“High”. OR’s are presented by first adjusting for age and gender Table 22, and then for 

gender, age, and job difficulty Table 23. 

 
Job difficulty is determined by ratings obtained by the expert opinion of 

researchers with significant ergonomics training and ergonomists. Expert opinion has 

been used in the ergonomic literature to conduct job analyses, assess occupational  

exposures (Morgan & Mansfield, 2014), evaluate office ergonomics (Ketola et al., 2004), 

and in developing ergonomic risk-assessment tools (Hignett & Ergonomist, 2000). In 

addition, there is evidence of using expert ratings for physical exposures to study 

psychosocial risk factors as predictors of injury and musculoskeletal disorder risk in a 

similar manufacturing cohort (Cantley et al., 2016). In this study, expert opinion is used 

to control for the physical exposure from performing the jobs. In the original study, the 

ergonomists rated the difficulty of each job on a scale of 1 – 5 with 1 being “Easy (Little 

to no concern)” to 5 being “Hard (High Concern)” for the head/neck, shoulder, upper 

extremity, low back, lower extremity, and the entire body as whole. 
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Table 21: Psychosocial and Psychological Categories and OR’s (At least 95% C.I) – Adjusted for Sex, and Age 

Psychosocial & 
Psychological 

Categories 

 
Any 

 
Head/Neck  

 
Shoulder 

Upper 
Extremity 

Low 
Back 

Lower 
Extremity 

Job Demand             
Low 1 1 1 1 1 1 
High 3.96 (2.62 - 5.98) 2.24 (1.57 - 3.2) 2.27 (1.7 - 3.01) 2.15 (1.62 - 2.85) 1.99 (1.5 - 2.63) 1.81 (1.35 - 2.41) 

Job Control             
High 1 1 1 1 1 1 
Low 1.77 (1.29 - 2.43) 1.63 (1.12 - 2.37) 1.22 (0.92 - 1.62) 1.63 (1.24 - 2.13) 1.8 (1.36 - 2.4) 1.33 (1 - 1.79) 

Job Strain             
Low 1 1 1 1 1 1 
High 3.51 (2.48 - 4.98) 2.21 (1.52 - 3.2) 1.85 (1.39 - 2.45) 2.13 (1.62 - 2.79) 2.49 (1.87 - 3.3) 2.04 (1.52 - 2.74) 

Job Satisfaction             
High 1 1 1 1 1 1 
Low 3.41 (2.48 - 4.68) 2.19 (1.48 - 3.23) 2.18 (1.62 - 2.91) 2.22 (1.7 - 2.91) 2.11 (1.58 - 2.81) 1.99 (1.78 - 2.69) 

Supervisor Support 
   

 
  

High 1 1 1 1 1 1 
Low 2.98 (1.85 – 4.8) 1.58 (1.07 – 2.34) 1.43 (1.04 – 1.97) 1.69 (1.23 - 2.32) 1.26 (0.92 – 1.73) 2.1 (1.52 – 2.88) 

Decision Latitude             
High 1 1 1 1 1 1 
Low 1.77 (1.29 - 2.43) 1.63 (1.12 - 2.37) 1.22 (0.92 - 1.62) 1.63 (1.24 - 2.13) 1.8 (1.36 - 2.4) 1.33 (1 - 1.79) 
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Table 22: Psychosocial and Psychological Categories and OR’s (At least 95% C.I) – Adjusted for Sex, Age, and Job Difficulty 

Psychosocial & 
Psychological 

Categories 

 
Any 

 
Head/Neck 

 

 
Shoulder 

Upper 
Extremity 

Low 
Back 

Lower 
Extremity 

Job Demand   
 

        
Low 1 1 1 1 1 1 
High 3.4 (2.2 - 5.22) 2.15 (1.48 - 3.12) 2.2 (1.64 - 2.96) 1.98 (1.47 - 2.66) 2.52 (1.82 - 3.49) 1.6 (1.18 - 2.16) 

Job Control   
 

        
High 1 1 1 1 1 1 
Low 1.75 (1.25 - 2.47) 1.6 (1.09 - 2.36) 1.27 (0.95 - 1.71) 1.56 (1.17 - 2.07) 1.75 (1.3 - 2.35) 1.39 (1.02 - 1.88) 

Job Strain   
 

        
Low 1 1 1 1 1 1 
High 3.35 (2.3 - 4.87) 2.14 (1.46 - 3.15) 1.79 (1.33 - 2.41) 2.05 (1.54 - 2.73) 2.42 (1.8 - 3.27) 2.03 (1.49 - 2.76) 

Job Satisfaction   
 

        
High 1 1 1 1 1 1 
Low 3.33 (2.37 - 4.69) 2.21(1.47 - 3.35) 2.11 (1.55 - 2.86) 2.18 (1.64 - 2.9) 2.12 (1.57 - 2.86) 1.87 (1.37 - 2.55) 

Supervisor Support 
   

 
  

High 1 1 1 1 1 1 
Low 3.61 (2.08 – 6.26) 1.51 (1 – 2.28) 1.42 (1.01 – 1.98) 1.79 (1.27 - 2.52) 1.26 (0.91 – 1.76) 2.22 (1.58 – 3.1) 

Decision Latitude   
 

        
High 1 1 1 1 1 1 
Low 1.75 (1.25 - 2.47) 1.6 (1.09 - 2.36)  1.24 (0.92 - 1.66) 1.56 (1.17 - 2.07) 1.78 (1.32 - 2.4) 1.41 (1.03 - 1.91) 
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2.3 Results 
 
2.3.1 Prevalence & Characteristics 

 
Prevalence and characteristics of musculoskeletal pain and 

discomfort across all anatomical sites is presented in Table 15. 

Highest prevalence of musculoskeletal pain & discomfort was 

observed in Hand/Wrist at 43% (n=440), followed by Low Back at 35% 

(n=357), Shoulder at 33% (n=40), Elbow at 19% (n=191), Knee at 17% 

(n=177), Ankle/Feet at 17% (n=171), Head/Neck at 17% (n=169), and 

lastly in Hips at 6% (n=64). 

Subjects self-reported intensity of pain on the day of data 

collection on a 0-100 VAS. Highest mean intensity of pain was observed 

in the following anatomical sites in a descending order: Ankle/Feet (30.2 ± 

27.2), Head/Neck (27.72 ± 22.6), Hand/Wrist (27.5 ± 24.2), Low Back 

(25.7 ± 25), Elbow (25.7 ± 23.7) Shoulder (23.7 ± 23.6), Knee (23.2 ± 

24.4), and Hip (20.9 ± 22.5). 

Subjects also self-reported intensity of worst pain in the last year 

from the day of data collection on a 0-100 VAS. Highest mean intensity of 

worst pain in the last year was observed in the following anatomical sites 

in a descending order: Low Back (76 ± 20.3), Ankle/Feet (73.6 ± 23.2), 

Head/Neck (73.6 ± 18.6), Hip (72.9 ± 22.9), Hand/Wrist (70.6 ± 20.5), 

Shoulder (69.8 ± 20.9), Elbow (67.7 ± 20.6), and Knee (67.3 ± 22.7).  
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2.3.2 Consequences 
 

Consequences of musculoskeletal pain and discomfort across all 

anatomical sites is presented in Table 16. 

Out of the subjects indicating pain in Head/Neck – 76% (n=128) 

had clinic visits, 3.6% (n=6) were placed on a restricted duty, and 11.2% 

(n=19) had lost work time days. 

Out of the subjects indicating pain in Shoulder – 62% (n=212) had 

clinic visits, 8.2% (n=28) were placed on a restricted duty, and 7.9% 

(n=27) had lost work time days. 

Out of the subjects indicating pain in Elbow – 58% (n=110) had 

clinic visits, 7.3% (n=14) were placed on a restricted duty, and 4.7% (n=9) 

had lost work time days. 

Out of the subjects indicating pain in Hand/Wrist – 60% (n=266) 

had clinic visits, 8.1% (n=36) were placed on a restricted duty, and 8.1% 

(n=36) had lost work time days. 

Out of the subjects indicating pain in Low Back – 83% (n=297) 

had clinic visits, 7.8% (n=28) were placed on a restricted duty, and 19.6% 

(n=70) had lost work time days. 

Out of the subjects indicating pain in Hips – 72% (n=46) had clinic 

visits, 3.1 (n=2) were placed on a restricted duty, and 15.6% (n=10) had 

lost work time days. 
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Out of the subjects indicating pain in Knees – 61% (n=108) had 

clinic visits, 1.7% (n=3) were placed on a restricted duty, and 11.8% 

(n=21) had lost work time days. 

Out of the subjects indicating pain in Ankle/Feet – 54% (n=93) had 

clinic visits, 3.5% (n=6) were placed on a restricted duty, and 8.7% (n=15) 

had lost work time days. 

 
2.3.3 Risk Factors 

 
2.3.3.1 Personal Risk Factors 

 
Personal risk factors associated with of musculoskeletal pain and 

discomfort across all anatomical sites is presented in Table 17. 

Sex, age, BMI, pre-diagnosed medical conditions, and engaging in 

outside job activities were significantly associated with Head/Neck pain 

and discomfort. 

Sex, years of experience, pre-diagnosed medical conditions, and 

engaging in outside job activities were significantly associated with 

Shoulder pain and discomfort. 

Age, BMI, and pre-diagnosed medical conditions were 

significantly associated with Elbow pain and discomfort. 

Sex, age, and pre-diagnosed medical conditions were significantly 

associated with Hand/Wrist pain and discomfort. 
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Age, smoking status, years of experience, pre-diagnosed medical 

conditions, and engaging in outside job activities were significantly 

associated with Low Back pain and discomfort. 

Years of experience, pre-diagnosed medical conditions, and 

engaging in outside job activities were significantly associated with Hip 

pain and discomfort. 

Age, and pre-diagnosed medical conditions were significantly 

associated with Knee pain and discomfort. 

BMI, and pre-diagnosed medical conditions were significantly 

associated with Ankle/Feet pain and discomfort. 

 
2.3.3.2 Psychophysical Risk Factors 

 
Psychophysical risk factors associated with of musculoskeletal 

pain and discomfort across all anatomical sites is presented in Table 18. 

RPE was significantly associated with pain and discomfort in 

Head/Neck, Shoulder, Low Back, Knee, and Ankle/Feet. 

 
2.3.3.3 Primary Job-Related Risk Factors 

 
Primary Job-Related risk factors associated with of 

musculoskeletal pain and discomfort across all anatomical sites is 

presented in Table 19. 

Type of shift worked (Day shift/Swing shift) was significantly 

associated with pain and discomfort in Head/Neck, Shoulder, and Elbow. 
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2.3.3.4 Psychosocial Risk Factors 
 

Psychosocial risk factors associated with of musculoskeletal pain 

and discomfort across all anatomical sites is presented in Table 22, and 

Table 23. 

High Job Demand was significantly associated with pain and 

discomfort of all anatomical sites. 

Low Job Control was significantly associated with pain and 

discomfort of all anatomical sites, except for Shoulder. 

High Job Strain was significantly associated with pain and 

discomfort of all anatomical sites. 

Low Job Satisfaction was significantly associated with pain and 

discomfort of all anatomical sites. 

Low Supervisor Support was significantly associated with pain and 

discomfort of all anatomical sites, except for Low Back. 

Low Decision Latitude was significantly associated with pain and 

discomfort of all anatomical sites, except for Shoulder. 
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Chapter 3: Identifying Multi-Site Associations of Pain & Discomfort 

 

3.1 Introduction 

The previous study aimed to identify associations between localized pain and 

discomfort on a single anatomical site and multiple risk factors. However, 

musculoskeletal pain is often widespread and occurs on multiple anatomical sites 

(Coggon et al., 2013). Epidemiological research concentrating solely on localized pain 

fails to provide a complete picture of the progression and severity of an injury (Kamaleri 

et al., 2008, 2009). Moreover, it is not only common to develop pain on multiple sites in 

the same anatomical region but also in completely different regions at the same time 

(Picavet & Schouten, 2001). (Parot-Schinkel et al., 2012) states that, there is a need to 

conduct further research to clearly identify the determinants of multi-site pain. This study 

aims to investigate the prevalence of multi-site pain and discomfort, identify associations 

between multi-site pain and multiple risk factors simultaneously, and identify 

associations among the pairs of multi-site pain (Simon S. Yeung et al., 2002). 

 

3.2 Methods 

Multi-site pain is defined as presence of pain and discomfort in at least two sites. 

Several other categories are also created that combine individual anatomical site into 

anatomical regions such as, a) Head/Neck and Shoulder, b) Elbow and Hand/Wrist, c) 

Upper Extremity (Shoulder, Elbow and Hand/Wrist), d) Lower Extremity (Hip, Knee and 

Ankle/Feet) as well as general categories such as e) At least 2 sites, f) At least 3 sites, g) 

At least 5 sites and h) All sites (Neupane et al., 2013, 2016). Combining anatomical sites 

can also be beneficial when referred pain is present such as in the head/neck and shoulder 
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where it can be difficult for subject’s to clearly distinguish pain and injury locations. For 

example, the muscles of the neck transition into and overlap with the shoulder muscles; 

an injury in one or the other can result in pain “referred” to the nearby region (e.g., 

shoulder injury that results in neck discomfort or vice versa). Subjects are classified as 

‘Cases’ if they indicate presence of pain and discomfort. 

The purpose of this experiment is to test the hypotheses that; There exists 

significant associations among the pairs of multi-site pain. The original study was 

cross-sectional in nature with some retrospective aspects. In the subject interview form 

the subjects were asked to indicate their intensity of a) Worst pain in the last year, and b) 

Intensity of pain today on a 0-100 VAS. This retrospective aspect of the study is 

leveraged to form a current “Prospect-ish” study – meaning ‘worst pain in the last year’ is 

used to predict ‘pain today’. 

Since the subjects scored their intensity of pain on a 0-100 VAS, two analyses are 

conducted with different threshold values of intensity of symptom – a) Intensity of worst 

pain in the last year greater than 15 on a scale of 0-100 VAS, and b) intensity of worst 

pain in the last year greater than 50 on a 0-100 VAS. This will enable correcting for 

individuals that indicated a minimal symptom such as a pain rating of 2/100. 

Prevalence of pain at a single anatomical site will be determined if the employee 

marked a score greater than 15 for intensity of ‘pain today’ on a 0-100 VAS. Logical 

operators (AND, OR) will be used to determine prevalence of multisite pain depending 

on the categories listed in Table 24. For example, an employee will be considered a 

‘Case’ for Lower Extremity (LE), if they answered ‘Yes’ to Hip Pain OR Knee Pain OR 
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Ankle/Feet Pain. Overall prevalence for each category is calculated and further broken 

down by gender. Prevalence is listed as a percentage. 

Univariate binary logistic regression analysis is used to identify associations 

among the pairs of multi-site pain and discomfort. In this experiment, all of the variables 

are ‘Cases’, i.e. present symptoms, but in this study ‘worst pain in the last year (WP)’ 

will function as an independent variable and ‘pain today (PT)’ will function as an 

dependent variable. For example, if we want to test the hypothesis, “How likely is it that 

an individual that experienced elbow pain in the last year, will also experience pain in the 

wrist today”. Crude and adjusted (adjusted for sex and age) odd’s ratios is reported in 

Table 25 (WP>15, PT>15) and Table 26 (WP>50, PT>15). Significance is determined at 

p < 0.05 level. 
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Table 23: Prevalence of Multisite Pain 

Anatomical Site Overall 
Prevalence 

(%) 

Prevalence Distributed by Gender 
(%) 

 
Males Females 
735 274 

n % n % n % 
Head/ Neck & Shoulder 400 39.4% 263 35.8% 137 50.0% 
Elbow & Hand/Wrist 527 51.9% 345 46.9% 179 65.3% 
(UE) Shoulder, Elbow & Hand/Wrist  640 63.0% 432 58.8% 205 74.8% 
(LE) Hip, Knee & Ankle/Feet 306 30.1% 215 29.3% 90 32.8% 
At least 2 sites 526 52.1% 343 46.7% 183 66.8% 
At least 3 sites 313 30.8% 206 28.0% 106 38.7% 
At least 4 sites 147 14.5% 92 12.5% 55 20.1% 
At least 5 sites 79 7.8% 47 6.4% 32 11.7% 
At least 6 sites 42 4.1% 22 3.0% 50 18.2% 
At least 7 sites 12 1.2% 7 1.0% 5 1.8% 
All 8 sites 4 0.4% 0 0.0% 4 1.5% 
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Table 24: Multisite association of pain across all anatomical sites (WP>15, PT>15) with OR's (95% C.I) - Adjusted for sex and age 

 PT > 15 (Pain Today) 
 
 
 
 
 

WP>15 
(Past Year)  

 HN Sh El HW Lb Hip Kn AF 

HN  
& 
Sh  

El  
& 

HW  
Any 
UE 

Any 
LE ANY 

n (%) 
  

116 (11.4) 
  

211 (20.8) 
  

108 (10.6) 
  

268 (26.4) 
  

205 (20.2) 
  

31 (3.1) 
  

92 (9.1) 
  

109 (10.7) 
  

265 (26.1) 
  

 
327 (32.2) 
  

423 (41.6) 
  

196 (19.3) 
  

564 (55.5) 
  

HN 
169 

(16.6) 1 2.9 
(1.9 - 4.3) 

1.2 
(0.7 - 2.1) 

1.4 
(0.9 - 2.1) 

2.1 
(1.4 - 3.2) 

3.4 
(1.5 - 7.7) 

2.2 
(1.3 - 3.7) 

1.6 
(0.9 - 2.7) 

12.2 
(8.2 - 18) 

1.4 
(1.0 - 2.1) 

1.8 
(1.3 - 2.6) 

2.0 
(1.3 - 3.0) 

4.9 
(3.1 - 7.7) 

Sh 
340 

(33.5) 
3.5 

(2.3 - 5.4) 1 2.1 
(1.3 - 3.2) 

1.8 
(1.3 - 2.5) 

2.1 
(1.5 - 2.9) 

1.8 
(0.8 - 3.9) 

2.0 
(1.2 - 3.1) 

2.3 
(1.4 - 3.5) --- 1.9 

(1.4 - 2.5) 
6.7 

(4.9 - 9.0) 
1.9 

( 1.4 - 2.7) 
5.3 

(3.9 - 7.3) 

El 
191 

(18.8) 
1.5 

(0.9 - 2.5) 
2.5 

(1.7 - 3.6) 1 2.0 
(1.4 - 2.9) 

1.2 
(0.8 - 1.8) 

2.0 
(0.8 - 4.6) 

2.4 
(1.4 - 3.9) 

1.3 
(0.8 - 2.1) 

2.1 
(1.5 - 2.9) 

7.6 
(5.3 - 11) 

6.3 
(4.3 - 9.1) 

1.6 
(1.1 - 2.4) 

5.1 
(3.4 - 7.7) 

HW 
440 

(43.3) 
2.2 

(1.4 - 3.5) 
2.2 

(1.6 - 3.1) 
1.7 

(1.1 - 2.7) 1 1.5 
(1.1 - 2.2) 

1.7 
(0.7 - 3.8) 

2.7 
(1.6 - 4.3) 

1.5 
(1.0 - 2.4) 

2.3 
(1.7 - 3.0) --- 

8.9 
(6.6 - 12) 

1.9 
(1.4 - 2.7) 

4.8 
(3.6 - 6.4) 

Lb 
357 

(35.1) 
3.0 

(1.9 - 4.6) 
2.2 

(1.4 - 2.7) 
1.2 

(0.8 - 1.9) 
1.6 

(1.2 - 2.2) 1 8.6 
(3.2 -23.3) 

2.2 
(1.4 - 3.6) 

2.2 
(1.4 - 3.4) 

2.3 
(1.7 - 3.1) 

1.6 
(1.2 - 2.1) 

1.9 
(1.4 - 2.5) 

2.7 
(1.9 - 3.8) 

5.4 
(4.0 - 7.4) 

Hip 
64 

(6.3) 
3.6 

(1.9 - 6.7) 
1.5 

(0.8 - 2.8) 
1.7 

(0.8 - 3.5) 
1.4 

(0.8 - 2.5) 
2.7 

(1.5 - 4.8) 1 3.3 
(1.7 - 6.5) 

3.2 
(1.7 - 6.1) 

2.2 
(1.3 - 3.7) 

1.6 
(0.9 - 2.7) 

1.7 
(1.0 - 2.9) --- 

4.3 
(2.1 - 8.7) 

Kn 
177 

(17.4) 
2.4 

(1.5 - 3.8) 
1.4 

(0.9 - 2.1) 
1.6 

(0.9 - 2.6) 
2.0 

(1.4 - 3.0) 
1.6 

(1.1 - 2.4) 
2.1 

(0.9 - 4.9) 1 3.0 
(1.9 - 4.8) 

1.6 
(1.1 - 2.3) 

1.7 
(1.2 - 2.4) 

1.7 
(1.2 - 2.4) --- 

2.7 
(1.9 - 4.0) 

AF 
171 

(16.8) 
2.7 

(1.7 - 4.2) 
2.1 

(1.4 - 3.1) 
1.2 

(0.7 - 2.0) 
1.6 

(1.1 - 2.4) 
1.8 

(1.2 - 2.7) 
2.0 

(0.8 - 4.8) 
4.5 

(2.8 - 7.2) 1 2.5 
(1.7 - 3.5) 

1.8 
(1.2 - 2.5) 

1.9 
(1.4 - 2.7) --- 

5.4 
(3.5 - 8.5) 
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Table 25: Multisite association of pain across all anatomical sites (WP>50, PT>15) with OR's (95% C.I) - Adjusted for sex and age 

 PT > 15 (Pain Today) 
 
 
 
 

WP > 50 
(Past Year) 

 HN Sh El HW Lb Hip Kn AF 

HN  
& 
Sh  

El  
& 

HW  
Any 
UE 

Any 
LE ANY 

n (%) 

 
116 (11.4) 

  
211 (20.8) 

  
108 (10.6) 

  
268 (26.4) 

  
205 (20.2) 

  
31 (3.1) 

  
92 (9.1) 

  
109 (10.7) 

  
265 (26.1) 

  
327 (32.2) 

  
423 (41.6) 

  
196 (19.3) 

  
564 (55.5) 

  

HN 
153 

(15.1) 1 3.3 
(2.2 - 5.0) 

1.5 
(0.9 - 2.6) 

1.8 
(1.2 - 2.7) 

2.3 
(1.5 - 3.5) 

4.0 
(1.8 - 9.1) 

2.4 
(1.4 - 4.1) 

1.6 
(1.0 - 2.8) --- 

1.7 
(1.2 - 2.5) 

2.3 
(1.6 - 3.3) 

2.2 
(1.5 - 3.3) 

6.6 
(3.9 - 10.9) 

Sh 
285 

(28.1) 
4.1 

(2.7 - 6.4) 1 2.8 
(1.8 - 4.4) 

2.1 
(1.5 - 2.9) 

2.4 
(1.7 - 3.4) 

1.5 
(0.7 - 3.4) 

2.0 
(1.3 - 3.2) 

2.2 
(1.4 - 3.4) --- 

2.3 
(1.7 - 3.1) --- 

2.0 
(1.4 - 2.8) 

6.2 
(4.4 - 8.9) 

El 
164 

(16.1) 
1.4 

(0.9 - 2.4) 
2.6 

(1.8 - 3.9) 1 2.4 
(1.6 - 3.5) 

1.2 
(0.8 - 1.9) 

1.6 
(0.6 - 4.1) 

2.7 
(1.6 - 4.5) 

1.3 
(0.8 - 2.3) 

2.2 
(1.5 - 3.1) --- --- 

1.7 
(1.2 - 2.6) 

6.3 
(3.9 - 10.1) 

HW 
376 
(37) 

2.5 
(1.6 - 3.9) 

2.4 
(1.7 - 3.4) 

2.3 
(1.5 - 3.6) 1 1.9 

(1.3 - 2.7) 
1.65 

(0.75 3.64) 
3.3 

(2.0 - 5.4) 
1.5 

(1.0 - 2.4) 
2.4 

(1.8 - 3.3) --- --- 
2.4 

(1.7 - 3.3) 
6.3 

(4.6 - 8.6) 

Lb 
334 

(32.9) 
2.9 

(1.9 - 4.4) 
2.1 

(1.5 - 3.0) 
1.3 

(0.8 - 2.1) 
1.7 

(1.2 - 2.4) 1 7.8 
(3.0 - 19.7) 

2.5 
(1.6 - 4.0) 

2.0 
(1.3 - 3.2) 

2.4 
(1.8 - 3.2) 

1.7 
(1.3 - 2.3) 

2.1 
(1.6 - 2.8) 

2.7 
(2.0 - 3.8) 

6.1 
(4.4 - 8.5) 

Hip 
54 

(5.3) 
3.8 

(1.9 - 7.5) 
1.5 

(0.8 - 3.0) 
1.6 

(0.7 - 3.7) 
1.4 

(0.7 - 2.7) 
3.2 

(1.7 - 6.0) 1 3.9 
(1.9 - 7.8) 

3.9 
(1.9 - 7.6) 

2.2 
(1.2 - 3.9) 

1.5 
(0.8 - 2.7) 

1.8 
(1.0 - 3.1) --- 

5.3 
(2.3 - 12.1) 

Kn 
146 

(14.4) 
2.2 

(1.3 - 3.6) 
1.5 

(1.0 - 2.3) 
2.0 

(1.2 - 3.3) 
2.1 

(1.4 - 3.2) 
1.7 

(1.1 - 2.6) 
2.83 

(1.2 - 6.5) 1 2.8 
(1.7 - 4.7) 

1.6 
(1.1 - 2.4) 

1.9 
(1.3 - 2.8) 

1.9 
(1.3 - 2.8) --- 

3.6 
(2.3 - 5.5) 

AF 
147 

(14.5) 
2.9 

(1.8 - 4.7) 
2.3 

(1.5 - 3.4) 
1.6 

(0.9 - 2.7) 
1.7 

(1.1 - 2.6) 
2.1 

(1.4 - 3.2) 
2.3 

(1.0 - 5.5) 
4.6 

(2.8 - 7.6) 1 2.7 
(1.8 - 3.9) 

1.8 
(1.3 - 2.7) 

2.1 
(1.5 - 3.1) --- 

8.7 
(4.9 - 15.1) 
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3.3 Results 

3.3.1 Prevalence of multisite pain 

Overall prevalence of employees/subjects experiencing multisite 

pain is reported in Table 24. 

529 employees, out of which 342 were males and 183 were 

females experienced pain in at least 2 anatomical sites at the same time. 

400 employees, out of which 263 were males and 137 were 

females experienced pain in Head/Neck and Shoulder at the same time. 

527 employees, out of which 345 were males and 179 were 

females experienced pain in Elbow and Hand/Wrist at the same time. 

640 employees, out of which 432 were males and 205 were 

females indicated that they experienced pain in at least one of the upper 

extremity (UE) sites (Shoulder, Elbow, Hand/Wrist). 

306 employees, out of which 215 were males and 90 were females 

indicated that they experienced pain in at least one of the lower extremity 

(LE) sites (Hip, Knee, Ankle/Feet). 

4 employees, all females indicated that they were experiencing 

some level pain at all 8 sites. 

 

3.3.2 Multisite association of pain (WP > 15, PT > 15) 

Multisite association of pain adjusted for sex and age 

across all anatomical sites with their respective confidence 

intervals is reported in Table 25. 
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Head/Neck pain (WP>15) in the past year was found to be 

significantly associated with pain today (PT>15) in Shoulder, Low back, 

Hip, Knee, Head/Neck & Shoulder together, Elbow and Hand/Wrist 

together, at least 1 UE site, and at least 1 LE site. 

Shoulder pain (WP>15) in the past year was found to be 

significantly associated with pain today (PT>15) in Head/Neck, Elbow, 

Hand/Wrist, Low back, Knee, Ankle/Feet, Elbow and Hand/Wrist 

together, at least 1 UE site, and at least 1 LE site. 

Elbow pain (WP>15) in the past year was found to be significantly 

associated with pain today (PT>15) in Shoulder, Hand/Wrist, Knee, 

Head/Neck & Shoulder together, Elbow and Hand/Wrist together, at least 

1 UE site, and at least 1 LE site. 

Hand/Wrist pain (WP>15) in the past year was found to be 

significantly associated with pain today (PT>15) in Head/Neck, Shoulder, 

Elbow, Low back, Knee, Ankle/Feet, Head/Neck & Shoulder together, at 

least 1 UE site, and at least 1 LE site. 

Low back (WP>15) in the past year was found to be significantly 

associated with pain today (PT>15) in Head/Neck, Shoulder, Hand/Wrist, 

Hip, Knee, Ankle/Feet, Head/Neck & Shoulder together, Elbow and 

Hand/Wrist together, at least 1 UE site, and at least 1 LE site. 

 



70 
 

Hip pain (WP>15) in the past year was found to be significantly 

associated with pain today (PT>15) in Head/Neck, Low back, Knee, 

Ankle/Feet, Head/Neck & Shoulder together, at least 1 UE site, and at 

least 1 LE site. 

Knee pain (WP>15) in the past year was found to be significantly 

associated with pain today (PT>15) in Head/Neck, Hand/Wrist, Low back, 

Hip, Ankle/Feet, Head/Neck & Shoulder together, Elbow and Hand/Wrist 

together, and at least 1 UE site. 

Ankle/Feet pain (WP>15) in the past year was found to be 

significantly associated with pain today (PT>15) in Head/Neck, Shoulder, 

Hand/Wrist, Low back, Knee, Head/Neck & Shoulder together, Elbow and 

Hand/Wrist together, and at least 1 UE site. 

 

3.3.3 Multisite association of pain (WP > 50, PT > 15) 

Multisite association of pain adjusted for sex and age across all 

anatomical sites with their respective confidence intervals is reported in 

Table 26. 

Head/Neck pain (WP>50) in the past year was found to be 

significantly associated with pain today (PT>15) in Shoulder, Hand/Wrist, 

Low back, Hip, Knee, Ankle/Feet, Elbow and Hand/Wrist together, at 

least 1 UE site, and at least 1 LE site. 
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Shoulder pain (WP>50) in the past year was found to be 

significantly associated with pain today (PT>15) in Head/Neck, Elbow, 

Hand/Wrist, Low back, Knee, Ankle/Feet, Elbow and Hand/Wrist 

together, and at least 1 LE site. 

Elbow pain (WP>50) in the past year was found to be significantly 

associated with pain today (PT>15) in Shoulder, Hand/Wrist, Knee, 

Head/Neck & Shoulder together, and at least 1 LE site. 

Hand/Wrist pain (WP>50) in the past year was found to be 

significantly associated with pain today (PT>15) in Head/Neck, Shoulder, 

Elbow, Low back, Knee, Ankle/Feet, Head/Neck & Shoulder together, and 

at least 1 LE site. 

Low back pain (WP>50) in the past year was found to be 

significantly associated with pain today (PT>15) in Head/Neck, Shoulder, 

Hand/Wrist, Hip, Knee, Ankle/Feet, Head/Neck & Shoulder together, 

Elbow and Hand/Wrist together, at least 1 UE site, and at least 1 LE site. 

Hip pain (WP>50) in the past year was found to be significantly 

associated with pain today (PT>15) in Head/Neck, Low back, Knee, 

Ankle/Feet, Head/Neck & Shoulder together, at least 1 UE site, and at 

least 1 LE site. 

Knee pain (WP>50) in the past year was found to be significantly 

associated with pain today (PT>15) in Head/Neck, Shoulder, Elbow, 

Hand/Wrist, Low back, Hip, Ankle/Feet, Head/Neck & Shoulder together, 

Elbow and Hand/Wrist together, and at least 1 UE site. 
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Ankle/Feet pain (WP>50) in the past year was found to be 

significantly associated with pain today (PT>15) in Head/Neck, Shoulder, 

Hand/Wrist, Low back, Hip, Knee, Ankle/Feet, Head/Neck & Shoulder 

together, Elbow and Hand/Wrist together, and at least 1 UE site. 
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Chapter 4: Developing a Continuous Severity Scale (CSS) & Using Machine Learning 
Tools to Identify Job Characteristics to Aid in Model Building 

 

4.1 Introduction 

Overly simplified, non-specific case-definitions such as “Presence of pain” may 

overstate injuries and highly specific diagnostic outcomes (i.e., Lateral Epicondylitis) 

may understate the true number of injured employees (Cimmino et al., 2011; Harden et 

al., 2007; Harrington et al., 1998; L. Punnett et al., 2004a; Laura Punnett & Wegman, 

2004b; Sluiter’ et al., n.d.). However, a continuous case definition that takes into 

consideration the intensity, duration, treatment seeking patterns and consequences of pain 

to produce a spectrum of disability ranging from “Little to None (Completely Normal)” 

to “Completely Disabled” could help correct for these over- or under-diagnoses.  A 

continuous definition of health outcome more realistically models the state that injured 

persons encounter. Injuries, particularly WMSDs, typically develop gradually and, 

likewise, heal gradually.  A dichotomous injury definition (i.e., “healthy” or “injured”) 

ignores the complex nature of injuries and fails to allow for nuanced investigation of 

“gray jobs”: those jobs that do not appear “very safe” or “very hazardous.” In fact, many 

epidemiological studies create case and control definitions that exclude many of the inter-

mediate risk, or “gray” jobs. Similarly, some epidemiological studies have used dual-cut 

points for risk assessment tool outcomes to create greater separation of data. For 

example, in studies of the Revised NIOSH Lifting Equation (RNLE), authors will often 

compare jobs with Lifting Indices (LIs) < 1 to jobs with LIs > 3, ignoring the 

intermediate risk jobs (LIs between 1 and 3) (Boda et al., 2012; Drinkaus et al., 2005; 

Marras et al., 1999; Sesek, 2003). A continuous health outcome would allow exploration 
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of those “gray” jobs whose workers would be expected to fall somewhere on the 

continuum from “completely normal” to “severely disabled” such as “moderately 

disabled.” 

 

 

The ergonomic data [Appendix 4] collected by the researchers is essentially a 

critical analysis of each job. These jobs were further broken down into up to seven tasks 

and were recorded using a question set that contains over 230 variables, out of which 

several are categorical variables containing five or more categories. With this amount of 

detailed information across eight body parts, it is virtually impossible to test associations 

with each job characteristic and development of WMSD manually. Machine learning 

(ML) is a tool that utilizes advanced statistical methods and algorithms by analyzing 

specific patterns to build strong models that predict risk of developing WMSDs without 

relying on explicit instructions by the user and user biases (Asensio-Cuesta et al., 2010; 

Suárez Sánchez et al., 2014). 

A vast amount of data was collected in the original study of 1998. Another 

objective of the current study is to develop mathematical models with the help of 

machine learning tools that can be applied on future studies that are similar in nature. In 

epidemiological studies, often statistical (mathematical) tools are used to develop 

predictive models however, the accuracy of these models depend on the pre-processing 

Figure 10: Illustration of a Continuous Severity Scale (CSS) 
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carried out before beginning analysis, for example, checking variables for normality and 

if not normal then selecting and applying appropriate transformations, checking for 

outliers, and checking for multi-collinearity. This process quickly becomes time-intensive 

and prone to errors as the number of variables are increased. ML as a tool has been used 

in epidemiological studies to develop predictive models, (Zurada et al., 1997) and (C. L. 

Chen et al., 2004; C.-L. Chen et al., 2000) developed models for the prediction of low-

back disorders by applying ML algorithms such as Artificial Neural Networks (ANN) on 

historical databases.  

ML algorithms work by generally partitioning the database to be analyzed into 

two groups – Training and Testing. The algorithms “learn” on the ‘Training’ section of 

the database and applies its learning on the ‘Testing’ section, and then provide a 

percentage accuracy of its learnings. The goal of this study is to create a ‘Training’ 

database so that the appropriate algorithms can be applied and tested on future 

epidemiological studies. An illustration of this logic is shown in Figure 11.  

In this study IBM SPSS Modeler v18.0 will be used to apply various ML 

algorithms such as Linear Regression, C&R Tree, CHAD, and Decision Tree to develop 

models that can serve as a ‘Training’ model, to be applied on future studies.  
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Figure 11: Illustration of Data Partitioning in SPSS Modeler v.18 
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4.2 Methods 

4.2.1 Continuous Severity Scale (CSS) 

Since our outcome is a continuous severity scale, it is necessary to 

aggregate tasks by converting categorical type data into a continuous set of data. 

This is accomplished by summing up exposure for a category across all tasks for a 

given job. For example, consider employee X, performing job 6017. Three tasks 

are analyzed for job 6017; "Task1, Task2, and Task 3". In Task 1, the employee 

grips an object with a grip value = 1 (Wrap Grip) for 100 repetitions, in Task 2, 

the employee grips an object with a grip value = 4 (Oblique Grip) for 50 

repetitions, and in Task 3, the employee grips an object with a grip value = 1 

(Wrap Grip) for 25 repetitions. 

Table 26: Data Preparation to Develop CSS - A 

Job ID Task Grip 
Position 

Reps 

6017 1 1 100 
6017 2 4 50 
6017 3 1 25 

 

Then, employee X performs a total of 125 repetitions in a “Wrap Grip” and 50 

repetitions in an “Oblique Grip” for job 6017. 

 

Table 27: Data Preparation to Develop CSS - B 

Job ID Grip Position 
1 2 3 4 5 6 7  

Repetitions 
6017 125 0 0 50 0 0 0 
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Initially, a proposed method to develop a CSS was by breaking down the 

selected parameters into categories and assigning weights proportional to an 

increase in the severity of the parameters. The selected parameters are a) Point 

prevalence of intensity of pain, b) Worst possible intensity of pain, c) Number of 

episodes of pain, d) Duration of each episode of pain, e) Treatment seeking 

patterns, and f) Resulting lost work time OR placement on light/restricted duty. 

Table 27 describes the categories: 

Table 28: Weighted Categories to enable development of CSS 

Weights 0 10 20 30 40 50 
Pain Today PT=0 0 < PT <=10 10 < PT <= 25 25 < PT <= 50 50 < PT <= 75 PT >= 75 

Worst Pain WP=0 0 < WP <=10 10 < WP <= 25 25 < WP <= 50 50 < WP <= 75 WP >= 75 

No. of episodes 0 <= 12 12 < No. <= 52 52 < No. <= 104 104 <= No. < 365 No. = 365 

Duration 0 1 hr <= Dur <= 
1 day 

1 day to 1 week 1 week < Dur. <= 1 
month 

1 month < Dur. <=3 
months 

Dur. >= 
3months 

FTOV 0 1 2 3 4 >4 

Restricted Duty & 
LWT 

0 1 day < LWT < 
1 week 

1 week <= LWT < 
1 month 

1 month <= LWT < 
3 months 

3 Months <= LWT < 
6 months 

LWT >= 6 
months 

 

This proposed “Method 1” scale generated a continuous outcome of 

severities ranging from a minimum value of 0 to a maximum value of 300. For 

example, if an employee X indicates that his ‘Pain Today’ = 15, ‘Worst Pain’ = 

70, experiences pain once a week (‘Number of episodes’ = 52), the pain lasts for a 

couple of days (‘Duration’ = 2 days), sought treatment 3 times in the past year 

(‘FTOV = 3’), and was placed on a restricted duty for 2 weeks (‘LWT = 2 weeks) 

then the severity score was be calculated as shown in Figure 12. 
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 A CSS using the above proposed method was calculated across all 

anatomical sites for employees who experienced musculoskeletal pain and disc 

discomfort. Histograms displaying the distribution of the CSS scores across all 

anatomical sites are shown below (Figures 13 – 20). 

  

Figure 12: Example of Calculating CSS 
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Figure 13: Distribution of Head/Neck CSS using Method 1 

 

Figure 14: Distribution of Shoulder CSS using Method 1 
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Figure 15: Distribution of Elbow CSS using Method 1 

 

Figure 16: Distribution of Hand/Wrist CSS using Method 1 
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Figure 17: Distribution of Low Back CSS using Method 1 

 

Figure 18: Distribution of Hip CSS using Method 1 
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Figure 19: Distribution of Knee CSS using Method 1 

 

Figure 20: Distribution of Ankle/Feet CSS using Method 1 
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However midway in analyses, a decision was taken to create a new CSS 

without using arbitrary weights by performing simple addition of all outcomes – 

This was “Method 2”, all further analyses were carried out using this method. For 

example, if an employee X indicates that his ‘Pain Today’ = 15, ‘Worst Pain’ = 

70, experiences pain once a week (‘Number of episodes’ = 52), the pain lasts for a 

couple of days (‘Duration’ = 2 days), sought treatment 3 times in the past year 

(‘FTOV = 3’), and was placed on a restricted duty for 2 weeks (‘LWT = 2 weeks) 

then the severity score will be calculated as follows: 

 

Pearson correlation was run between the new CSS (Method 2) and WP in 

the last year. CSS across all anatomical sites were significantly correlated with 

WP in the last year. CSS developed by method 1 and method 2 were also 

significantly correlated with each other as well as with WP in the last year. 

“Method 2” was developed and used to eliminate the need of assigning arbitrary 

weights. Results from the correlation analyses are as follows: 

The correlation between Head/Neck – Worst Pain and Head/Neck – 

Continuous Severity Scale is significant (r = 0.349 , p < 0.01). The correlation 

between Shoulder – Worst Pain and Shoulder – Continuous Severity Scale is 

significant (r = 0.256 , p < 0.01). The correlation between Elbow – Worst Pain 

Figure 21: Example of Calculating CSS using Method 2 
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and Elbow – Continuous Severity Scale is significant (r = 0.319 , p < 0.01). The 

correlation between Hand/Wrist – Worst Pain and Hand/Wrist – Continuous 

Severity Scale is significant (r = 0.326 , p < 0.01). The correlation between Low 

back – Worst Pain and Low back – Continuous Severity Scale is significant (r = 

0.331 , p < 0.01 ). The correlation between Hip – Worst Pain and Hip – 

Continuous Severity Scale is significant (r = 0.364, p < 0.01). The correlation 

between Knee – Worst Pain and Knee – Continuous Severity Scale is significant 

(r = 0.346 , p < 0.01). The correlation between Ankle/Feet – Worst Pain and 

Ankle/Feet – Continuous Severity Scale is significant (r = 0.449 , p < 0.01). 

Histograms displaying the distribution of the CSS scores calculated using 

“Method 2” across all anatomical sites are shown below (Figures 22 – 29). 
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Figure 22: Distribution of Head/Neck CSS using Method 2 

 

Figure 23: Distribution of Shoulder CSS using Method 2 
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Figure 24: Distribution of Elbow CSS using Method 2 

 

Figure 25: Distribution of Hand/Wrist CSS using Method 2 
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Figure 26: Distribution of Low Back CSS using Method 2 

 

Figure 27: Distribution of Hip CSS using Method 2 
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Figure 28: Distribution of Knee CSS using Method 2 

 

Figure 29: Distribution of Ankle/Feet CSS using Method 2 
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4.2.2 Building models using ML tools 

IBM SPSS Modeler v18.0 was used as a software tools to develop 

‘Training’ models. Figure 30 provides a visual representation of the progression 

of steps and logic. 

The steps involved in this process are as follows: 

1) Data Input Node 

This node is used to upload the data to be analyzed to the program in either an 

MS Excel (.xlsx) file or an SPSS Statistics file (.sav). 

2) Data Inspection Node 

This node allows the user to check the uploaded data for outliers, missing 

values and classification of the data type, i.e., if the program accurately 

classified the data according to its type (categorical, continuous, nominal, 

etc.). 

3) Defining Data Type Node 

This node is used to define the target variable (Dependent variable (DV)), 

Independent Variable (IV), override the data type and allows the user to filter 

variables if required. 

4) Data Partition Node 

The program randomly partitions the data into two equal, ‘Training’ and 

‘Testing’ datasets. ‘Training’ data is where the program identifies and learns 

the association between the DV and IV’s and applies this learning on the 

‘Testing’ dataset to validate its learnings. The user can define the partitioning 

of the datasets other than the default 50-50 partitioning. The overarching goal 
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of this experiment is to conduct prospective studies by collecting similar data 

and applying the learnings from the current dataset. For example, the entire 

current  dataset will serve as ‘Training’ data and the learnings will be applied 

to data collected in the future to validate the developed predictive models. 

 

 

5) Results and Analysis Node 

Individual predictor variables, significance, and model accuracy can be 

viewed from this node. 

Four algorithms were selected for testing: a) Linear Regression, b) C&R 

Tree, c) CHAID, and d) Decision Tree. The yellow diamond shown in 

Figure 30 is a node that represents a built model and called as a “gold 

nugget”. 

 

 

Figure 30: Visual Representation of the ML process 
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4.3 Results 

Accuracy of models built with the ML algorithms across all anatomical 

sites with the CSS as a dependent variable is reported in Table 30. Model 

accuracy is reported for both, the ‘Training’ phase, and the ‘Testing’ phase. Each 

algorithm was applied twice – One that allowed variables that make up the CSS 

(outcomes such as WP, PT, FTOV, restricted duty, and LWT) and another 

without the outcomes. 

All algorithms performed exceptionally in building models with the 

outcomes included across all anatomical sites. The lowest ‘Testing’ model 

accuracy was 84% and most of the models had an accuracy over 91%. The 

algorithm, C&R Tree failed to create models for Hip, and the algorithm Decision 

Tree failed to create models for Elbow, Hip, Knee, and Ankle/Feet. 

Most of the algorithms did not perform well without the outcomes 

included. Linear Regression performed well as compared to other algorithms with 

the highest ‘Testing’ accuracy of 46%. However, all algorithms had a 

comparatively accurate ‘Training’ models. Such a result is likely due to 

partitioning the data in two equal parts (50 – 50) and further strengthens the 

assumption that more data [and/or] studies are required to build models that can 

accurately predict WMSDs.  

Figure 31 provides an illustration on the various combination of partition 

when multiple databases (studies) can be used to build even more robust models. 

ML is an efficient tool to analyze epidemiological studies and create models, 

these models will only get better when more amount of data is provided.  
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Table 29: Model Accuracy of 'Training' Models Across all Anatomical Sites 

 

 

 

 

 
 

Anatomical 
Sites 

Linear Regression C&R Tree CHAID Decision Tree 
w Outcomes w/o Outcomes w Outcomes w/o Outcomes w Outcomes w/o Outcomes w Outcomes w/o Outcomes 

Training Testing Training Testing Training Testing Training Testing Training Testing Training Testing Training Testing Training Testing 
                 

Head/Neck 99% 97% 83% 35% 97% 97% -- -- 100% 92% 89% 29% 97% 97% 0% 0% 

Shoulder 98% 96% 78% 46% 94% 93% 66% 38% 98% 94% 80% 34% 89% 87% 31% 17% 

Elbow 99% 95% 78% 16% 99% 97% -- -- 100% 97% 75% 6% -- -- -- -- 

Hand/Wrist 99% 98% 57% 32% 98% 98% 51% 16% 97% 97% 62% 18% 86% 91% 30% 24% 

Low Back 98% 95% 75% 45% 96% 93% 45% 37% 98% 91% 67% 25% 84% 86% 34% 18% 

Hip 99% 96% 92% 36% -- -- -- -- 99% 88% -- -- -- -- -- -- 

Knee 99% 96% 79% 5% 98% 94% 0% 0% 100% 94% 93% 6% -- -- -- -- 

Ankle/Feet 99% 91% 83% 12% 96% 84% -- -- 99% 93% 69% 10% -- -- -- -- 
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Figure 31: Illustration of Partitioning Logic with Multiple Databases 
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Chapter 5: Conclusion & Discussion 

 

5.1 Result Summary 

Results from the above studies are grouped by anatomical sites and are 

summarized below. 

5.1.1 Head/Neck 

Overall prevalence of Head/Neck pain and discomfort in the study 

population was 17%, out of which 60% of the subjects indicating 

Head/Neck Pain were males and 40% were females. Of the subjects with 

Head/Neck pain, 76% had at least one clinic visit due to the pain and 

discomfort. Sex, age, high BMI, presence of previously diagnosed 

conditions, involvement of outside work activities, RPE, shift worked, 

high job demand, low job control, high job strain, low job satisfaction, and 

pain at other sites were significantly associated with the pain and 

discomfort in Head/Neck. 

5.1.2 Shoulder 

Overall prevalence of Shoulder pain and discomfort in the study 

population was 33%, out of which 66% of the subjects indicating Shoulder 

pain were males and 34% were females. Of the subjects with Shoulder 

pain, 62% had at least one clinic visit due to the pain and discomfort. Sex, 

years of experience, presence of previously diagnosed conditions, RPE, 

shift worked, high job demand, high job strain, low job satisfaction, and 

pain at other sites were significantly associated with the pain and 

discomfort in Shoulder. 
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5.1.3 Elbow 

Overall prevalence of Elbow pain and discomfort in the study 

population was 19%, out of which 72% of the subjects indicating Elbow 

pain were males and 28% were females. Of the subjects with Elbow pain, 

58% had at least one clinic visit due to the pain and discomfort. Age, high 

BMI, presence of previously diagnosed conditions, shift worked, high job 

demand, high job strain, low job satisfaction, and pain at other sites were 

significantly associated with the pain and discomfort in Elbow. 

5.1.4 Hand/Wrist 

Overall prevalence of Hand/Wrist pain and discomfort in the study 

population was 43%, out of which 63% of the subjects indicating 

Hand/Wrist pain were males and 37% were females. Of the subjects with 

Hand/Wrist pain, 60% had at least one clinic visit due to the pain and 

discomfort. Sex, age, presence of previously diagnosed conditions, high 

job demand, high job strain, low job satisfaction, and pain at other sites 

were significantly associated with the pain and discomfort in Hand/Wrist. 

5.1.5 Low Back 

Overall prevalence of Low Back pain and discomfort in the study 

population was 35%, out of which 69% of the subjects indicating Low 

Back pain were males and 31% were females. Of the subjects with Low 

Back pain, 83% had at least one clinic visit due to the pain and discomfort. 

Age, smoking status, years of experience, presence of previously 

diagnosed conditions, involvement in outside work activities, RPE, high 
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job demand, high job strain, low job satisfaction, and pain at other sites 

were significantly associated with the pain and discomfort in Low Back. 

5.1.6 Hip 

Overall prevalence of Hip pain and discomfort in the study 

population was 6%, out of which 64% of the subjects indicating Hip pain 

were males and 36% were females. Of the subjects with Hip pain, 72% 

had at least one clinic visit due to the pain and discomfort. Years of 

experience, presence of previously diagnosed conditions, high job 

demand, high job strain, low job satisfaction, and pain at other sites were 

significantly associated with the pain and discomfort in Hip 

5.1.7 Knee 

Overall prevalence of Knee pain and discomfort in the study 

population was 17%, out of which 69% of the subjects indicating Knee 

pain were males and 31% were females. Of the subjects with Knee pain, 

61% had at least one clinic visit due to the pain and discomfort. Age, 

presence of previously diagnosed conditions, RPE, high job demand, high 

job strain, low job satisfaction, and pain at other sites were significantly 

associated with the pain and discomfort in Knee. 

5.1.8 Ankle/Feet 

Overall prevalence of Ankle/Feet pain and discomfort in the study 

population was 35%, out of which 69% of the subjects indicating 

Ankle/Feet pain were males and 31% were females. Of the subjects with 

Ankle/Feet pain, 83% had at least one clinic visit due to the pain and 



98 
 

discomfort. High BMI, presence of previously diagnosed conditions, RPE, 

high job demand, high job strain, low job satisfaction, and pain at other 

sites were significantly associated with the pain and discomfort in 

Ankle/Feet. 

 

5.2 Discussion 

This current study was possible due to a proposal sent out by the UAW-Ford 

NJCHS. Of the 11 studies identified in the automotive industry by conducting a 

systematic literature review, 2 came from UAW-Ford again, 2 from UAW-General 

Motors (GM), and 1 from UAW-Chrysler. Others were independent studies conducted in 

small manufacturing facilities or by simulating automotive work in a laboratory setting, 

and one review study conducted by (Hausmanninger et al., 2019). Of the studies 

identified, 5 were cross sectional in nature and 5 had a prospective study design. 

 

5.2.1 Cross Sectional Studies 

Gold et al. 2005 conducted a cross-sectional study with an affiliation to 

UAW-Ford on 1174 participants to study association between ergonomic stressors 

and self-reported vibration threshold measured by a Borg scale on head/neck, 

shoulder, and UE. They identified predictors such as high hand force, whole body 

vibration, awkward posture , and contact stress. However, the study did not 

consider personal risk factors of the employee affecting the vibration threshold 

score. 
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Carnide et al. 2006 conducted an independent cross-sectional study to 

understand the interaction of biomechanical and morphological risk factors on 

shoulder workload on 29 participants. They did not find conclusive evidence of 

the interaction with presence of pain being the only significant predictor. This 

study did make an attempt to study a combination of the personal characteristics 

but only in one body part. 

Seamana et al. 2010 conducted a cross-sectional study on 79 participants 

to study effect of biomechanical load on shoulder pain. They concluded that 

awkward posture, peak load, and cumulative load were predictors for shoulder 

pain. This study only focused on shoulder and did not consider the role of other 

risk factors that may be associated with shoulder pain. 

Varirad et al. 2015 conducted a cross-sectional study on 758 employees to 

study interaction of physical and occupational factors on days absent due to 

sickness. They identified risk factors such as shift work, bending, twisting, lifting, 

and vibration. One of the strengths of this study is that it considered all 

anatomical segments but failed to consider other risk factors that contributed to 

sickness that results into days absent. 

5.2.2 Prospective Studies 

Punnett et al. 2004 conducted a study with an affiliation to UAW-Ford on 

820 participants to study associations between ergonomic stressors and upper 

extremity disorders. They found associations after a one-year follow-up between 

risk factors such as gender, previous UE injury, high job demand, high BMI, and 

change of job responsibilities on UE pain and discomfort in the last year. They 
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did successfully identify multiple risk factors but only on UE and not other major 

body segments. 

Werner et al. 2005 conducted a study with an affiliation to UAW-GM on 

279 participants to identify risk factors for visiting the medical department 

(FTOV) because of UE disorders. They identified risk factors such as American 

Conference for Governmental Industrial Hygienists (ACGIH) Threshold Limit 

Values (TLV’s), diagnoses of Carpal Tunnel Syndrome (CTS), diagnoses of 

elbow tendonitis, diabetes, and age over 40 years. However, the major focus was 

only UE, they did not consider other possible risk factors such as psychophysical 

and psychosocial risk factors. This current study does have data on the application 

of various ergonomic tools such as the Revised NIOSH Lifting Equation (RNLE), 

Strain Index (SI), ACGIH TLV, and the OSHA checklist but, the variables 

associated with tool application were outside of the scope of the current study and 

future research can be conducted to verify and validate the application of 

ergonomic tools. 

Gold et al. 2006 conducted a study with an affiliation to UAW-Chrysler 

on 519 participants to study pressure pain thresholds and UE disorders. They 

identified factors such as gender, grip strength, pain severity, functional 

impairment score. The case-definition used for this study was UE pressure pain 

threshold, which is different from other standard case definitions such as FTOV, 

lost-work time of pain in the last year and further research is required to study the 

correlation between pressure pain threshold and true pain experience by an 
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employee/participant. Moreover, other major body parts were not studied which 

were addressed by the current study. 

El Ahrache and Imbeau 2009 conducted a prospective study on 7 

participants to compare rest allowance models for static muscular work. This was 

a simulated study with a focus on shoulder only. They found that the shoulder 

requires more rest than other muscle groups. Studying rest-allowance and healing 

is listed as one of the future scope of this current study. Although the importance 

of rest-allowance on muscle recovery and healing is widely known in the 

ergonomics and epidemiology community, results based on a study with a n=7 

remain inconclusive. 

 

5.2.3 Study 1: Pain & Discomfort – Prevalence, Characteristics, Consequences, 

and Risk Factors.  

The purpose of conducting this study was to verify that etiology 

for WMSDs involve a complex combination and interaction of multiple 

risk factors. Odds Ratios (OR’s) were used to identify relationships 

between multiple risk factors and pain or discomfort experienced at a 

particular body part. An OR is a probability of an event occurring in a 

group that is exposed (in our case, those experiencing pain and 

discomfort) divided by the probability of an event occurring in other group 

(in our case, those who did not experience pain and discomfort). Simply 

put, an OR is a measure of association between an exposure and an 

outcome. Since the original study was cross-sectional in nature, it is 
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difficult to establish exact causal factors which is why association is used, 

and OR’s are valid measure of association in cross-sectional type of 

studies (Grimes & Schulz, 2008). Primarily there are three statistical cut 

points involving OR’s and the way to interpret them is well put by 

(Szumilas, 2010): 

1. If OR=1, the exposure does not affect the odds of outcome  

2. If OR>1, the exposure is associated with higher odds of 

outcome 

3. If OR<1, the exposure is associated with lower odds of 

outcome 

Further, an OR is often reported with a 95% confidence interval 

(CI) and a p-value. CI is used to determine the precision of the obtained 

OR. A large range of CI often indicates a low level of precision and a 

small CI or a “tight” CI indicates a high level of precision. A p-value  is 

used to determine statistical significance, a p-value < 0.05 was deemed 

statistically significant for all tests conducted in this study. 

Results from this study are shown in tables 17 through 19. 

Statistically significant associations were found between multiple risk 

factors across all body parts. The effect of individual, psychophysical, 

psychosocial, and psychological risk factors on work-related pain and 

discomfort experienced by employees cannot be ignored and need to be 

taken into consideration when identifying the root cause of an injury at the 

workplace and in designing effective interventions. 
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5.2.4 Study 2: Multisite Association of Pain 

Results from this study indicate that there exist significant 

associations among pairs of anatomical sites with discomfort and pain. 

Motivation to analyze these relationships stemmed from a prior 

understanding of biomechanical risk factors where muscles from multiple 

body segments are recruited to perform a particular task, eg., A “pulling” 

task may affect the back and some upper extremity body parts. Another 

possible understanding was that pain and discomfort experienced at an 

anatomical site may affect the entire kinetic chain. For example, pain at 

right hip may affect the right knee and the right ankle/foot. Additionally, 

there is another phenomenon that might be at work which involves a 

physiological response involving systemic inflammation arising from 

localized pain and discomfort.  Results shown in Table 25 and Table 26 

might be explained by a one or a combination of the three conditions 

explained above.  

Findings from this study can be used by ergonomists and 

safety/health professionals in the automotive manufacturing industry to 

understand employee complaints of pain and discomfort. One application 

of these results would be to assign “light” or “medium” duty work to 

employees returning to work after an injury. For example, it would be 

advised that an employee returning from a hip injury be placed on a 

“light” duty job involving upper extremity tasks rather than a manual 

material handling or a lifting task. 
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5.2.5 Study 3: Developing a Continuous Severity Scale (CSS) & Using Machine 

Learning Tools to Aid in Building a Base ‘Training’ Model 

 

Machine Learning consists of programs or algorithms that learn from 

experience and are designed to improve their performance over time. Several 

machine learning algorithms exist and are used for a variety of reasons including 

statistical testing, data optimization, generating predictive models, and pattern 

recognition. The selection of these algorithms is dependent on multiple factors 

such as the size of data, nature of data, and the complexity of the dataset being 

analyzed (T. M. Mitchell, 1997; van Leeuwen, 2004). Each algorithm is designed 

with a specific goal in mind and have their own characteristic advantages and 

disadvantages. Further, each algorithm works on certain underlying assumptions 

and criteria’s that need to be fulfilled before applying them. Due to these reasons, 

it is possible that their individual accuracy may vary depending on the type of 

data being analyzed and the way an algorithm is applied (Uddin et al., 2019). 

The purpose of this study was to, a) propose a continuous severity scale 

that moves away from dichotomous case definitions, and b) to simply show the 

feasibility of using ML algorithms to assist in building predictive models from 

epidemiological databases.  

The four algorithms used in this study were solely selected on their ability 

to analyze the type of data available (UAW-Ford database), to efficiently identify 

relationships between hundreds of variables, and on the selection 
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recommendations provided by the data analysis software package IBM SPSS 

Modeler v18.0. Since ML algorithms learn over time, it is also proposed that 

learnings from this study be applied to other similar epidemiological databases as 

shown in Figure 31 with the assumption that accuracy of the selected algorithm 

will improve with the addition of more data.  

Future researchers analyzing similar epidemiological databases are 

recommended to fully understand the capability and feasibility of a ML algorithm 

before selecting it to build predictive models.  

Findings from all three studies have direct application in the automotive 

industry and will be disseminated through peer-reviewed publications, and 

professional organizations. 

 

5.3 Strength & Limitations 

Although this study contributes to the existing literature on pain and discomfort in 

the automotive sector, several limitations must be mentioned. The cross-sectional design 

of the original study was the most important limitation, which restricts definitive 

conclusions and precludes us from drawing causal relationships among the dependent and 

independent variables.  

Secondly, the use of a dichotomous case-definition can be viewed as limitation, as 

an argument can be made on the use of cut-points. However, the instrument used to 

collect information was self-reported, data on ‘Intensity of pain and discomfort in the last 

year’ was collected using a 0-100 VAS and the minimum score across all major 
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anatomical groups was over 27. Which is why a strategic decision was made to use the 

current case-definition.  

Lastly, the present study successfully accomplishes its primary purpose of 

creating a holistic picture of the involvement of multiple risk factors across all major 

anatomical sites while adjusting for confounding factors such as sex, age and the 

difficulty of the job. 

 

5.4 Conclusion 

Musculoskeletal disorders in an automotive industry are associated with a 

combination multiple risk factors and a holistic approach should be taken in determining 

the exact cause of an injury and when developing preventive interventions. 

Pain and discomfort experienced by an employee working in an automotive 

manufacturing environment is rarely localized and there exists a high prevalence of 

multi-site pain and discomfort. Interventions designed to treat localized pain and 

discomfort in an employee should take into consideration the high probability of the pain 

and discomfort manifesting at other anatomical sites as well. 

Employees experiencing pain and discomfort in an automotive industry fall on a 

spectrum of disability and seldom into distinct categories of “in pain” or “completely 

pain free”. Musculoskeletal injuries are caused due to multiple risk factors over a long 

period of time and subsequently take a long time to heal. An effort needs to be made in 

understanding how severe one employee’s concerns is over other (who is more hurt/more 

disabled?) and a scale such as the proposed CSS can help in prioritizing resources to treat 

and manage employees with a higher disability score. 
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5.5 Future Scope 

1. The results from the current study should be checked for repeatability and 

validity with a potential prospective study or a prospective database. 

2. The results from the current study should be verified for repeatability using 

other case definitions such as FTOV, and other definitive medical diagnoses. 

3. Use of the ‘Medical Data’ was out of the scope of the current study but it 

contains important information on subjects’ reporting of pain on palpation and 

range of motion across all anatomical sites. These criteria’s need to be further 

studied as dependent variables. 

4. Role of sleep and rest on injury recovery cannot be ignored and data on sleep 

and rest needs to be collected in the event a similar study is repeated. 

5. Individuals experiencing any pain or discomfort are likely to fall on a 

spectrum of disability rather than simply categorized as hurt or unhurt. The 

concept of a “Continuous Severity Scale” needs to be further explored. 

6. Use of machine learning as a tool to build even more predictive models needs 

to be further explored by “feeding in” multiple epidemiological databases. 
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Question Items Direction of Scale Abbreviation 

Psychosocial Questions 
Q. 1) My job requires that I learn new things Strongly Disagree - Strongly Agree Requires learning  new things 

Q. 2) My job involves a lot of repetitive work Strongly Disagree - Strongly Agree Involves repetitive work 

Q. 3) My job requires me to be creative Strongly Disagree - Strongly Agree Requires to be creative 

Q. 4) My job requires a high level of skill Strongly Disagree - Strongly Agree Requires high skill 

Q. 5) On my job, I have very little freedom to decide how I do my work Strongly Disagree - Strongly Agree Little freedom 

Q. 6) I get to do a variety of different things on my job Strongly Disagree - Strongly Agree Requires learning variety of things 

Q. 7) I have a lot to say on what happens on my job Strongly Disagree - Strongly Agree I have say 

Q. 8) My job requires working very fast Strongly Disagree - Strongly Agree Requires working fast 

Q. 9) My jop requires working very hard Strongly Disagree - Strongly Agree Requires working hard 

Q. 10) I am not asked to do an excessive amount of work Strongly Disagree - Strongly Agree No excessive work 

Q. 11) I have enough time to get the job done Strongly Disagree - Strongly Agree I have enough time 

Q. 12) My job is very hectic Strongly Disagree - Strongly Agree Job is Hectic 

Q. 13) I can take a break when I want to Strongly Disagree - Strongly Agree Can take a break 

Q. 14) My supervisor is willing to listen to my work-related problems Strongly Disagree - Strongly Agree Supervisor support available 

Psychological (Job Satisfaction Questions) 
Q. 15) All in all, how satisfied are you with your job? Not at all - Very Jsat-Satisfied with job 

Q. 16) How strongly would you recommend your job to someone else? Not at all - Very Jsat-Will recommend this job 

Q. 17) If you were looking for a new job, how likely is it that you would decide to take this job 
again? 

Not at all - Very Jsat-Will take this job again 
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