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Abstract 

Objectives: It is currently unknown whether specific determinants are predictive 
for  developing delayed onset muscle soreness (DOMS) after heavy work-related 
activities. The aim of this study was to analyze whether personal characteristics 
and performance measures are predictive for onset, intensity, and duration of 
DOMS after performing work-related activities during a Functional Capacity 
Evaluation in healthy participants. 

Methods: Included in this study were 197 healthy participants (102 men, 95 
women), all working within a broad range of professions. Five groups of 
predictors were tested in a multiple regression analysis model: personal variables, 
self-reported activity, self-reported health, perceived effort during the test, and 
objective outcomes of the test. Twenty-three independent variables were selected 
and tested with a backward regression analysis. 

Results: The onset of DOMS could be explained for 7% by the variables sex and 
the work index of the Baecke questionnaire. Variance of intensity of DOMS could 
be explained for 13% by the variables age, sex, and VO2max. Variance in duration 
of DOMS could be explained for 8% by the variables sex and reported emotional 
role limitations. Onset, intensity, and duration of DOMS remain unpredictable for 
87% or more. 

Conclusions: The results demonstrate that the intensity and duration of self-
reported DOMS can only minimally be predicted from the candidate predictors 
used in this study. 
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Introduction

Lifting, carrying, stair climbing, working on ladders, pushing, and pulling are 
work-related activities, which may contribute to an overload of the 
musculoskeletal system. This overload may result in muscle soreness, loss of 
muscle function, and swelling, which, in turn, may affect daily activities [1]. 
Delayed onset muscle soreness (DOMS) is a common and well-known 
phenomenon after intensive exercise such as heavy work [2]. DOMS is usually 
associated with unfamiliar muscular work and is precipitated by eccentric actions 
[3]. DOMS may induce a decreased range of motion, strength, and joint and 
muscle perception [2]. Although as many as 6 hypothesized theories (ie, lactic 
acid, muscle spasm, connective tissue damage, muscle damage, inflammation, and 
the enzyme efflux theories) have been proposed as potential etiologic explanations 
of DOMS, there is consensus among researchers that 1 theory only cannot explain 
the onset of DOMS. Instead, a combination of the items mentioned above is more 
likely to explain all the aspects of the onset of DOMS [2]. 

Research into risk factors of DOMS has mainly focused on prevention or 
treatment of DOMS, rather than focusing on potential risk groups or personal 
characteristics, which may relate to DOMS. Although women generally seem to 
be more responsive to typical experimental (cutaneous) pain stimuli than men,  
[4,5] research into sex differences in case of DOMS revealed no differences [6]. 
Age-related differences were found in a study to DOMS after eccentric exercise in 
which younger participants perceived significantly more DOMS than older 
participants [1]. However, other studies found no differences between younger and 
older male participants, but found that older female participants exhibited higher 
levels of muscle damage than young females [7], suggesting a sex-age interaction. 
Nevertheless, few data are available to confirm this hypothesis. Another study 
found that fear of pain predicted 10% of the variance of DOMS intensity in 42 
healthy participants [8]. Catastrophizing and anxiety were not predictive for 
DOMS [8]. Most of the research mentioned above operationally defined DOMS by 
using blood samples and consequently focused on the nociceptive side of pain. 
Contrary to this, the present study used pain as it was defined by the International 
Association for the Study of Pain: ‘‘pain is an unpleasant sensory and emotional 
experience associated with actual or potential tissue damage [9].’’ 

In an average work setting, a widespread population of workers differing in age, 
sex, aerobic fitness level, muscle strength, and workload can be found. No data are 
available concerning the influence and impact of DOMS at work. It is unknown 
whether personal characteristics relate to DOMS or if there is a dose-response 
relation of DOMS in a normal working situation. It is also unknown whether the 
worker’s perceived amount of effort contributes to the onset, intensity, or duration 
of DOMS. New predictive data of DOMS in healthy individuals in work and sport 
settings could lead to better guidance, prevention, and treatment of DOMS. In 
addition, in the domains of rehabilitation and employment, the possibility of 
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DOMS interfering in a perceived increase in pain after performing work-related 
tasks is considered to be of importance. The present study was performed to 
analyze whether personal and performance characteristics can predict onset, 
intensity, and duration of DOMS after performing work-related activities. 

Materials and Methods 

Participants 
In all, 232 healthy participants between 20 and 60 years of age working within a 
broad range of professions voluntarily participated in this study. Participants stated 
they were in good health and signed an informed consent before participation. 
Participants were included when they met all criteria of the Physical Activity 
Readiness Questionnaire [10,11]; participants’ resting blood pressure was below 
159mm Hg (systolic)/100mm Hg (diastolic); participants worked at least 20 hours 
per week; and had not been absent from work because of musculoskeletal 
symptoms for more than 2 weeks during the year before the test. 
  
Procedures 
A demographic questionnaire was filled in at home by all participants to obtain 
information about age, sex, education level, health perception, habitual sports, 
leisure time, and work and brought this to the evaluator. When participants met the 
inclusion criteria they were asked to fill in a Pain Response Questionnaire (PRQ) 
just before the test, to obtain information about whether participants were 
experiencing pain. Before the test, blood pressure was measured. Test procedures 
were explained and each test was demonstrated by the evaluator. Participants were 
instructed to make a maximum effort for each test. The test was terminated 
whenever a participant wished to do so for whatever reason, when the maximum 
age predicted heart rate exceeded 85%, or when the evaluator considered the 
situation to be unsafe. After each test, participants rated their exertion on a 
numeric rating scale (NRS), ranging from 0 (no effort) to any number the 
participants considered to be their maximum effort (scale was anchored at 10; 
almost maximal effort) [12]. Evaluators were instructed to rate the biomechanical 
endpoints for (sub)maximal performance of participants on an NRS. Mean time 
needed for the tests was 1 hour and 50 minutes (±18 min). The testing order was 
arranged in a way that exertional and non-exertional tests were divided equally, 
allowing all participants to recover for at least 20 minutes in between the 
exertional tests. The PRQ was filled in again directly after the tests by the 
participants and every day following up to 7 consecutive days after the test. 
Participants were instructed to return the PRQ after 3 days when no pain response 
had occurred. This study was approved by the Medical Ethics Committee of the 
University Medical Center Groningen, the Netherlands. 

Work-related activities 
A Functional Capacity Evaluation (FCE) was administered to define work-related 
activities operationally. FCEs are standardized performance-based batteries of 
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tests aimed to measure work capacity. The FCE used in this study (Workwell 
FCE) demands the participants’ maximal performance. A 12-item FCE was 
performed, covering a wide range of activities. The items were lifting low, lifting 
high, long carry 2-handed, overhead work test loaded, forward bend test standing 
loaded, dynamic bending test, repetitive side reaching, handgrip strength, finger 
strength, Purdue Pegboard Task, Complete Minnesota Dexterity Test, and the 
Bruce treadmill ergometry test. Performance outcome variables were constructed 
of tests in which maximum dynamic and static contractions are evaluated. 
Material handling consisted of lifting low, lifting high, and long carry 2-handed. 
Static work consisted of the overhead work test loaded and forward bend test 
loaded. Aerobic capacity was assessed using the Bruce treadmill test [13]. 
Reliability of these individual FCE items range from good to excellent [14,15]. 

Candidate Predictors of DOMS 
Two variables, sex and age, were included based on supporting evidence in the 
literature [1,4-7]. Other variables were selected to explore candidate predictors 
related to exercise physiology (performance outcome measure), motivational 
aspects (effort), and other personal factors. The following candidate predictors of 
DOMS were evaluated: 

1. Personal characteristics: age (y); sex (male/female); height (cm), and 
body weight (kg). 

2. Habitual physical activity: the Baecke questionnaire was used for 
measuring self-reported habitual physical activity in sports, leisure time, 
and work [16]. This questionnaire was found valid for measuring self-
reported physical activity [17]. 

3. Effort: the amount of effort a person was willing to make was 
hypothesized to be of importance for the onset of DOMS. Participants 
were asked to make maximal effort. The amount of effort was evaluated 
by the participant and evaluator independently. Both used an NRS scale, 
ranging from 0 (no effort) to any number the participants considered to 
be their maximum effort (scale was anchored at 10; almost maximal 
effort) [12]. Evaluators were trained to observe biomechanical aspects 
enabling them to determine the amount of effort a participant made. 
Research has shown that trained evaluators are capable of determining 
whether a participant is performing maximal or submaximal [18]. The 
heart rate during the tests was recorded by a heart rate monitor, providing 
thus an objective measure for cardiac effort. 

4. Performance outcome: 3 performance outcome variables were 
constructed to provide a variety of exercises resembling heavy work. 
These performance outcomes were material handling (sum scores of 
lifting low, lifting high, and carrying) [14], static work (sum scores the 
scores of overhead work test [16] and forward bend test standing [14]), 
and aerobic capacity (Bruce treadmill) [13].  

5. Self-reported health: to evaluate self-reported health, the RAND-36 was 
administered. The RAND-36 is a generic measure, which covers 9 
domains of functioning and well-being [19]. These are vitality, mental 
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health, social functioning, general health perception, pain, role limitations 
(emotional problem), role limitations (physical problem), physical 
functioning, and health change. 

PRQ 
Pain has a multidimensional character and limitations in activities caused by 
DOMS are usually a matter of sensory and emotional experience [9] of the 
individual and therefore, this research focused on the DOMS perception of the 
participants solely. A PRQ was developed to measure the onset, intensity, and 
duration of DOMS. These were the dependent variables, which were included in 
the regression model. DOMS was measured by an 11-point NRS for 17 body 
parts. A pain score of 0 indicated no pain, and a score of 10 indicated the worst 
pain imaginable. Participants were asked to rate their pain directly before and after 
the FCE and every day following the FCE after 1 PM up to 7 consecutive days. 
Participants were asked whether their pain score was reducible to muscle soreness, 
a different origin or unknown origin. 

Analyses 
Model Building 
Univariate models (Pearson correlation coefficient, Point biserial correlation 
coefficient, Phi coefficients) were built to obtain a P value for each variable 
correlating between duration and intensity of DOMS. Variables with P values 
<0.25 progressed to the next phase of modelling [20]. Colinearity among the 
remaining independent variables was assessed and when the Pearson correlation 
coefficient was larger than 0.75, the predictor with the highest correlation between 
the independent variables was selected. The selected variables were included in 
the final regression model, using backward linear regression. A stepwise model 
was used because no a priori hypotheses on the order of entries were available. -
coefficients with a P value <0.05 were considered to be a significant predictor. 
Prediction for the onset of DOMS was performed by analyzing all participants 
who were divided in 2 groups, one group reporting no DOMS (0), and the other 
group reporting DOMS (1). Predictions for intensity and duration of DOMS were 
only performed for those participants who had reported DOMS. Data were 
analyzed by using SPSS. 

RESULTS 

Sample Characteristics 
Of 232 original volunteers, 35 participants were excluded from analyses for not 
meeting the inclusion criteria, for not returning the PRQ, or deciding not to 
participate after all. The data of 197 participants [102 males (52%) and 95 females 
(48%)] were used for analyses. A description of the sample is presented in Table 
1. 
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Assumptions for modeling 
The dependent outcome variables were examined on normality, homoscedasticity, 
and linearity. Both intensity and duration of DOMS were found to have a fair 
normal distribution. Onset was a dichotomous variable. P-plots of residuals 
showed homoscedasticity and linearity. No colinearity was detected using 
univariate regression analyses between the predictor variables. Univariate analyses 
are  presented in Table 1. 
   
Prediction of DOMS  
After the FCE, 162 of 197 participants (82%) reported a pain response. Eighty-
five percent of the participants reported that the origin of this pain was reducible 
to DOMS. These participants reported a mean DOMS intensity 24 hours post-FCE 
of 3.7 on the PRQ. No participants reported DOMS after 7 days after the FCE. 
There were however 2 participants who reported a pain response of a different 
origin recovering within 3 weeks after the FCE. More detailed descriptive 
statistics on pain response after the FCE are presented in a different paper [21]. 
For pain intensity, 3 predictors remained in the final regression analyses (Table 2). 
Age, sex, and VO2-max were predictive of outcome for pain intensity, explaining 
a total of 13% of variance. All 3 predictors were negatively related with pain 
intensity, which means that female participants, younger participants, and 
participants having a higher VO2-max reported a higher pain intensity. Sex and the 
work indexes of the Baecke questionnaire were predictive for the onset of DOMS. 
These predictors predicted 7.0% of variance. The duration of the pain response 
could be predicted from sex and the emotional role scale of the RAND-36 
(r2=0.08). Male participants reported a shorter pain reaction in days. 

Discussion 

This study found that the onset, intensity, and duration of DOMS can only 
minimally be predicted after performing work-related tasks using the variables we 
examined. Overall, DOMS was explained for 7% to 13% by the variables included 
in this study. In the past, studies to the effects of sex and age on the onset of 
DOMS led to contradictory outcomes [1,4-8]. Variation in study design and 
participant characteristics has led to different results. The objective of the present 
study was to detect predictors to the onset and perception of exercise induced 
DOMS after FCE. Exertional and non-exertional tests were included because the 
objective of this study focused on DOMS as a result of work-related tasks and not  
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Table 1. Description of cohort and univariate analyses of candidate predictive 
variables  

Mean (sd) rpb (p) for 
presence of 

pain 
(no/yes; no= 

0) 

r (p) for 
pain 

intensity 

r (p) for 
duration of 

pain 

Age (yrs) 40.9 (10.5) 0.02 (0.81) -0.23 (0.0)* -0.07 (0.34) 
Gender   
(N:male/female: male = 0) 

(102/95)  0.23
(0.00)* 

-0.27 (0.00)* -0.29 (0.00)*

Body length (cm) 176 (9.4) 0.13(0.06)* -0.16 (0.02)* -0.10 (0.17)* 
Body weight (kg) 73 (12.4) 0.17(0.02)* -0.16 (0.02)* -0.15 (0.04)* 
Baecke score 
1. Work 
2. Sport 
3. Leisure-time 

2.8 (0.7) 
2.8 (0.7) 
3.3 (0.6) 

0.19 (0.01)* 
0.05 (0.51) 

-0.07 (0.29) 

-0.07 (0.32) 
-0.18 (0.01)* 
0.07 (0.33)

-0.07 (0.31) 
-0.07 (0.33) 
0.11 (0.10)* 

Rand-36 
1. Vitality 
2. Mental health 
3. Social functioning 
4. General health perception 
5. Pain 
6. Role limitation (emotional) 
7. Role limitation (physical) 
8. Physical functioning 
9. Health change 

66.0 (13.0)  
70.4 (10.7)  
90.1 (15.1)  
75.5 (16.5)  
91.6 (12.2)  
91.2 (25.8)  
94.2 (17.4)  
96.5 (7.0)  
53.5 (15.4)  

0.00 (0.99) 
-0.10 (0.17)* 

0.03 (0.69) 
0.07 (0.33) 

-0.02 (0.75) 
0.06 (0.44) 

0.12 (0.10)* 
0.00 (0.98) 

0.09 (0.21)* 

-0.36 (0.62) 
-0.35 (0.63) 
-0.36 (0.64) 

-0.10 (0.16)* 
-0.06 (0.40) 
-0.07 (0.35) 
0.01 (0.87) 
-0.06 (0.43) 

-0.14 (0.05)* 

-0.10 (0.16)* 
-0.82 (0.27) 

-0.19 (0.02)* 
-0.09 (0.22)* 
-0.08 (0.28) 

-0.22 (0.00)* 
-0.07 (0.35) 
-0.02 (0.83) 
-0.06 (0.44) 

Performance 
1. Sum score material handling 

(kg) 
2. Sum score static work (sec) 
3. V02max  predicted  

(ml/min/kg) 

93 (34)  

646 (393) 
33.6 (8.0) 

0.25 (0.00)* 

-0.09 (0.22)* 
0.06 (0.41) 

-0.24 (0.00)* 

-0.06 (0.41) 
-0.14 (0.05)* 

-0.14 (0.04)* 

0.07 (0.33) 
-0.03 (0.71) 

Effort 
1. Mean effort score subject 

material handling  
2. Mean effort score evaluator 

material handling  
3. Effort score static work 

subject  
4. Effort score Bruce protocol  

8.0 (1.9) 
  
8.2 (1.4) 

5.2 (1.8)  

4.1 (1.6) 

-0.05 (0.49) 

-0.02 (0.80) 

-0.05 (0.49) 

-0.03 (0.65) 

0.09 (0.19)* 

-0.07 (0.92) 

0.06  (0.83) 

0.03 (0.73) 

0.08 (0.29) 

0.10 (0.15)* 

0.08 (0.26) 

0.04 (0.58)
r= Pearson Correlation Coefficient; =Spearmans Rho; *=Predictors included in the final regression 
model; = Phi coefficient; rpb =  Point biserial correlation coefficient; Baecke Scales range from 1 to 
5; Rand -36 items range from 0 tot 100; Effort was measured by an NRS (0 - ) 
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Table 1. Description of cohort and univariate analyses of candidate predictive 
variables  

Mean (sd) rpb (p) for 
presence of 

pain 
(no/yes; no= 

0) 

r (p) for 
pain 

intensity 

r (p) for 
duration of 

pain 

Age (yrs) 40.9 (10.5) 0.02 (0.81) -0.23 (0.0)* -0.07 (0.34) 
Gender   
(N:male/female: male = 0) 

(102/95)  0.23
(0.00)* 

-0.27 (0.00)* -0.29 (0.00)*

Body length (cm) 176 (9.4) 0.13(0.06)* -0.16 (0.02)* -0.10 (0.17)* 
Body weight (kg) 73 (12.4) 0.17(0.02)* -0.16 (0.02)* -0.15 (0.04)* 
Baecke score 
1. Work 
2. Sport 
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2.8 (0.7) 
2.8 (0.7) 
3.3 (0.6) 

0.19 (0.01)* 
0.05 (0.51) 

-0.07 (0.29) 

-0.07 (0.32) 
-0.18 (0.01)* 
0.07 (0.33)

-0.07 (0.31) 
-0.07 (0.33) 
0.11 (0.10)* 

Rand-36 
1. Vitality 
2. Mental health 
3. Social functioning 
4. General health perception 
5. Pain 
6. Role limitation (emotional) 
7. Role limitation (physical) 
8. Physical functioning 
9. Health change 

66.0 (13.0)  
70.4 (10.7)  
90.1 (15.1)  
75.5 (16.5)  
91.6 (12.2)  
91.2 (25.8)  
94.2 (17.4)  
96.5 (7.0)  
53.5 (15.4)  

0.00 (0.99) 
-0.10 (0.17)* 

0.03 (0.69) 
0.07 (0.33) 

-0.02 (0.75) 
0.06 (0.44) 

0.12 (0.10)* 
0.00 (0.98) 

0.09 (0.21)* 

-0.36 (0.62) 
-0.35 (0.63) 
-0.36 (0.64) 

-0.10 (0.16)* 
-0.06 (0.40) 
-0.07 (0.35) 
0.01 (0.87) 
-0.06 (0.43) 

-0.14 (0.05)* 

-0.10 (0.16)* 
-0.82 (0.27) 

-0.19 (0.02)* 
-0.09 (0.22)* 
-0.08 (0.28) 

-0.22 (0.00)* 
-0.07 (0.35) 
-0.02 (0.83) 
-0.06 (0.44) 

Performance 
1. Sum score material handling 

(kg) 
2. Sum score static work (sec) 
3. V02max  predicted  

(ml/min/kg) 

93 (34)  

646 (393) 
33.6 (8.0) 

0.25 (0.00)* 

-0.09 (0.22)* 
0.06 (0.41) 

-0.24 (0.00)* 

-0.06 (0.41) 
-0.14 (0.05)* 

-0.14 (0.04)* 

0.07 (0.33) 
-0.03 (0.71) 

Effort 
1. Mean effort score subject 

material handling  
2. Mean effort score evaluator 

material handling  
3. Effort score static work 

subject  
4. Effort score Bruce protocol  

8.0 (1.9) 
  
8.2 (1.4) 

5.2 (1.8)  

4.1 (1.6) 

-0.05 (0.49) 

-0.02 (0.80) 

-0.05 (0.49) 

-0.03 (0.65) 

0.09 (0.19)* 

-0.07 (0.92) 

0.06  (0.83) 

0.03 (0.73) 

0.08 (0.29) 

0.10 (0.15)* 

0.08 (0.26) 

0.04 (0.58)
r= Pearson Correlation Coefficient; =Spearmans Rho; *=Predictors included in the final regression 
model; = Phi coefficient; rpb =  Point biserial correlation coefficient; Baecke Scales range from 1 to 
5; Rand -36 items range from 0 tot 100; Effort was measured by an NRS (0 - ) 
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purely a test to exercise induced DOMS. Sex was significantly related to the 
intensity and duration of the pain. However, the relevance of this sex difference is 
at least disputable, because sex only accounts for 4% to 6% of the variance in 
DOMS onset, intensity, and duration. No current evidence exists that sex 
differences are proven relevant and the present study shows no relevantly different 
results either. A number of studies revealed a sex-age effect in the response to pain 
stimuli [1,6]. Although age and sex contributed no more than 10% to this pain 
intensity, significant findings are present pointing into the direction of a sex-age 
effect. Other hypothesized predictors such as perceived exertion or performance 
variables do not significantly contribute to the variance of onset of DOMS. This 
means that objective and subjective measures cannot explain self-reported DOMS. 
A general pain increase after an FCE has previously been reported in patients with 
chronic low back pain, and also in healthy participants [21-23]. Therefore, before 
this study, it was expected that a pain increase would occur. From the results of 
the present study, it can be concluded that DOMS generally occurs in healthy 
participants and is only minimally related to sex and age. Therefore, therapists are 
advised to take into account that a pain response after FCE is a normal reaction of 
the musculoskeletal system rather than a sign of pathology. 

In contrast to most other studies concerning DOMS, in the present study DOMS 
was not operationally defined by using blood samples. This study did not focus on 
the nociceptive part of pain in relation to physical characteristics, because the 
definition of pain as used by the International Association for the Study of Pain 
was applied: ‘‘pain is an unpleasant sensory and emotional experience associated 
with actual or potential tissue damage [9].’’ Loeser [24] developed a model that 
provides insight into the multifaceted character of pain. Perception of pain is 
frequently triggered by a noxious stimulus such as an overload of the 
musculoskeletal system, but pain can also occur without nociception. The main 
advantage of studies focusing on nociception is that an objective measure can be 
used for analyses. Nevertheless, no well-defined results for prediction were found 
in these studies. This may be explained by the notion that the subjective 
perception of DOMS is influenced by individual characteristics, such as personal 
and cultural factors or past experience with pain. The current study, however, 
found no evidence for personal factors such as perceived health status or perceived 
workload to be predictive to DOMS. A generic disadvantage of self-report 
questionnaires not to be disregarded is the sensitivity to bias as nonresponse but 
also to influences of psychologic nature such as motivation, attention-seeking 

Can muscle soreness following intensive work-related activities be predicted? 
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behavior, or social desirability. The self-reported perceived effort, measured by an 
NRS by the participant, could therefore differ from an objective measure. Even so, 
the authors choose to use a self-report questionnaire because of its clarity, because 
participants could take the PRQ home to fill in and because it offered the nearest 
approach to the definition of pain this study was based. 

The outcome of this research gains new insight into preventing and treating 
DOMS in the daily practice. In this study, predictive characteristics of DOMS 
remain unpredictive for over 87%. On the basis of this, therapists are advised not 
to focus on potential risk groups for DOMS. Neither personal characteristics, 
physical activity, perceived effort during the test, performance outcome of the test, 
nor self-reported health can predict DOMS relevantly. We conclude that the onset, 
intensity, and duration of selfreported DOMS can only minimally be predicted 
from sex, age, and other predictors. 
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