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Objective   Imbalance between work demands and individual resources can lead to musculoskeletal disorders 
and reduced work ability. The aim of this study was to evaluate the effect of two contrasting interventions on 
work ability among slaughterhouse workers with chronic pain and work disability.
Methods   Sixty-six slaughterhouse workers with upper-limb chronic pain and work disability were randomly 
allocated to 10 weeks of either strength training for the shoulder, arm, and hand muscles (3 times per week, 10 
minutes per session) or ergonomic training (usual care control group) from September to December 2012. The 
outcome measure was the change from baseline to 10-week follow-up in the work ability index (WAI).
Results   A priori hypothesis testing showed a group×time interaction for WAI (P<0.05). Compared with the 
ergonomic training group, WAI increased 2.3 [95% confidence interval (95% CI) 0.9–3.7] in the strength training 
group corresponding to a moderate effect size (Cohen’s d 0.52). Within-group changes indicated that between-
group differences were mainly caused by a reduction in WAI in the ergonomic group. Of the 7 items of WAI, 
item 2 (work ability in relation to the demands of the job) and item 7 (mental resources) increased following 
strength training compared with ergonomic training (P<0.05). 
Conclusions   Implementation of strength training at the workplace prevents deterioration of work ability among 
manual workers with chronic pain and disability exposed to forceful and repetitive job tasks. Thus, strength train-
ing performed at the workplace may in fact be regarded as a complex biopsychosocial intervention modality that 
reaches further than the specific physiological benefits of training per se.
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Musculoskeletal disorders represent the most com-
mon work-related health problem among the working 
population (1–3). Besides the direct effect on employee 
health, work-related musculoskeletal disorders are often 
accompanied by an escalating imbalance between work 
demands and individual resources consequently affect-
ing work participation and overall working life (4). 

The concept of work ability reflects the relation 
between the capacity of the worker and work demands, 
and takes into consideration work demands, health status, 
and physical and mental resources (5, 6). As a multidi-

mensional instrument, the work ability index (WAI) has 
been associated with musculoskeletal pain, chronic dis-
ease, productivity, sickness absence, early retirement and 
all-cause mortality (7–11). Additionally, workers exposed 
to highly repetitive and forceful exertion, lack of sufficient 
recovery, and awkward postures (12, 13) have an elevated 
risk of both impaired work ability and musculoskeletal 
disorders (14–16). To prevent premature exit from the 
labor market, effective occupational interventions to pre-
vent deterioration of work ability among employees with 
high physical work demands are warranted. 
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Slaughtering and meat processing work tasks involve 
high loading intensities and cyclic repetitive muscle 
actions of the upper limb. Combined with limited time 
for recovery and temporary incidents of work disability, 
the prevalence of musculoskeletal pain in the shoulder, 
arm and hand is high among slaughterhouse workers 
(17, 13, 18). A prospective study among food industry 
employees found that multisite pain predicted poor 
work ability, and that the decline in work ability due 
to pain was greater than that observed for work-related 
exposures (10, 19). The authors concluded that pain 
symptoms require special attention and effective pre-
ventive measures to improve work ability and prolong 
working careers of employees (10). Thus, initiatives to 
prevent work ability deterioration may be predominantly 
relevant among workers with chronic pain and physical 
demanding job tasks (eg, slaughterhouse work). 

A multitude of intervention studies on work ability 
have been conducted in different occupational settings, 
however, evidence for effective initiatives are still lacking. 
De Boer (20) observed no significant effect of individual 
counseling and education on the WAI score for employees 
in the construction industry with high disability risk and 
stated that multidisciplinary intervention programs might 
be necessary. A one-year randomized controlled trial 
among office workers found worksite physical activity 
programs to be effective in reducing neck and shoulder 
pain symptoms, however, no significant change in WAI 
was observed (21). Moreover, physical activity once a 
week at the worksite did not improve work ability among 
women with physically demanding laundry work (22). 
Furthermore, physical coordination training and cognitive 
behavioral training had no effect on work ability and neck/
shoulder pain among female cleaners (23). In line with 
these reports, van den Berg (14) concluded that the multi-
factorial nature of the WAI should be taken into account in 
health promotion programs aimed at maintaining and pro-
moting the participation of the labor force and improve-
ment of the performance at work. However, high drop-out 
rates, low adherence or incomplete questionnaire replies 
were present in most of the above studies, underlining the 
difficulties in implementing effective interventional stud-
ies at the workplace. Consequently, high quality random-
ized controlled intervention trials among employees with 
physical demanding work and chronic musculoskeletal 
disorders are lacking in the literature.

The present study evaluates two contrasting strate-
gies (ie, intervention with either ergonomic or strength 
training) on the WAI among slaughterhouse workers 
with chronic pain and work disability. We hypothesized 
that strength training would be more effective than ergo-
nomic training in improving work ability. The underlying 
assumption for this hypothesis was that previous studies 
have shown positive effects of strength training on mus-
culoskeletal pain in other occupational groups (24–26). 

Methods

Study design 

The study was performed as a two-armed parallel group, 
examiner-blinded, randomized controlled trial with allo-
cation concealment among slaughterhouse workers in 
Denmark from August 2012 to January 2013. The study 
protocol and the primary and secondary outcome (changes 
in shoulder, elbow, and hand pain and Disability of the 
Arm, Shoulder and Hand (DASH) work module, respec-
tively) has been reported elsewhere (18, 27). The Danish 
National Ethics Committee on Biomedical Research 
approved the study (Ethical committee of Frederiksberg 
and Copenhagen; H-3-2010-062), and it was registered 
in ClinicalTrials.gov (NCT01671267) prior to enrolment 
of participants. The Consolidated Standard of Reporting 
Trials (CONSORT) checklist was followed to ensure 
transparent and standardized reporting of the trial. All 
participants were informed about the purpose and content 
of the project and gave their written informed consent 
to participate in the study. All experimental conditions 
conformed to the Declaration of Helsinki.

Recruitment and flow of participants

A screening questionnaire was distributed to 645 Danish 
slaughterhouse workers (aged 18–67 years) of which 
595 replied and 410 were interested to participate in 
the research project. Initial inclusion criteria were: (i) 
currently working at a slaughterhouse for ≥30 hours/
week, (ii) pain intensity in the shoulder, elbow/forearm, 
or hand/wrist of ≥3 on a 0–10 VAS scale during the last 
3 months, (iii) stating at least “some” work disability 
scoring on a 5-point scale: “not at all”, “a little”, “some”, 
“much” to “very much” when asked the question “Dur-
ing the last 3 months, did you have any difficulty per-
forming your work due to pain in the shoulder, arm, or 
hand?”, (iv) no participation in strength training during 
the last year, and (v) receiving no ergonomic instruction 
during the last year. Of the 410 interested respondents, 
145 met the above inclusion criteria and were invited for 
a clinical examination.

A total of 135 employees were included for the base-
line clinical examination. Exclusion criteria were hyper-
tension [systolic blood pressure (BP) >160, diastolic BP 
>100], a medical history of cardiovascular diseases, car-
pal tunnel syndrome, recent traumatic injury of the neck, 
shoulder, arm or hand regions, or pregnancy. Furthermore, 
on the day of the clinical examination, participants com-
pleted another questionnaire with the following inclusion 
criteria: (i) pain intensity in the shoulder, elbow/forearm, 
or hand/wrist regions of ≥3 on a 0–10 VAS scale during 
the last week, (ii) pain lasting >3 months, (iii) frequency 
of pain of ≥3 days/week during the last week.
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Based on the clinical examination and associated 
questionnaire, 69 workers were excluded due to contra-
indications: 19 showed symptoms of carpal tunnel syn-
drome, 4 had blood pressure >160/100 mmHg, 1 had a 
serious cardiovascular disease, and 19 did not meet the 
pain inclusion criteria. Furthermore, 26 were excluded 
because they did not speak or understand Danish suffi-
ciently to complete the questionnaire. The overall flow 
of participant enrolment is illustrated in figure 1.

Interventions

On the basis of the clinical examination and associated 
questionnaire, the 66 eligible participants with chronic 
pain and work disability were randomly allocated to a 
10-week intervention period and assigned to receive 
either strength or ergonomic training (usual care, control 
group) at their worksite. At baseline, study participants 
had similar outcome expectations to the two interven-
tions concerning the effectiveness on chronic pain (27). 
At the follow-up physical examination and question-
naire, all examiners were blinded to group allocation. 
The specific intervention activities have been described 
in detail elsewhere (18). In brief, subjects randomized 
to strength training (N=33) performed supervised high-
intensity strength training specifically for the shoulder, 
arm, and hand muscles during 3 sessions of 10 minutes 

each per week for a total of 10 weeks. Training intensity 
(loads) was progressively increased from 20 repetition 
maximum (RM) at the beginning of the training period 
to 8 RM during the later phase according to the principle 
of periodization and progressive overload (28). All train-
ing sessions took place in designated training rooms 
located at the worksites and were supervised by a skilled 
instructor, who instructed the participants in using cor-
rect exercise techniques, and making individual exercise 
adjustments when needed. Additionally, participants 
received portable exercise equipment for home training 
in case of absence from work (eg, vacation). 

The participants in the ergonomic group (N=33) 
received ergonomic training and education based on 
the practical outcomes of a worksite analysis and a 
hazard prevention system developed by health and 
safety managers and safety representatives with existing 
knowledge about ergonomic risk factors on the specific 
slaughterhouses. The intervention was implemented by 
health and safety managers and safety representatives at 
the two slaughterhouses and took place during the initial 
weeks of the 10-week intervention period, which corre-
sponds to the standard worksite ergonomic prescription. 
The majority of the ergonomic training addressed job-
specific hands-on training where participants received 
appropriate guidance and training in how to correctly 
handle the individual work task stations. 

Figure. 1. Participant flow. 
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Outcome measures

The outcome measure was the change from baseline to 
10-week follow-up in work ability measured by the WAI 
score. WAI is a composite measure of 7 items that aims 
to capture: (i) current work ability compared with the 
lifetime best, (ii) work ability in relation to the demands 
of the job (physical and mental demands), (iii) number of 
current diseases diagnosed by a physician, (iv) estimated 
work impairment due to diseases, (v) sick leave during 
the last year (12 months), (vi) own prognosis of work 
ability two years from now, and (vii) mental resources 
(worker’s  life  in  general,  both  at  work  and  during  lei-
sure time ) (29). Based on the answers to the 7 items, an 
index score ranging from 7–49 is calculated and further 
classified into four categories: 7–27 (poor work ability), 
28–36 (moderate work ability), 37–43 (good work abil-
ity) and 44–49 (excellent work ability) (29). Addition-
ally we explored the contribution of each single-item 
score on the total WAI score by measuring the change 
of each of the 7 items from baseline to follow-up. 

Statistical analysis

Statistical analyses were performed using SAS version 
9.2 (SAS Institute, Cary, NC, USA). The outcome (ie, 
WAI) was analyzed according to the intention-to-treat 
principle using a repeated measure 2×2 analysis of vari-
ance (Proc Mixed), with time, group and time×group 
interaction as independent categorical variables (fixed 
factors). Subject nested within intervention group was 
entered as a random effect. Analyses were adjusted for 
gender, workplace, age, and WAI at baseline. In addi-
tion to the total WAI score, we also analyzed each of the 
seven WAI items separately using the above procedure 
with post hoc Bonferroni correction for multiple cor-
related end-points (30). All available data, ie, including 
baseline data of dropouts, were included in the analyses 
as the Proc Mixed inherently accounts for missing val-
ues. Finally we report effect sizes as Cohen’s d (31) (ie, 
between-group differences in the WAI scores divided by 
the pooled standard deviation). According to Cohen (31), 
effect sizes of 0.20 are considered small, 0.50 moderate, 
and 0.80 large. An alpha level of ≤0.05 was accepted as 
statistically significant. Outcome variables are reported 
as between-group least square mean differences and 95% 
confidence intervals (95% CI) from baseline to follow-up.

Results

Study population 

Table 1 shows baseline characteristics of the study 

participants. At baseline, age was slightly higher in the 
strength compared with the ergonomic training group 
(P=0.05). We controlled for this difference in the mixed 
model ANOVA by including age as a covariate. There 
were no significant differences among the groups for the 
remainder of the variables. 

Three participants in the strength training group 
and two in the ergonomic training group did not pres-
ent for the follow-up examination, corresponding to a 
total of 8% loss to follow-up for the WAI questionnaire 
(figure 1). Adherence to strength training was 81% as 
participants performed on average 2.4 of the 3 intended 
training sessions per week. 

Work ability 

Figure 2 illustrates the change in WAI from baseline to 
10-week follow-up. A priori hypothesis testing showed 
a group×time interaction for WAI scores (P<0.05). Com-
pared with the ergonomic training group, WAI increased 
in the strength training group (table 2). No within-group 
change in WAI was observed for participants in the 
strength training group (P=0.6) whereas WAI decreased 
(ie, worsened) in the ergonomic group (P<0.01).

Of the 7 items of WAI, item 2 (work ability in 
relation to the demands of the job) and item 7 (mental 
resources) increased following strength compared with 

Table 1. Baseline characteristics of the two intervention groups. 
[SD=standard deviation; DASH=disability of the arm, shoulder 
and hand.]

  Strength  
training

Ergonomic train-
ing / usual care

Mean SD Mean SD

Total number 33 33
Number of men/women 25/8 26/7
Age (years) 48 9 43 a 9
Height (cm) 174 10 177 9
Weight (kg) 83 20 86 17
BMI (kg/m2) 28 6 28 5
Work ability index (7–49) 39.2 3 39.4 3
Item 1: Current work ability com-
pared with the lifetime best (0–10)

7.3 1.0 7.2 1.0

Item 2: Work ability in relation to the 
demands of the job (2–10)

7.5 0.9 7.5 0.9

Item 3: Number of current diseases 
diagnosed by a physician (1–7)

5.6 0.1 5.6 0.9

Item 4: Estimated work impairment 
due to diseases (1–6)

5.7 0.4 5.7 0.4

Item 5: Sick leave during the past 
year (1–5)

4.7 0.6 4.6 0.6

Item 6: Own prognosis of work  
ability two years from now (1–7)

5.5 0.4 5.7 0.4

Item 7: Mental resources (1–4) 3.0 0.5 3.0 0.5
Shoulder, elbow and hand pain  
intensity previous week (scale 0–10)

4.5 1.2 4.5 1.2

Work disability (DASH work module; 
scale 0–100)

28.3 13.8 27.8 13.8

a Denotes difference between groups at baseline, P<0.05.
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ergonomic training (P<0.05; table 2). No significant 
differences in the remainder of the items were observed.

Effect size (Cohen’s d) of the change in WAI score 
with strength compared with ergonomic training was 
0.52 and categorized as moderate (≥0.50). 

Discussion

This randomized controlled trial showed that specific 
strength training at the workplace prevents deteriora-
tion of work ability among slaughterhouse workers with 
chronic pain and work disability.

To identify workers and work units at high risk 
of physical impairments, we classified the WAI score 

according to extant conventions into “poor” (7–27), 
“moderate” (28–36), “good (37–43) and “excellent” 
(44–49) work ability (29). The fact that the baseline 
average WAI score for our participants was categorized 
as “good”, might at a first glance seem as a paradox 
since the inclusion criteria included both chronic pain 
and work disability. However, since the participants 
were active in the labor market and worked fulltime, 
our observations of relatively high scores of perceived 
work ability appears reasonable. Nevertheless, com-
pared with age-matched controls without pain from the 
same slaughterhouses, a lower WAI score was observed 
among the workers with pain (unpublished data). This 
may be attributed to an imbalance between individual 
capacity and work demands, and according to the WAI 
score categorization, actions should be taken to maintain 
these employees’ work ability (29). 

The difference in WAI score observed post inter-
vention between strength and ergonomic training was 
2.3, and the effect size (Cohen’s d 0.52) could thus be 
categorized as moderate. Therefore, our hypothesis was 
confirmed, but the difference was largely driven by a 
worsening in WAI score in the ergonomic group. Hence, 
the regime of strength training intervention appeared to 
prevent further deterioration in work ability effectively 
compared with ergonomic training. Ergonomic training 
(exposure reduction) generally is considered the golden 
standard for preventing musculoskeletal disorders at 
workplaces, and it is thus unlikely that ergonomic train-
ing per se caused the within-group reduction of WAI. 
In the present study, experienced health and safety 
managers and safety representatives associated with the 
slaughterhouses implemented the ergonomic training 
intervention. A key element to the interpretation of the 
results in the ergonomic training group could be sea-
sonal variation in pain symptoms. Takala and coworkers 
(32) found a decrease in neck and shoulder pain from 
autumn and winter towards spring among female office 

Figure. 2. Change in work ability index (WAI) from baseline (0 weeks) 
to follow-up (10 weeks) with strength training (full line) and ergonomic 
training (dashed line). Values are least square means (standard error). 
* Denotes greater reductions in WAI with ergonomic training compared 
to strength training (P<0.05).

Table 2. Changes in work ability index (WAI) and single-item scores from baseline to 10-week follow-up. Pre-to-post intervention changes 
in each group are shown in left columns, and contrasts between the groups are shown in the right hand-side column. Single item P-values 
are post hoc Bonferroni corrected for multiple correlated end-points. [95% CI=95% confidence interval]

Strength training 
(difference from  

0–10 weeks)

Ergonomic training /  
usual care 

(difference from  
0–10 weeks)

Strength versus  
ergonomic 

(between group 
difference)

P-value

Mean 95% CI Mean 95% CI Mean 95% CI

WAI score 0.3 -1.1–1.7  -2.2 -3.5– -0.8 2.3 0.9–3.7 0.012 a
Item 1: Current work ability compared with the lifetime best (0–10)   0.0 -0.5–0.5  -0.5 -0.9–0.0 0.5 0.0–1.0 0.18
Item 2: Work ability in relation to the demands of the job (2–10)  0.4 0.0–0.8  -0.3 -0.8–0.1 0.7 0.3–1.2 0.003 a
Item 3: Number of current diseases diagnosed by a physician (1–7)  -0.2 -0.6–0.3  -0.3 -0.7–0.1 0.1 -0.3–0.6 1.00
Item 4: Estimated work impairment due to diseases (1–6) 0.1 -0.1–0.3   0.0 -0.2–0.2 0.0 -0.2–0.2 1.00
Item 5: Sick leave during the past year (1–5)  -0.2 -0.6–0.0  -0.5 -0.8– -0.2 0.2 -0.1–0.5 0.47
Item 6: Own prognosis of work ability two years from now (1–7)   0.2 -0.5–0.8  -0.3 -0.9–0.3 0.3 -0.4–1.0 1.00
Item 7: Mental resources (1–4)  0.1 -0.1–0.4  -0.3 -0.5–0.0 0.3 0.1–0.6 0.021 a

a Denotes significant difference P<0.05.
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workers and linked it to seasonal affective disorders 
(SAD). SAD is characterized by symptoms of depres-
sion such as low mood, concentration problems, loss of 
energy and fatigue with symptoms developing during 
fall and early winter (33). Thus, seasonal variation could 
have influenced the results of the WAI as baseline test-
ing and questionnaire was administered in August and 
September and follow-up in December. In line with this 
notion, Takala et al concluded, that a seasonal variation 
in symptoms should be considered when preventive 
programs for neck and shoulder disorders are planned 
and evaluated (32). This also highlights the importance 
of a usual care control group when evaluating the effect 
of new interventions. 

Analyzing the items of WAI separately revealed a 
between-group difference in items 2 and 7 concerning 
work ability in relation to the demands of the job and 
mental resources, respectively. The strength training 
program led to significant muscle strength gains in the 
upper limb, which theoretically results in a lower rela-
tive exposure during high-force, high repetition slaugh-
terhouse work (27, 34). Consequently, the imbalance 
between individual physical capacity and physical work 
demands potentially would be reduced, possibly explain-
ing the observed difference in demands of the job (item 
2) between the two groups. Although we did not measure 
relative exposure during work, a recent study using elec-
tromyography has shown lower relative exposure of the 
neck muscles among office workers during the working 
day following 10 weeks of strength training (35). 

To better comprehend the between-group change in 
mental resources (item 7) we should allude to the bio-
psychosocial model of chronic pain, which is a widely 
accepted model focusing on the complex interaction 
between biological, psychological, and social factors 
in the neurological perception of pain (36). Patients 
with chronic pain are at increased risk of emotional 
disorders (eg, anxiety and depression), maladaptive 
cognitions (eg, catastrophizing and poor coping skills), 
functional deficits and physical decondition (due to 
decreased physical activity and fear avoidance) (36). 
Because all these variables are interdependent, interven-
tions effective in reducing chronic pain would theoreti-
cally in parallel treat other dimensions of chronic pain 
perception as well. The questions in item 7 on mental 
resources relate to emotion, cognition, and behavior 
of the workers life in general, both at work and during 
leisure time. Thus, the present results may reflect (i) the 
influence of strength training as a potent tool for chronic 
pain management, (ii) the participants in the ergonomic 
group being more affected by their chronic pain, or (iii) 
a combination of both. 

Numerous intervention studies focusing on WAI 
have been conducted, however, no or only minor 
changes have been reported (14, 21–23). Blangsted 

(21) proved specific strength training and general physi-
cal activity to be effective in reducing neck and shoul-
der pain symptoms among office workers compared 
with inactive controls, however no change in WAI was 
observed. However, that study enrolled office workers 
in general and not specifically those with pain and dis-
ability. Additionally, no change in sick leaves and WAI 
score were observed following eight months of muscle 
strengthening, cardiovascular exercise, and stretching, 
suggesting  that work ability may not be influenced by 
single-component exercise interventions (22). In line 
with this notion, a review on individual factors of the 
WAI, stated that the multifactorial nature of the WAI 
should be taken into account when designing programs 
aimed at maintaining and promoting the participation of 
the labor force and improvement of performance at work 
(14). In contrast, the present study showed that strength 
training compared with ergonomic intervention effec-
tively prevents reduction in WAI among slaughterhouse 
workers with chronic pain. Although some may consider 
strength training a single-component exercise interven-
tion, the mutual involvement of workers, leaders, and 
organization at the slaughterhouses in the planning 
phase of the study and the group-based exercise regimen 
during the 10-week intervention may have induced both 
social and psychological benefits. In the present study, 
group-based strength exercise sessions were prioritized 
and instructors trained to supervise pain management, 
focus on positive feedback, and promote social engage-
ment among participants. A previous study from our 
research group showed that 8-weeks of group-based 
kettle-bell training at the workplace led to improved 
wellness and social relationships among colleagues 
(37). Together with the potent effect on chronic pain 
(27), which is composed of complex biopsychosocial 
interactions, strength training is a relevant workplace 
tool to influence the multidimensional WAI positively. 
Thus, strength training performed at the workplace in 
the company of colleagues may in fact be regarded as 
a complex biopsychosocial intervention modality that 
reaches further than the specific physiological benefits 
of training per se. Future studies could evaluate this 
potential effect (eg, by comparing workplace versus 
home-based physical exercise) on social capital and 
workers well-being at the workplace. 

The present study has both strengths and limitations. 
The randomized controlled design with concealed allo-
cation and blinded clinical examiners protects against 
systematic bias. Further, the low drop-out of participants 
at follow-up, the high adherence to the intervention 
regimes, and inclusion of drop-outs in the statistical 
analysis allowed us to test the actual effect of the inter-
ventions. A general weakness of behavioral interventions 
is that blinding of participants and those administrating 
the intervention is not possible. Accordingly, perceived 
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work ability measured by the WAI may be influenced 
by outcome expectations. However, to minimize this 
type of bias we included two active interventions groups 
rather than comparing treatment with an inactive waiting 
list group. A strength of our study was that participant 
outcome expectations at baseline were similar in the 
strength and ergonomic training intervention groups, 
suggesting that placebo effects were unlikely to differen-
tially affect the two groups. Finally, the exclusion and 
inclusion criteria used in the present study confine the 
generalizability of our results to workers with chronic 
pain in the arm, shoulder, and hand regions and those 
exposed to highly repetitive and forceful work. 

Concluding remarks

The present study demonstrated a significant effect of 
strength compared with ergonomic training on work 
ability (WAI) among slaughterhouse workers with 
chronic pain and work disability. This difference was 
largely driven by a reduction (ie, worsening) of WAI in 
the ergonomic group. Of the 7 WAI items, item 2 (work 
ability in relation to the demands of the job) and item 
7 (mental resources) were improved following strength 
compared with ergonomic training. Thus, strength train-
ing appears effective in preventing deterioration in work 
ability among slaughterhouse workers with chronic pain 
and work disability and could therefore be regarded as 
a complex biopsychosocial intervention modality that 
reaches further than the specific physiological benefits 
of training per se. 
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