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Abstract
Psychologically and physically straining work conditions increase the risk of low back pain (LBP) development. According 
to recent recovery theories, leisure time recovery can counteract the negative influences of work stress on health. Similarly, 
a recent empirical work has indicated a moderating role of recovery on the link between stress and health issues. In this 
paper, a theoretical model is deduced to integrate the moderating effects of recovery on work stress and LBP development. 
Based on theoretical and empirical results, 2 separate recovery paths are distinguished: on the one hand, recovery can pre-
vent the experience of stress because a well-recovered person can cope more easily with work demands; while on the other 
hand, recovery refills the depleted resources after confrontation with work strain and reduces stress experiences. Given that 
work strains is a main risk factor for LBP development, recovery in leisure time seems to be a highly relevant aspect, which 
has not been investigated to date in the field of LBP.
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INTRODUCTION
Low back pain (LBP) is a serious health issue causing high 
financial burden  [1–3]. The direct costs of  LBP, includ-
ing money spent on medical care, medications, diagnostic 
testing, etc., account for only 12.5% of the total costs, with 
the remaining  87.5% involving indirect costs originating 
from work absence and reduced productivity. An overview 
of LBP costs for several countries can be found in Dage-
nais, Caro, and Haldeman [4].
Numerous studies have been conducted to identify risk fac-
tors for LBP development. Results regarding these LBP 
risk factors have revealed the influence of variables in 

a variety of areas, including demographic, social, psycho-
logical, physical, and biological factors [5]. Low back pain 
is therefore considered as a  multicausal phenomenon. 
Apart from physical work demands [6], psychosocial cha­
racteristics of working environments are among the most 
frequently investigated risk factors related to  LBP  [7,8]. 
Research results show an increased LBP risk for employ-
ees with straining work conditions, caused by high work 
demands and low work resources [9–12]. The overall work 
strain and the resulting stress perceived by workers play 
a  central role in the process of  LBP developing, as de-
scribed by Marras [13].
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have been investigated. Two recent meta-analyses by Lang 
et al.  [8] and Hauke et al.  [7] identified high qualitative 
work demands, high work strain, and monotonous work as 
relevant LBP risk-factors. Furthermore, Hauke et al.  [7] 
also reported low job control as increasing LBP risk.
The identified LBP risk factors can be separated into 2 dis-
tinct groups. Work demands include factors at work which 
increase the effort that employees have to invest to suc-
cessfully fulfill their duties. A confrontation with high work 
demands at work will therefore result in an increase of 
psychological and physiological costs. In contrast, work re-
sources include work factors supporting employees, thereby 
reducing their work demands and the physical and psycho-
logical costs. Based on this model, LBP risk factors can be 
separated according to these  2 groups of work demands 
(quantitative work demands, monotonous work) and work 
resources (job control, job satisfaction, social support). The 
interactions between work demands and work resources 
lead to work strain perceived by employees, as described in 
the  ‘job  demands-resources model’ (JD-R model)  [17]. 
This means that work strain, another LBP risk factor, can 
be understood as a consequence of demanding work con-
ditions. Those interactions between work demands and 
resources are also confirmed for several  LBP risk fac-
tors [5,18]. For instance, job control diminishes the effects 
of work demands on the LBP risk [10,19,20].
Taking everything into account, all work demands have 
been reported to increase the risk of LBP when they are 
high, whereas work resources increase LBP risk when they 
are low. As a  consequence of high work demands and 
low work resources, employees experience work strain. 
High work strain induces physical and psychological stress 
reactions, which are thought to enhance  LBP develop-
ment [13]. The described relations between psychosocial 
work factors and  LBP development are summarized in 
Figure 1. The presented results and theoretical consider-
ations emphasize the relevance of psychosocial work fac-
tors and particularly work strain for LBP development.

Research in the field of  LBP development to date has 
focused on possible risk factors promoting LBP develop-
ment, especially regarding work conditions. However, ac-
cording to basic health concepts such as the salutogenesis-
model [14], not only risk factors but also protective factors 
should be taken into account when health issues are inves-
tigated. Furthermore, work-health models emphasize the 
importance of recovery experiences in the relation of work 
strains with health issues or general well-being  [15,16]. 
However, the influences of recovery processes have hith-
erto been neglected in theoretical and empirical work re-
garding LBP pathogenesis. Some researchers have started 
to investigate the influences of recovery experiences in 
leisure-time on the perception of psychosocial work fac-
tors and relations with health issues. Overall, these studies 
have indicated a  protective effect of recovery in respect 
to experiencing work stress, as well as negative influences 
of straining work conditions on well-being and health. If 
recovery could protect workers from experiencing work 
stress, it should also be explored which influences recovery 
experiences have on the link between work-related LBP 
risk factors and LBP development.
Therefore, the purpose of this paper is to specify the role 
and function of recovery experience in the process of LBP 
development. The 1st section of this paper will provide 
a brief overview of most relevant psychosocial risk factors 
and the way in which they induce back pain. The following 
section contains the description of theoretical consider-
ations regarding influences of recovery on work strain and 
health. Studies investigating these theoretical assumptions 
are presented in the 3rd section. Finally, a  theoretical 
model for the influences of recovery experiences on LBP 
development will be derived.

PSYCHOSOCIAL RISK FACTORS OF LBP
Psychosocial factors play an important role in LBP devel-
opment and have been investigated in a number of studies. 
In most of these studies, work-related psychosocial factors 
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reactions, are unavoidable yet reversible; namely, the psy-
chological and physiological systems will return to their 
initial state when confrontation with straining work con-
ditions is over. This process of restoring is named recov-
ery. If one perceives further strain after work or has to 
ruminate about work in leisure time, load reactions will 
remain and no recovery can take place. The physical and 
psychological systems cannot return to their initial opti-
mal state. Upcoming work demands will further increase 
these ongoing load reactions and are perceived as even 
more straining, due to the increased effort needed to cope 
with them. This could lead to a vicious circle and strong 
sustained load reactions, often described as stress. The 
ongoing chronic stress is associated with health issues and 
reduced well-being [15].
Kellmann [25] also described this accumulation of stress 
in his ‘scissor model’, outlining the interrelationship be-
tween stress and recovery. According to this model, one 
could handle stress up to an individually high level without 
compensation via additional recovery activities. If the per-
ceived stress rises beyond this individual level, additional 
recovery demands are necessary to stop load reactions. 
One has to intentionally implement recovery activities in 
the daily routine because the automatic and unconscious 
recovery phases are no longer sufficient. As an increase in 
stress simultaneously reduces the opportunities for recov-
ery, it becomes more difficult to achieve adequate recovery 
under high stress and accumulation of stress may occur. 
Over time, high amounts of stress or insufficient recovery 
could lead to health problems, such as burnout [26].
To sum up, the theoretical considerations support the idea 
of work factors playing an important role in the develop-
ment of health issues because unfavorable work condi-
tions could lead to work strain and stress. Moreover, the 
presented models highlight the importance of adequate 
and sufficient recovery to cope with upcoming work 
strains. Additional recovery should take place in leisure 
time, especially when work demands are unusually high. 

Apart from work-related factors, only a  few additional 
psychosocial factors have been investigated as risk factors 
for LBP. Similar to work demands, additional burdens dur-
ing leisure time, such as housework or caring for relatives, 
contribute to the risk of developing  LBP  [21,22]. More 
generally, Thorbjornsson et al. [23] reported that persons 
with unsatisfactory leisure time and unsatisfactory social 
contacts outside work show significantly more LBP phases 
in the following 24 years. They also found significant in-
teractions between leisure time factors and work demands 
(see  [23] for a  detailed description). Similar to work 
factors, leisure time demands increase the risk of  LBP, 
whereas leisure time resources, such as satisfaction with 
leisure time and sleep, reduce the risk. These results pro-
vide further support to the central role of strain and re-
sulting stress reactions for LBP development, not only at 
work but also during leisure time. A possible mechanism 
through which psychological strain can be linked to the 
occurrence of LBP is explained in the work of Marras [13].

WORK FACTORS, RECOVERY AND HEALTH
Several models have described the influences of psycho-
social work factors on health and well-being [15–17]. The 
model of Geurts and Sonnentag [15] holds particular in-
terest for this paper. Their model combines the basic as-
sumptions of the allostatic load theory of McEwen [24] and 
the ‘effort recovery model’ of Meijman and Mulder [16]. 
According to Geurts and Sonnentag  [15], confrontation 
with work strain leads to physical and psychological ad-
aptations (acute load reactions) because employees need 
to invest effort to perform successfully at work. These 
acute load reactions, often also described as acute stress 

Work resources

Work demands

Stress LBP

Fig. 1. Influence of work factors on low back pain (LBP) 
development
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increase the need for recovery and feelings of being 
stressed. On the other hand, appropriate recovery leads to 
better performances and reduced stress effects generated 
by future demanding situations. A well-recovered person 
is more capable of dealing with forthcoming demands and 
will perceive less stress when confronted with these de-
mands. Accordingly, recovery has a significant impact on 
the perception of and ability to cope with work factors, 
identified as relevant LBP risk factors. Therefore, it can 
be hypothesized that recovery could prevent LBP devel-
opment by reducing the work strain and resulting stress 
reactions, as described in Figure 2.

RECOVERY AND HEALTH
Apart from interrelations between work conditions and 
recovery, the importance of recovery processes for pre-
vention of health issues has also been indicated in several 
studies. Insufficient recovery is related to various health 
parameters, such as the risk of cardiovascular diseas-
es [38,39], general health [40,41], well-being [34] or inju-
ries [42,43]. In a study by Brink et al. [44], the stress and 
recovery states of soccer players predicted the occurrence 
of illness and injuries in the following 2 seasons. Soccer 
players with high amounts of stress and low recovery 
scores tend to suffer from injuries more often. Similarly, 
a correlation study of students during their exam period 
showed a  strong relation between different recovery 
states (general recovery, physical recovery, and sleep) and 
physiological or psychological complaints [45]. Consistent 
with these results, persons with a high need for recovery 

So far, no research has been undertaken to control for the 
influences of recovery processes on  LBP development. 
However, if psychosocial work factors and work strain are 
related to the process of LBP development, influences of 
recovery on this relation should be investigated. It is nec-
essary to take a closer look at the interrelation of recov-
ery and relevant  LBP risk factors to clarify the possible 
influences of recovery processes on LBP. Accordingly, the 
results concerning this interrelationship are described in 
the following section.

WORK DEMANDS AND RECOVERY
Most of the relevant risk factors of LBP are related to the 
need for recovery. Whereas work strain, work demands 
and high physical loads increase the need for recovery, job 
control, job satisfaction and sufficient sleep have the op-
posite effect [27–29]. Therefore, it can be concluded that 
straining work conditions with high demands and low re-
sources increase the need for recovery.
The positive influence of adequate recovery on the ability 
to cope with following demands, as stated in the previously 
mentioned theoretical models, has also been confirmed in 
recent research. For instance, Binnewies, Sonnentag, and 
Mojza [30] indicated that the recovery state at the begin-
ning of the week negatively predicts the perception of ef-
fort spent at work during the week. In particular, psycho-
logical detachment from work is important to reduce the 
perceived need of recovery  [31–33]. Persons with a high 
recovery experience on vacation, at the weekend or in the 
evening showed a better performance during the follow-
ing working days, as measured by self-rating scales and 
co-worker assessment  [30,32,34–36]. Moreover, further 
non-work hassles at the weekend led to worse job per-
formances during the next week in a  study by Fritz and 
Sonnentag [37].
The presented results support the theoretical assumptions 
of recovery affecting the influence of work demands and 
resources on stress. On the one hand, high work demands 

Work resources

Work demands

Stress

Recovery

LBP

LBP – low back pain.

Fig. 2. Recovery influences on the interplay of work factors 
and stress
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drivers. Overall, these 1st results indicate a  relevance 
of recovery processes for physical health issues, includ-
ing  LBP. People with a  higher need of recovery tend to 
have or develop physical complaints more often. Further-
more, the moderating influence of recovery on the rela-
tion of work factors and LBP has been indicated in one 
of these studies.

INFLUENCES OF RECOVERY 
ON LBP DEVELOPMENT
Based on the previous considerations,  2 ways by which 
recovery might influence the impact of straining work 
conditions on LBP development can be distinguished. On 
the one hand, recovery has a  preventive function. Work 
demands would not be perceived as highly straining if 
one was well-recovered and only low acute load reactions 
would occur. A  well-recovered person is more capable 
of dealing with high amounts of stress without perceiv-
ing excessive acute load reactions. The influences of rel-
evant risk factors are diminished, likewise are the risk of 
developing LBP.
On the other hand, recovery has a  restoring function, 
which is especially important to avoid accumulation of 
stress over time. The fact that recovery moderates the 
influence of work strain on health, especially when work 
strain is high, is in line with the ‘scissor model’ of Kell-
mann [25]. After exposure to highly straining work condi-
tions, sufficient recovery is necessary to restore physical 
and psychological systems. One should stop rumination 
and try to avoid further demands. If one cannot return to 
the initial state, upcoming working demands will be per-
ceived as even more straining and thus the accumulation 
of stress could take place.
In summary, recovery has a protective and restoring func-
tion, both of which lead to a reduced risk of experiencing 
high amounts of stress, as described in Figure 3. Conse-
quently, the LBP risk will be reduced, since influences 
of LBP risk factors are decreased. A moderating influence 

were at twice the risk of sickness absence in the follow-
ing  2 years, compared to people with high recovery sta-
tus  [46]. Furthermore, Sonnentag, Binnewies, and Mo-
jza  [47] indicated that, as an important recovery experi-
ence, the psychological detachment from work moderates 
the influence of work demands on psychosomatic health 
complaints. Only persons with low psychological detach-
ment from work showed a positive relation between work 
demands and health complaints. In conclusion, the results 
of recent literature corroborate the positive influence of 
recovery on health. Recovery is necessary to prevent ac-
cumulation of stress over time, which is linked to the de-
velopment of health complaints. Consequently, recovery is 
not only important to prevent the experience of high work 
strain, but also has a restoring function, as already stated 
in the model of Geurts and Sonnentag [15].
Researchers have started to investigate the influence of 
recovery on LBP. The occurrence of physical complaints, 
including  LBP, was negatively related to general well-
being, physical recovery, and sleep quality  [45]. Simi-
larly, de Jonge, Spoor, Sonnentag, Dormann, and van 
den Tooren  [48] found people with low detachment va­
lues to show more physical health complaints in the pre
vious 6 months, defined as neck, shoulder or back pain. 
The moderating influence of recovery has been investi-
gated by Mierswa and Kellmann [49]. They reported a re-
duced back pain risk for employees with high detachment 
scores and, furthermore, interaction effects between de-
tachment and work stressors and work climate. Employees 
showed an increased back pain risk when they reported 
strong work stressors or good work climate, but only when 
they had low scores on detachment. Employees with high 
detachment scores showed no increased risk of suffering 
from back pain. In addition to these cross-sectional re-
sults, a  longitudinal study examined the causal relations 
between recovery and  LBP. In this study, Machin and 
Hoare  [50] reported a  significant predictive influence of 
higher need for recovery on physical complaints in bus 
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role of recovery for work-induced LBP development could 
be described in this paper in general, specific relationships 
between related parameters remain unclear and should be 
investigated in future studies.
The considerations contained in this paper highlight the 
importance of recovery processes for LBP development. 
People with high work strain and low recovery experiences 
tend to develop LBP more often compared to those with 
high work strain and high recovery experiences or people 
with general low work strain. This theoretically deduced 
moderating effect of recovery has to be supported by re-
search results. Studies including measures of psychosocial 
work factors, recovery parameters, and back pain could 
provide more insight into possible moderating effects of 
recovery. Prospective studies should be executed to clarify 
the exact connections and directions between the involved 
factors. At present, it is unclear how strong these moderat-
ing effects of recovery might be. It would also be interest-
ing to investigate which psychosocial work factors are spe-
cifically influenced by recovery, or alternatively, whether 
recovery influences all work factors in similar ways.
To gain a  better understanding of how recovery influenc-
es LBP development, it would be useful to compare effects 
of different recovery experiences or forms. A specification of 
the distinct effects would be useful to identify people at risk 
and improve LBP prevention. While the effect of recovery 
activities has been shown to be highly subjective [25], Son-
nentag and Fritz [52] indicated 4 basic recovery experiences 
that are important for successful recovery: Detachment, 
Relaxation, Control, and Mastery. It is unclear which recov-
ery experience is most important to reduce LBP risk when 
confronted with high stress. A specification of the interre-
lations between work factors and recovery experiences will 
provide further insight into the fundamental mechanisms 
through which recovery reduces work strain and LBP risk. 
According to Kellmann and Kallus  [26], recovery can 
take place in different forms. Beside general recovery, so-
cial recovery, physical recovery, success, and sleep can be 

of recovery on the relation between work strain and LBP 
development can be assumed. As described, recovery 
mainly influences the impact of work strain on health 
when work strains are high. This means recovery will have 
little or no influence on the LBP risk when work demands 
are low; however, if work demands are high, recovery is 
highly relevant to reduce stress and the risk of LBP devel-
opment. Consequently, people confronted with high work 
strain should increase their recovery experiences in leisure 
time, even though it is harder to relax under stress.
The final theoretical model reflects the  1st attempt to 
integrate recovery processes in the pathogenesis of LBP. 
Although the interplay of work conditions, recovery, and 
health, has already been described in several theoretical 
concepts, no longitudinal study has been published regard-
ing possible moderating influences of recovery on  LBP 
risk, caused by work conditions. So far, possible interrela-
tions between LBP risk factors, recovery and LBP devel-
opment can only be derived from studies regarding gen-
eral physical health complaints. This is astonishing given 
that stress should never be examined without looking for 
possible moderating recovery processes [51].

CONCLUDING REMARKS
The presented results and derived theoretical model illus-
trate the influence of recovery on the impact of psychoso-
cial work factors on LBP development. According to this 
model, recovery influences the LBP risk by either prevent-
ing a strong stress reaction towards demanding work con-
ditions or stopping ongoing load reactions and restoring 
depleted physical and psychological systems. Whereas the 

Work resources

Work demands

Stress accumulationAcute stress LBP

Recovery

Fig. 3. The protective and restoring influence of recovery 
on low back pain (LBP) development, caused by work factors
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nomics. 2005;48(5):464–77, http://dx.doi.org/10.1080/0014013 
0400029175.

6.	Heneweer H, Staes F, Aufdemkampe G, van Rijn M, Van-
hees  L. Physical activity and low back pain: A  systematic 
review of recent literature. Eur Spine J. 2011;20(6):826–45, 
http://dx.doi.org/10.1016/j.pain.2008.12.033.

7.	Hauke A, Flintrop J, Brun E, Rugulies R. The impact of work-
related psychosocial stressors on the onset of musculoskeletal 
disorders in specific body regions: A review and meta-analysis 
of  54 longitudinal studies. Work Stress.  2011;25(3):243–56, 
http://dx.doi.org/10.1080/02678373.2011.614069.

8.	Lang J, Ochsmann E, Kraus T, Lang JW. Psychosocial work 
stressors as antecedents of musculoskeletal problems: A sys-
tematic review and meta-analysis of stability-adjusted lon-
gitudinal studies. Soc Sci Med.  2012;75(7):1163–74, http://
dx.doi.org/10.1016/j.socscimed.2012.04.015.

9.	Clays E, de Bacquer D, Leynen F, Kornitzer  M, Kittel  F, 
de  Backer  G. The impact of psychosocial factors on low 
back pain: Longitudinal results from the Belstress study. 
Spine.  2007;32(2):262–68, http://dx.doi.org/10.1097/01.brs. 
0000251884.94821.c0.

10.	Ghaffari M, Alipour A, Farshad A, Jensen I, Josephson M, 
Vingard E. Effect of psychosocial factors on low back pain 
in industrial workers. Occup Med. 2008;58(5):341–47, http://
dx.doi.org/10.1093/occmed/kqn006.

11.	Lonnberg F, Pedersen PA, Siersma V. Early predictors of the 
long-term outcome of low back pain-results of a 22-year pro-
spective cohort study. Fam Pract. 2010;27(6):609–14, http://
dx.doi.org/10.1093/fampra/cmq061.

12.	Miranda H, Viikari-Juntura E, Punnett L, Riihimaki  H. 
Occupational loading, health behavior and sleep disturbance 
as predictors of low-back pain. Scand J Work Environ Health. 
2008;34(6):411–19, http://dx.doi.org/10.5271/sjweh.1290.

13.	Marras WS. The working back: A  systems view. Hobo
ken (NJ): Wiley-Interscience; 2008, http://dx.doi.org/10.1002/ 
9780470258576.

distinguished as well. Similar to various recovery experi-
ences, differences between those recovery forms as re-
gards  LBP  development should be investigated. Is high 
social recovery especially important for employees with low 
social support at work, or is a specification of the recovery 
forms irrelevant for the impact on work strain and LBP risk?
If the hypothesized moderating effect of recovery can be 
confirmed by empirical research, it will enrich the knowl-
edge on the factors related to LBP development. More-
over, it could promote new approaches in LBP prevention 
with a stronger focus on teaching techniques to cope with 
straining work conditions. Whereas employers should 
strive to reduce unfavorable and straining work conditions 
to minimize LBP risk for employees, teaching employees 
ways to recover after and during work may also be an ef-
fective way to reduce LBP risk.
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