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Abstract
Purpose  Work ability can be measured by the work ability index (WAI), and work-related questions measuring productivity 
loss in terms of quality and quantity of work. Dentists have high occupational risk of musculoskeletal pain and the exposure 
of ergonomic strain is already high during dental education. The aim was to evaluate work ability and productivity among 
dentists, and to identify gender differences and associations with sleep, stress, and reported frequent pain.
Methods  The study population comprised 187 dentists (123 women and 64 men) who had been working as dentists between 
5 and 12 years. Participants completed a questionnaire regarding sleep, stress, presence of pain at different sites, work ability 
assessed by WAI, and productivity in terms of quality and quantity of work.
Results  Poor sleep quality and high level of stress were reported by 31% and 48.1% of participants, respectively, with no 
gender differences and no association with age. The prevalence of frequent pain ranged 6.4–46.5% with shoulders being the 
most prevalent site. Thirty-three percent reported reduced work ability. Poor sleep, high amount of stress, and multi-site pain 
were associated with decreased work ability.
Conclusions  A high prevalence of pain was shown among dentists. Decreased work ability in terms of productivity loss was 
associated with poor sleep quality, high amount of stress, and multi-site pain. Preventive actions at the workplace should 
promote good musculoskeletal health, and measures taken, both individual and organizational, to minimize the risk of high, 
persistent stress and work-related pain.
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Introduction

Work ability has been defined as “the sum of factors ena-
bling an employed person in a certain situation to manage 
his/her working demands successfully” (Bernburg et al. 
2016) or described as the balance between the employee’s/
person’s resources and the work demands. Work ability can 
be measured by the validated work ability index (WAI) (de 
Zwart et al. 2002). It has also been presented through two 

work-related questions that measure productivity loss due 
to pain or discomfort in terms of quality and quantity of 
work. These questions were presented in 2009 by Martimo 
et al. (2009), and were recently applied to study associations 
between neck pain and productivity (Svedmark et al. 2018).

Pain and musculoskeletal disorders (MSD) are common 
conditions in the general population, and are often linked 
to sickness absence, long-term sick leave, and decreased 
quality of life (Breivik et al. 2006; Lindegard et al. 2014). 
Epidemiological studies have reported that multi-site pain is 
common in both general and working populations (Carnes 
et al. 2007; Solidaki et al. 2013). Multi-site musculoskeletal 
pain was reported to be related to poor work ability (Miranda 
et al. 2010). In a recent Danish study among female labora-
tory technicians, work ability decreased gradually with both 
increased stress levels and the presence of musculoskeletal 
pain (Jay et al. 2015). High stress levels were also identified 
as a risk factor for chronic facial pain (Fillingim et al. 2011; 
Nevalainen et al. 2017) as well as for neck and back pain 
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(Linton 2000). Furthermore, the presence of neck pain was 
reported to be related to sleep disturbances (Grimby-Ekman 
and Hagberg 2012; Finan et al. 2013). Recently published 
data from the Swedish Work Environment Authority show 
that approximately 1/3 of the working population report neck 
pain at least once a week (Arbetsmiljöverket 2014).

Among dentists, 25–75% report work-related neck or 
back pain (Morse et al. 2010), and previous studies have 
shown the presence of neck and back pain as well as tempo-
romandibular disorders (TMD) already during their dental 
school period (Thornton et al. 2008; Marklund and Wän-
man 2010). Dentists are thus at a high occupational risk of 
contracting musculoskeletal pain in the neck, shoulders, and 
low back, as well as in the elbows, wrists, and fingers (Morse 
et al. 2010; Kierklo et al. 2011). Static load on the neck 
and shoulders, combined with fine motor skills, finger force 
demands, and time pressure are possible exposures related 
to the development of pain. In the past, dentistry has been a 
male-dominated profession, but today, women dominate the 
occupation. In Sweden, 60–70% of those attending the den-
tal program are women. Previous studies also indicate that 
MSD are especially common among women working within 
human services (Leijon et al. 2004). Women in the general 
population report neck pain more frequently and also seek 
care to a greater extent than men (Fejer et al. 2006; Larsson 
et al. 2007). Since women are more likely to develop pain, 
there is increasing need for continued research on the topic 
of gender differences and work ability in dentistry.

Several studies show a comorbidity of pain in the jaw, 
neck, shoulders, and low back (Von Korff et  al. 2005; 
Wiesinger et al. 2007; Wiesinger et al. 2009; Marklund 
et al. 2010; Graff-Radford 2012), and a mutual influence 
between these pain conditions has been shown (Marklund 
et al. 2010). However, there is still a gap of knowledge con-
cerning the relationship between different pain conditions, 
high amount of stress, and estimated sleep quality, and the 
impact these factors have on work ability and productiv-
ity among dentists. The present study aims to evaluate the 
work ability and productivity in terms of quality of work 
and quantity of work among dentists, and to identify gender 
differences and associations with sleep, stress, and reported 
frequent pain. The hypothesis was that pain, high amount 
of stress, and poor sleep were associated with reduced work 
ability and productivity.

Subjects and methods

Study population

A total of 371 individuals who attended the dentistry pro-
gram at Umeå University during 1998–2005 were invited 
to participate in this cohort study. They all received a 

questionnaire, sent by post, during the beginning of 2015, 
a letter of correspondence, and a reply envelope. After two 
reminders, a total of 212 responses were received. The drop-
outs (n = 159) did not reply for the following unknown rea-
sons: interrupted dental studies, had an unknown address, 
answered that they did not want to participate, had emigrated 
or had died. Those who were working in other professions, 
were on sick leave, or were on parental leave were excluded 
from the analyses (n = 25). Hence, a study population of 187 
working dentists (123 women and 64 men) was identified, all 
who had been working as dentists between 5 and 12 years. 
The mean age was 37.4 years (range 31–59 years).

Ethical considerations

The study was approved by the Regional Ethical Review 
Board in Umeå, Sweden, (Dnr 2015-86-32M) and carried 
out in accordance with the Declaration of Helsinki.

Questionnaire

All participants completed a questionnaire regarding:

•	 Age
•	 Gender
•	 Employment (employee or employer/boss)
•	 Working hours (full time or part time)
•	 Presence of frequent pain at different sites—once a week 

or more often (yes or no)
•	 Intensity of pain at different sites—jaw/face/temples, 

head, neck, shoulders, low back, elbows, and wrists/fin-
gers (rating on the Numerical Rating Scale: NRS 0–10 
from 0 (practically nothing) to 10 (worst thinkable) (Von 
Korff et al. 1992))

•	 General health (rating on a 5-point scale: very good, 
good, reasonable, poor, or very poor)

•	 BMI [body mass index (kg/m2)]
•	 Sleep quality (rating on a 5-point scale: very good, good, 

reasonable, poor, or very poor)
•	 Amount of stress (rating on a 5-point grading scale: not at 

all, just a little, to some extent, quite a lot, or very much 
(Elo et al. 2003))

•	 Work productivity

1.	 Quality of work (rating on the Numerical Rating 
Scale, NRS 0–10)

2.	 Quantity of work (rating on the Numerical Rating 
Scale, NRS 0–10)

•	 Questions included in the validated work ability index 
(WAI) (de Zwart et al. 2002)
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Work productivity was assessed with two questions (Mar-
timo et al. 2009):

1.	 Assess the impact of your symptoms last month and 
mark on a scale from 0 (very poor quality) to 10 (regu-
lar quality) the quality of your work when compared to 
your normal workday;

2.	 Assess the impact of your symptoms last month and 
mark on a scale from 0 (practically nothing) to 10 (regu-
lar quantity) how much work you were able to perform 
when compared to your normal workday.

Analysis

For the analyses, the items below were dichotomized as 
follows:

•	 Reported pain: no pain (less than once a week) or fre-
quent pain (once a week or more)

•	 Reported sleep quality: good (very good, good) or poor 
(reasonable, poor, very poor)

•	 Reported level of stress: low (not at all, just a little) or 
high (to some extent, quite a lot, very much)

•	 Quality of work: high (NRS 9–10) or reduced (NRS 0–8)
•	 Quantity of work: high (NRS 9–10) or reduced (NRS 

0–8)

The calculation of the WAI score was based on the 
answers to seven in-depth questions about physical and 
mental demands of the work, as well as the worker´s health 
state and mental resources. Based on the individual total 
score, each person was classified and grouped into one of 
four WAI categories: poor (7–27 points); moderate (28–36 
points); good (37–43 points); and excellent work ability 
(44–49 points) (de Zwart et al. 2002).

The variable number of pain sites was created with cat-
egories 0 (no frequent pain), 1 (one site with frequent pain), 
and > 1 (more than one site with frequent pain). Pain in the 
elbows and wrists/hands/fingers was pooled.

Statistics

The Chi-square test was used to test for associations 
between gender and reported sleep quality, level of stress, 
WAI, and occurrence of frequent pain at different sites. 
The Mann–Whitney U test was used to test for associations 
between age and sleep, stress, quality of work, quantity 
of work, as well as the number of pain sites, respectively. 
Logistic regression analyses were performed with quality 
of work and quantity of work as output variables. For each 
of these variables, the factors gender, estimated sleep qual-
ity, amount of stress, and number of pain sites were entered 
as covariates. The logistic regression was first calculated 

for each factor and each dependent variable, adjusted only 
for gender. Then, a multivariate model was created using 
backward selection method, run in a manual procedure, and 
adjusted for gender. In the first step, all four factors (gender, 
estimated sleep quality, amount of stress, and number of 
pain sites) and all second-order interactions were entered. 
Step by step, the non-significant interactions were removed, 
followed by removal of non-significant single factors, except 
for those associated with significant interactions. WAI was 
not included in the logistic regression analyses due to few 
individuals in the poor and moderate categories.

For quality of work and quantity of work, the interaction 
between stress and number of pain sites was not entered 
into the model because of zero cells. The same applied to 
the interactions between sleep and number of pain sites for 
quantity of work.

Associations between output variables and covariates 
were assessed by odds ratios (OR) and 95% confidence 
intervals (CI). In the regression analysis, the results were 
considered statistically significant if the CI did not include 
1 (one). A p value < 0.05 was considered statistically signifi-
cant. All analyses were performed with IBM SPSS 24 (IBM 
Corp, Armonk, NY).

Quality control and assurance

Data were collected during a limited period of time and reg-
istered in excel and SPSS by one person. Before the analy-
ses, data were checked twice. The analyses were performed 
with well-tested statistical tools and techniques, by an expe-
rienced statistician. All authors are well acquainted with the 
data and the preparation of the manuscripts.

Results

Population characteristics

Population characteristics are presented in Table 1. Poor 
sleep quality and high level of stress were reported by 31% 
and 48.1%, respectively, with no gender differences and no 
association with age. WAI was poor for 0.6% of the partici-
pants, whereas 5.8% had moderate, 34.9% good, and 58.7% 
had excellent work ability, respectively, without gender dif-
ferences. Reduced quality of work and reduced quantity of 
work were reported by 19.8% and 20.2%, respectively, of 
those included in the analysis. There were no associations 
between age and work productivity.

Musculoskeletal symptoms

In total, 71.1% (men 64.1%, women 74.8%) of the subjects 
reported frequent pain (once a week or more) in the jaw/
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face/temples, head, neck, shoulders, low back, elbow, or 
wrist/hand/fingers. Frequent pain at these sites was reported 
within the range 6.4–46.5%. Location and gender distribu-
tion are presented in Fig. 1. Shoulders were the most com-
mon pain site among both men (42.2%) and women (48.8%). 
No gender differences were found for the prevalence of pain 
at different sites, except for frequent headaches (15.6% 
among men and 31.7% among women, p = 0.02). The reverse 
cumulative proportion of the number of pain sites is shown 
in Fig. 2. There was no association between age and number 
of pain sites.

Work productivity in terms of work quality 
and quantity in regression models

In any of the logistic regression models, gender itself was 
not significant (quality of work: OR 1.3; 95% CI 0.6–2.9) 
and quantity of work: OR 1.0; 95% CI 0.4–2.1). In the mul-
tivariate regression analysis, reduced quality of work showed 
significant associations with high level of stress (OR 5.0; 
95% CI 2.0–12.3) and presence of more than one pain site 
(OR 7.2; 95% CI 1.6–32.0) (Table 2). Reduced quantity of 
work showed significant associations with estimated poor 
sleep (OR 3.5; 95% CI 1.6–7.5), high level of stress (OR 4.3; 
95% CI 1.8–10.0), and presence of at least one pain site (OR 
17.0; 95% CI 2.2–129.4) (Table 2).

Discussion

The main findings of the present study were that approxi-
mately 20% of the dentists reported decreased productivity 
in terms of quality and quantity of their work due to pain 
or discomfort, and just over 6% reported poor-to-moderate 
work ability, according to work ability index (WAI). Poor 
sleep quality, high level of stress, and multi-site pain were 
also common and were all associated with productivity in 
the analyses adjusted only for gender. Consequently, the 
hypothesis was met. In the multivariate model, poor sleep 
did not remain significant for decreased quality of work.

For the definition of work ability, we used the validated 
work ability index (WAI) (de Zwart et al. 2002), and also 
the two questions measuring self-rated productivity in 
terms of quality of work and quantity of work (Martimo 
et al. 2009). In the study by Martimo et al. (2009), the self-
reported productivity loss was 56% among active workers 
in various physical, as well as sedentary, occupations who 
were clinically diagnosed with an upper extremity muscu-
loskeletal disorder. In the present study, we found a lower 
value with approximately 20% reporting reduced quality of 
work or quantity of work, respectively. On the other hand, 
our definition of productivity loss was 0–8 on an NRS 0–10, 
whereas Martimo regarded 0–9 as productivity loss. In the 

Table 1   Population characteristics (n = 187)

BMI body mass index, WAI work ability index (WAI score: 
poor = 7–27, moderate = 28–36, good = 37–43, excellent = 44–49)
a 0 = very good, or good; 1 = reasonable, poor, or very poor
b 0 = not at all, or just a little; 1 = to some extent, quite a lot, very 
much
c 0 = high (NRS 9–10), 1 = reduced (NRS 0–8)

Number of 
participants

% Mean SD

Gender
 Male 64 34.2
 Female 123 65.8

BMI
 Range 18–39 185 98.9 23.7 3.4
 Missing 2 1.1

Age
 Range 31–59 187 100 37.4 5.1

General healtha

 0 175 94.1
 1 11 5.9
 Missing 1

Employment
 Employee 141 75.4
 Employer/boss 46 24.6

Working hours
 Full time 118 63.1
 Part time 69 36.9

Sleepa

 0 129 69.0
 1 58 31.0

Stressb

 0 97 51.9
 1 90 48.1

Quality of workc

 0 138 80.2
 1 34 19.8
 Missing 15

Quantity of workc

 0 138 79.8
 1 35 20.2
 Missing 14

Number of pain sites
 0 54 28.9
 1 33 17.6
 > 1 100 53.5

WAI
 Range 23–49 43.4 4.5
 Poor 1 0.6
 Moderate 10 5.8
 Good 60 34.9
 Excellent 101 58.7
 Missing 15
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present study, cut-off was chosen to get enough individuals 
(n) in each group for the analyses.

Having a clinical diagnosis, which is most common with 
reported multi-site pain, could thus imply a more severe pro-
ductivity loss than having symptoms without diagnosis. We 
do not know if our subjects had any clinical diagnosis, but 
they did have symptoms of multi-site pain, which probably 
means that some also had clinical diagnosis. In support of 
this is our data with the high odds ratios for decreased pro-
ductivity among dentists with more than one pain site. This 
is also in line with a recent study among health care provid-
ers, including dentists, that showed that multi-site musculo-
skeletal pain was associated with poor work ability and that 
the association was likely to increase by a higher number of 
pain sites (Phongamwong and Deema 2015).

In a systematic review, poor work ability was associated 
with reduced musculoskeletal capacity, lack of physical 
activity on leisure time, high physical and psychosocial work 
demands, older age, and obesity (van den Berg et al. 2009). 
Psychosocial work environment factors such as job strain, 
control, demands, and perceived stress were also reported to 
be associated with decreased productivity and work ability 
(Martimo et al. 2009). Furthermore, a recent study by Sved-
mark et al. (2018) showed associations between stress and 
decreased productivity. People with reduced working capac-
ity more often report high work-related stress. An elevated 
risk of impaired work ability and chronic MSD was found 
among individuals in professions; for example, dentists, who 
are exposed to repetitive, monotonous exertion, and body 
positions (Jay et al. 2015). The work situation for dentists 
involves high clinical job skills combined with cost–effectiv-
ity demands and time pressure. Working under high work-
loads will affect the dentist´s stress levels and work ability 
in the long run. In the present study, we found strong asso-
ciations between multi-site pain, high amount of stress, and 
reduced work productivity. Among female laboratory tech-
nicians, increased self-perceived stress and musculoskeletal 
pain from the neck and shoulders were independently associ-
ated with lower work ability (Jay et al. 2015). In addition, 
previous studies showed associations between temporoman-
dibular disorders (TMD) and stress (De Leeuw et al. 2005; 
Sipila et al. 2008; Fillingim et al. 2011). In a recent study 
from Finland among the general population, high stress lev-
els were connected to an increased risk for chronic facial 
pain in comparison to low stress levels as assessed by items 
in the WAI (Nevalainen et al. 2017).

Lindegård et al. (2014) reported that for Swedish health 
care workers, high job strain, sleep disturbances, and mus-
culoskeletal pain were associated with decreased work 

Fig. 1   Location and gender 
distribution of reported frequent 
pain (%). *p = 0.02
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performance and productivity loss. The concept of work 
performance was defined as a combination of qualitative 
and quantitative aspects of performing a work task. Fre-
quent musculoskeletal pain was identified as a risk factor 
for decreased work ability and work performance.

We found high frequencies for pain in different sites with 
the highest prevalence for the neck and shoulders. The val-
ues were near to or slightly lower than those reported by oth-
ers (Morse et al. 2010; Sakzewski and Naser-ud-Din 2014; 
Pejcic et al. 2017; Taib et al. 2017). In different studies, 
different measurement tools have been used to determine 
MSDs. In our study, reported pain once a week or more 
often was included in the analysis. In several similar studies, 
a modification of the Standardized Nordic Questionnaire was 
used, then as reported pain or discomfort during work for 
the last 12 months (Kuorinka et al. 1987), without taking 
into account the frequency and intensity of the symptoms. 
Using different measurement tools or different definitions 
regarding the presence of musculoskeletal pain symptoms 
may account for the different prevalence values, and thus 
may complicate comparisons between studies.

To our knowledge, the present study is the first where 
work ability and productivity were calculated among dentists 
and that work productivity related to stress, sleep quality, and 
reported frequent pain are examined among dentists. Data 
were collected with the aid of a questionnaire. The response 

rate was 57%. This was acceptable and in line with some 
corresponding studies (Sakzewski and Naser-ud-Din 2015; 
Pejcic et al. 2017), but slightly lower than that reported in a 
recent review by Morse et al. (2010). Among those who did 
not respond, the distribution between men (46%, n = 73), and 
women (54%, n = 86) were more equal compared to those 
who responded. The age range was between 18 and 42 years, 
and the majority (80% of those who did not respond) were 
27 years or younger.

One of the strengths of our study was the use of vali-
dated screening questions, for example, validated screening 
questions for calculating the WAI score. Work ability was 
assessed by the work ability index (WAI), which is an inter-
nationally well-accepted and validated questionnaire tool 
developed by the Finnish Institute of occupational health 
(Ilmarinen 2007). The use of such questions is a valid and 
applicative tool in occupational health research as well as in 
the daily practice of occupational health care. On the other 
hand, a major limitation of our study is the cross-sectional 
design which limits conclusions regarding causality. Another 
limitation is that the questionnaire survey may compose a 
retrospective bias. On the other hand, this applies to all par-
ticipants in the study.

Based on the information which we have about working 
hours, no conclusions can be drawn regarding possible 
associations to any of the studied variables. About 1/3 

Table 2   Binary logistic regression analysis of quality of work (high or reduced) and quantity of work (high or reduced) as outcome variables and 
symptoms as covariates

OR (odds ratio) and CI (confidence interval) are reported
*p < 0.05, **p < 0.01, ***p < 0.001
# Adjusted for gender
a 0 = very good, or good; 1 = reasonable, poor, or very poor
b 0 = not at all, or just a little; 1 = to some extent, quite a lot, very much
c High = NRS 9–10, reduced = NRS 0–8

Quality of workc Quantity of workc

Number 
(n = 172)

Adjusted#

OR (95% CI)
Multivariate
OR (95% CI)

Number 
(n = 173)

Adjusted#

OR (95% CI)
Multivariate
OR (95% CI)

Gender
 Male 58 1.0 1.0 58 1.0 1.0
 Female 114 1.3 (0.6–2.9) 1.0 (0.4–2.3) 115 1.0 (0.4–2.1) 0.6 (0.3–1.5)

Sleepa

 0 118 1.0 119 1.0 1.0
 1 54 2.3 (1.1–5.1)* 54 3.5 (1.6–7.5)** 2.9 (1.3–6.8)*

Stressb

 0 85 1.0 1.0 85 1.0 1.0
 1 87 5.0 (2.0–12.3)*** 4.3 (1.7–10.8)** 88 4.3 (1.8–10.0)*** 3.3 (1.3–8.4)*

Number of pain sites
 0 42 1.0 1.0 42 1.0 1.0
 1 32 4.6 (0.9–24.6) 4.7 (0.8–26.4) 32 7.6 (0.8–68.6) 12.8 (1.3–130.3)*
 > 1 98 7.2 (1.6–32.0)** 5.3 (1.2–24.6)* 99 17.0 (2.2–129.4)** 16.4 (2.0–133.7)**
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of the respondents work part time, but the majority, 155 
individuals (83%) work more than 80% up to full time. 
The reason for working part time is not known, but 97% 
of these individuals are 32–41 years, which reflects a time 
in the middle of life, with probable periods of parental 
leave. When it comes to type of employment, one can 
suspect that the employer/boss has greater influence over 
work compared to the employee. However, we did not find 
any associations between employment type and work pro-
ductivity, sleep quality, amount of stress, or various pain 
symptoms.

It is remarkable that every fifth dentist rather early in 
their careers report reduced quality of work due to pain 
or discomfort. This could affect the care received by the 
patients. In this study, it becomes clear that many working 
dentists consider themselves healthy and capable of work, 
despite having frequent pain. Here, the WAI score does not 
capture these problems while the calculations on work pro-
ductivity do. The relationship between the dentist’s work 
environment and their own health is now an identified area 
that needs further exploration.

Conclusion

About 20% of the dentists reported decreased productivity of 
their work due to pain and discomfort, and over 6% reported 
poor-to-moderate work ability. Productivity loss was asso-
ciated with poor sleep quality, a high amount of stress, and 
multi-site pain. Preventive actions at the workplace to main-
tain high work ability and productivity should include meas-
ures to promote good musculoskeletal health among dentists, 
as well as measures, both individual and organizational, to 
minimize the risk of high, persistent stress levels, and fre-
quent work-related pain. These symptoms must be identified 
early and taken seriously as pain is a strong predictor for 
persistent stress and future inconvenience.

Acknowledgements  Open access funding provided by Umea Uni-
versity. This study was supported by the department of Clinical Oral 
Physiology, and the department of Public Health and Clinical Medi-
cine, Occupational and Environmental Medicine, Västerbotten County 
Council, and Umeå University.

Funding  Financial support was provided by Västerbotten County 
Council and Umeå University.

Compliance with ethical standards 

Conflict of interest  We declare no conflict of interest.

Informed consent  Participation in this study has been entirely vol-
untary and all subjects have given their informed consent. Survey 

responses and results are processed, so that unauthorized persons can-
not access them.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat​iveco​
mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Arbetsmiljöverket (2014) Arbetsmiljön 2013. https​://www.av.se/
globa​lasse​ts/filer​/stati​stik/arbet​smilj​ostat​istik​-arbet​smilj​on-
2013-rappo​rt-2014-03.pdf. Accessed 31 Jan 2017

Bernburg M, Vitzthum K, Groneberg DA, Mache S (2016) Physi-
cians’ occupational stress, depressive symptoms and work abil-
ity in relation to their working environment: a cross-sectional 
study of differences among medical residents with various spe-
cialties working in German hospitals. BMJ Open 6(6):e011369

Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D (2006) 
Survey of chronic pain in Europe: prevalence, impact on daily 
life, and treatment. Eur J Pain 10(4):287–333

Carnes D, Parsons S, Ashby D, Breen A, Foster NE, Pincus T, Vogel 
S, Underwood M (2007) Chronic musculoskeletal pain rarely 
presents in a single body site: results from a UK population 
study. Rheumatology (Oxford) 46(7):1168–1170

De Leeuw R, Bertoli E, Schmidt JE, Carlson CR (2005) Prevalence 
of traumatic stressors in patients with temporomandibular dis-
orders. J Oral Maxillofac Surg 63(1):42–50

de Zwart BC, Frings-Dresen MH, van Duivenbooden JC (2002) Test-
retest reliability of the Work Ability Index questionnaire. Occup 
Med (Lond) 52(4):177–181

Elo AL, Leppanen A, Jahkola A (2003) Validity of a single-item 
measure of stress symptoms. Scand J Work Environ Health 
29(6):444–451

Fejer R, Kyvik KO, Hartvigsen J (2006) The prevalence of neck 
pain in the world population: a systematic critical review of the 
literature. Eur Spine J 15(6):834–848

Fillingim RB, Ohrbach R, Greenspan JD, Knott C, Dubner R, Bair E, 
Baraian C, Slade GD, Maixner W (2011) Potential psychosocial 
risk factors for chronic TMD: descriptive data and empirically 
identified domains from the OPPERA case-control study. J Pain 
12(11 Suppl):T46–T60

Finan PH, Goodin BR, Smith MT (2013) The association of sleep and 
pain: an update and a path forward. J Pain 14(12):1539–1552

Graff-Radford SB (2012) Facial pain, cervical pain, and headache. 
Continuum (Minneap Minn) 18(4):869–882

Grimby-Ekman A, Hagberg M (2012) Simple neck pain questions 
used in surveys, evaluated in relation to health outcomes: a 
cohort study. BMC Res Notes 5:587

Ilmarinen J (2007) The work ability index (WAI). Occup Med 57:160
Jay K, Friborg MK, Sjogaard G, Jakobsen MD, Sundstrup E, 

Brandt M, Andersen LL (2015) The consequence of combined 
pain and stress on work ability in female laboratory techni-
cians: a cross-sectional study. Int J Environ Res Public Health 
12(12):15834–15842

Kierklo A, Kobus A, Jaworska M, Botulinski B (2011) Work-related 
musculoskeletal disorders among dentists—a questionnaire sur-
vey. Ann Agric Environ Med 18(1):79–84

Kuorinka I, Jonsson B, Kilbom A, Vinterberg H, Biering-Sorensen 
F, Andersson G, Jorgensen K (1987) Standardised Nordic 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.av.se/globalassets/filer/statistik/arbetsmiljostatistik-arbetsmiljon-2013-rapport-2014-03.pdf
https://www.av.se/globalassets/filer/statistik/arbetsmiljostatistik-arbetsmiljon-2013-rapport-2014-03.pdf
https://www.av.se/globalassets/filer/statistik/arbetsmiljostatistik-arbetsmiljon-2013-rapport-2014-03.pdf


278	 International Archives of Occupational and Environmental Health (2020) 93:271–278

1 3

questionnaires for the analysis of musculoskeletal symptoms. 
Appl Ergon 18(3):233–237

Larsson B, Sogaard K, Rosendal L (2007) Work related neck-shoul-
der pain: a review on magnitude, risk factors, biochemical char-
acteristics, clinical picture and preventive interventions. Best 
Pract Res Clin Rheumatol 21(3):447–463

Leijon M, Hensing G, Alexanderson K (2004) Sickness absence due 
to musculoskeletal diagnoses: association with occupational 
gender segregation. Scand J Public Health 32(2):94–101

Lindegard A, Larsman P, Hadzibajramovic E, Ahlborg G Jr (2014) 
The influence of perceived stress and musculoskeletal pain 
on work performance and work ability in Swedish health care 
workers. Int Arch Occup Environ Health 87(4):373–379

Linton SJ (2000) A review of psychological risk factors in back and 
neck pain. Spine (Phila Pa 1976) 25(9):1148–1156

Marklund S, Wänman A (2010) Risk factors associated with incidence 
and persistence of signs and symptoms of temporomandibular 
disorders. Acta Odontol Scand 68(5):289–299

Marklund S, Wiesinger B, Wanman A (2010) Reciprocal influence on 
the incidence of symptoms in trigeminally and spinally innervated 
areas. Eur J Pain 14(4):366–371

Martimo KP, Shiri R, Miranda H, Ketola R, Varonen H, Viikari-
Juntura E (2009) Self-reported productivity loss among workers 
with upper extremity disorders. Scand J Work Environ Health 
35(4):301–308

Miranda H, Kaila-Kangas L, Heliovaara M, Leino-Arjas P, Haukka E, 
Liira J, Viikari-Juntura E (2010) Musculoskeletal pain at multiple 
sites and its effects on work ability in a general working popula-
tion. Occup Environ Med 67(7):449–455

Morse T, Bruneau H, Dussetschleger J (2010) Musculoskeletal dis-
orders of the neck and shoulder in the dental professions. Work 
35(4):419–429

Nevalainen N, Lahdesmaki R, Maki P, Ek E, Taanila A, Pesonen P, 
Sipila K (2017) Association of stress and depression with chronic 
facial pain: a case–control study based on the Northern Finland 
1966 Birth Cohort. Cranio 35(3):187–191

Pejcic N, Petrovic V, Markovic D, Milicic B, Dimitrijevic II, Peru-
novic N, Cakic S (2017) Assessment of risk factors and preventive 
measures and their relations to work-related musculoskeletal pain 
among dentists. Work 57(4):573–593

Phongamwong C, Deema H (2015) The impact of multi-site musculo-
skeletal pain on work ability among health care providers. J Occup 
Med Toxicol 10:21

Sakzewski L, Naser-ud-Din S (2014) Work-related musculoskeletal 
disorders in dentists and orthodontists: a review of the literature. 
Work 48(1):37–45

Sakzewski L, Naser-ud-Din S (2015) Work-related musculoskeletal 
disorders in Australian dentists and orthodontists: risk assessment 
and prevention. Work 52(3):559–579

Sipila K, Ylostalo PV, Ek E, Raustia AM (2008) Association of stress 
level with facial pain: the role of coping. Cranio 26(3):216–221

Solidaki E, Chatzi L, Bitsios P, Coggon D, Palmer KT, Kogevinas M 
(2013) Risk factors for new onset and persistence of multi-site 
musculoskeletal pain in a longitudinal study of workers in Crete. 
Occup Environ Med 70(1):29–34

Svedmark Å, Björklund M, Häger CK, Sommar J, Wahlström J (2018) 
Impact of workplace exposure and stress on neck pain and dis-
abilities in women—a longitudinal follow-up after a rehabilitation 
intervention. Ann Work Exposures Health 62:591–603

Taib MFM, Bahn S, Yun MH, Taib MSM (2017) The effects of physi-
cal and psychosocial factors and ergonomic conditions on the 
prevalence of musculoskeletal disorders among dentists in Malay-
sia. Work 57(2):297–308

Thornton LJ, Barr AE, Stuart-Buttle C, Gaughan JP, Wilson ER, Jack-
son AD, Wyszynski TC, Smarkola C (2008) Perceived muscu-
loskeletal symptoms among dental students in the clinic work 
environment. Ergonomics 51(4):573–586

van den Berg TI, Elders LA, de Zwart BC, Burdorf A (2009) The 
effects of work-related and individual factors on the Work Ability 
Index: a systematic review. Occup Environ Med 66(4):211–220

Von Korff M, Ormel J, Keefe FJ, Dworkin SF (1992) Grading the 
severity of chronic pain. Pain 50(2):133–149

Von Korff M, Crane P, Lane M, Miglioretti DL, Simon G, Saunders 
K, Stang P, Brandenburg N, Kessler R (2005) Chronic spinal pain 
and physical-mental comorbidity in the United States: results from 
the national comorbidity survey replication. Pain 113(3):331–339

Wiesinger B, Malker H, Englund E, Wänman A (2007) Back pain in 
relation to musculoskeletal disorders in the jaw-face: a matched 
case–control study. Pain 131(3):311–319

Wiesinger B, Malker H, Englund E, Wänman A (2009) Does a dose-
response relation exist between spinal pain and temporomandibu-
lar disorders? BMC Musculoskelet Disord 10:28

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Work ability and productivity among dentists: associations with musculoskeletal pain, stress, and sleep
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Subjects and methods
	Study population
	Ethical considerations
	Questionnaire
	Analysis
	Statistics
	Quality control and assurance

	Results
	Population characteristics
	Musculoskeletal symptoms
	Work productivity in terms of work quality and quantity in regression models

	Discussion
	Conclusion
	Acknowledgements 
	References




