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Abstract

Background

Dental professionals are subjected to higher risks for musculoskeletal disorders (MSDs)
than other professional groups, especially the hand region. This study aims to investigate
the prevalence of hand complaints among dentists (Ds) and dental assistants (DAs) and
examines applied therapies.

Methods

For this purpose, an online questionnaire analysed 389 Ds (240female/149male) and 406
DAs (401female/smale) working in Germany. The self-reported data of the two occupational
groups were compared with regard to the topics examined. The questionnaire was based on
the Nordic Questionnaire (self-reported lifetime, 12-month and 7-day MSDs prevalence of
the hand, the conducted therapy and its success), additional occupational and sociodemo-
graphic questions as well as questions about specific medical conditions.

Results

30.8% of Ds affirmed MSDs in the hand at any time in their lives, 20.3% in the last twelve
months and 9.5% in the last seven days. Among DAs, 42.6% reported a prevalence of
MSDs in the hand at any time in their lives, 31.8% in the last 12 months and 15.3% in the
last seven days. 37.5% of the Ds and 28.3% of the DAs stated that they had certain treat-
ments. For both, Ds and DAs, physiotherapy was the most frequently chosen form of ther-
apy. 89.7% of Ds and 63.3% of DAs who received therapy reported an improvement of
MSDs.
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Conclusion

Although the prevalence of MSDs on the hand is higher among DAs than among Ds, the
use of therapeutic options and the success of therapy is lower for DAs compared to Ds.

Introduction

The work of dentists (Ds) and dental assistants (DAs) involves several occupational health risk
factors that are higher in comparison to other occupational groups [1]. Such risk factors
include instrument vibration, poor lighting conditions, poor positioning of the dental profes-
sionals when working on the patients or poor positioning of the patients [2-4]. The impact on
the musculoskeletal system in dentistry is high, the upper extremity being especially very vul-
nerable [4-9]. Lietz et al. [10] reviewed the prevalence of muscular-skeletal disorders (MSDs)
among dental professionals in different countries. In addition to neck, shoulder or upper and
lower back problems, hand problems also occur [6, 11-17]. In fact, after the shoulders, the
hands in the upper extremities are the next most frequently affected body part [10]. The
12-month prevalence of MSDs in the hand varies between 25.0% and 49.7% [4, 9, 11-13, 18—
20]. Other international studies report hand complaints ranging from 8.4% to 66.7% [8, 14, 15,
21-24]. Other research showed that 19.2% to 50.0% of dental students develop MSDs on the
hand during their studies [25, 26].

The characteristics of the dental instruments (weight, shape, size, structure) can influence
the development of pathologies of the hand [27]. In particular, the vibrations emitted by some
instruments are risk factors [28]. Apart from the practical work on the patients, dental profes-
sionals are required to complete administrative work at the desk. Adopting awkward postures
and specific computer movements while operating the computer can lead to MSDs in the
regions of the hand [29].

The potential consequences of MSDs can be persistent for the affected person and have a
high probability of developing into a chronic condition [1]; this is especially the case for hand
complaints which have a higher risk of chronicity [30]. Rafie et al. [6] reported that, as a result
of MSDs in general, about 15.0% of Ds have had to leave their hospital positions or reduce
their working hours. Longer absences and early retirement may also result from MSDs [3, 12,
31, 32]. Gupta et al. [33] concluded that the occurrence of MSDs (29.5%) is the most frequent
cause of the early retirement of Ds. Besides MSDs, there are clinical pictures at the upper
extremities that are increasingly appearing among dental staff [27]; these include, for example,
arthritis at 5.0% and tendinitis at 8.7%, which are more frequent in comparison to other occu-
pational groups studied (e.g. doctors and lawyers) [34]. In addition, the prevalence of osteoar-
thritis in the fingers (48.0%) [35] and carpal tunnel syndrome (ranging from 9.0% to 30.5%)
[18, 22, 36] have also been reported.

Therapeutic measures to reduce the severity of MSDs include various sports activities
(physiotherapy, weight training, stretching, acupuncture or yoga) [13, 16, 37, 38] and conven-
tional therapies (drug-based pain therapy, surgery or alternative therapy concepts) [39]. The
American Dental Association (ADA), for example, reports a proportion of approximately
20.0% of Ds with MSDs in the upper extremities who have undergone surgery [40]. Moreover,
the tasks or work areas should be changed regularly and breaks should be scheduled to combat
the strain on the musculoskeletal system [7, 13, 14]. With regard to relational measures, several
ergonomic studies at the dental workplace confirm that an improvement in ergonomics (e.g.
with regard to instruments, the practitioner’s as well as the patient’s chair and the arrangement
of the working environment) leads to a decrease in MSDs [37, 41-44].
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Although the prevalence of MSDs in the hand area is high worldwide and hands undoubt-
edly play an important role in the work of dental professionals, there are no current studies on
the prevalence of MSDs in the hand, particularly in Germany. Therefore, the aim of the present
analysis is to collect current numbers on the prevalence of MSDs among dental professionals
and dental assistants in Germany and to detect possible similarities or differences. On the other
hand, the different therapeutic approaches used by affected Ds and DAs will be presented; it will
be analysed as to what extent therapies are actually applied and what type of therapies are used.

Material and methods

The observational study was designed as a cross-sectional study. The data were collected
between May 2018 and May 2019 anonymously with an online questionnaire distributed via
the SoSci Survey platform [45].

Subjects

A total of 2548 persons followed the link to the anonymous online questionnaire, of which,
795 completed the questionnaire and were included for analysis. Of the 795 individuals, 389
were Ds (240female/149male) and 406 were DAs (401female/5male). 79.3% of the DAs were
already in employment while 20.7% were in training. The age of the participating Ds was
between 19 and 75 years, with a median age of 39.5 years (1st quartile 31.0 years and 3rd quar-
tile 53.0 years), whilst for the DAs, the age ranged between 18 and 68 years, with a median age
of 28.0 years (1st quartile 23.0 years and 3rd quartile 38.0 years).

The inclusion criteria were the following: a job or apprentice position in Germany and the
membership of a professional DA society or an apprentice DA contract and a minimum age of
18 years. Exclusion criteria were participants who were not classified as DAs according to the
official definition of the society (e.g. dental hygienists). Furthermore, dental students were
excluded from the evaluation due to their partial lack of practical experience; this is in contrast
to DAs in training, who have a permanent position in a dental practice from the very start of
their training. In addition, respondents with missing important information (e.g. gender) and
incomplete questionnaires were excluded.

All participants worked in the following disciplines: general dentistry, oral surgery/maxillo-
facial surgery, endodontology, orthodontics, prosthetics, pediatric dentistry and
periodontology.

All data collected in the questionnaire is self-reported by the Ds respectively by the DAs.
The diagnoses of the medical conditions are based on self-reports as well. We have not col-
lected other medical data.

At the beginning of the online survey, a declaration of informed consent had to be accepted.
The study was approved by the local medical ethics committee of the medical faculty (Goethe
University Frankfurt; No. 356/17).

Questionnaire

The questionnaire consisted of questions from three areas. Firstly, the questionnaire contained
variables from the Nordic Questionnaire [46, 47]. These included questions on the 7-day prev-
alence, 12-month prevalence and lifetime prevalence of hand pain. In addition, questions were
asked about any therapy conducted and its success. Secondly, socio-demographic questions
(gender, age, education in Germany, size, body weight, body height and handedness), job-
related questions (professional group, specialisation, professional experience in years, average
total working time per week in hours, average treatment time per week in hours, average
administrative time per week in hours, change of job, federate state of dental office and

PLOS ONE | https://doi.org/10.1371/journal.pone.0241564 November 6, 2020 3/15


https://doi.org/10.1371/journal.pone.0241564

PLOS ONE Prevalence of musculoskeletal disorders of the hand and associated conducted therapy approaches in dentistry

practice type) and questions about physical activity based on the questionnaire by Meyer et al.
[48] were collected. Thirdly, questions about specific medical conditions of the hands, which
are frequently associated with dental professionals, were presented.

The Nordic Questionnaire, according to Kuorinka et al. [47], has been validated and is used
worldwide for various studies to investigate self-reported MSDs in different fields of work. The
complaints are queried using 28 multiple-choice questions covering the nine body regions of
the neck, shoulder, elbow, wrist, thoracic spine, lumbar spine, hip, knee and ankle. The 7-day
prevalence and the 12-month prevalence are asked in each case. Furthermore, the Nordic
Questionnaire asks about the lifetime prevalence of MSDs, professional and private conse-
quences of MSDs, the duration of the problems, possible accidents and therapies used in the
three areas of the neck, shoulder and lower back.

Meyer et al. [48] investigated dentists in Germany in their questionnaire regarding job-
related complaints. In addition to stress factors and occupational dermatoses, spinal column
strains were examined. Sociodemographic (gender, age, education in Germany, body height,
body weight and handedness), occupational (professional group, specialisation, professional
experience in years, average total working time per week in hours, average treatment time per
week in hours, average administrative time per week in hours, change of job, federate state of
dental office and practice type) and other job-related data were collected.

Furthermore, the questionnaire of the present study consisted of questions on specific med-
ical conditions that typically occur in dental professionals at the upper extremities; these
include rheumatism, arthrosis, carpal and cubital tunnel syndromes and tendovaginitis [35,
49-54].

For a pretest, the questionnaire was subjected to 13 individuals within the target group.
Subsequently, after a re-evaluation, adjustments were made to provide a better understanding
and to ensure functionality.

Recruitment

The participants were approached via different recruitment strategies. The study was distributed
via several German social networks used by Ds, DAs and DAs in training. Furthermore, the
study was shared with dental professionals and their internal networks with information distrib-
uted through the dental chambers nationwide, while flyers were sent to vocational schools of
DAs in the state of Hessen. Moreover, the project was made public at the German Dentists’ Day
in Frankfurt am Main (Germany) on 9.-11.10.2018 and at the International Dental Show (IDS)
in Cologne (Germany) on 15.-16.3.2019 (which are both considered as the largest events for Ds
and DAs in Germany). The study was also presented via articles in the specialist journal "Die
Zahnarzt Woche (DZW)" and the journal "Zahnérztliche Mitteilungen (ZM)".

Data editing and analysis

After collecting the data via SoSci Survey [45], it was exported to "Microsoft Excel 16.5 [55]" to
process the information and to encode open variables. Improvements were made regarding
the logic of the answers. Some specialisations were grouped under "others" and, if frequently
reported, new groups were created, e.g. prosthetics, paediatric dentistry and periodontology,
as well as dental hygiene. Therapies that did not fit into the physiotherapy, medicine and sur-
gery groups were added to the category “others”. Therapy concepts of physiotherapy were also
divided into different subcategories. In addition, obvious errors in body weight or height etc.,
were corrected. Uncorrectable answers were removed from the evaluation.

The data was transferred to IBM Statistics SPSS 26 [56] in order to perform the descriptive
analysis. The median and interquartile distances were calculated for all non-normally
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distributed metric data. The non-normal distribution was evaluated using the Kolmogorov-
Smirnov test. Furthermore, to test the data for differences, the Chi-square test was used for the
nominal data and the Wilcoxon-Mann-Whitney test for the quantitative data. Significant rela-
tionships were marked with an asterisk in the corresponding tables and figures in the "Results"
section.

Results
Individual information of the study population

Table 1 shows the self-reported demographic data of the respondents, divided into Ds and
DAs. Significant differences (p = 0.01) were found for age, body weight, BMI and height. The
differences between the DAs and Ds in physical activity and muscle training were significant
(p=0.01).

Workplace related data of the study population

Among other self-reported things, the specializations of the Ds or of the practices in which the
DAs were active were examined. With 75.8% of the Ds and 58.6% of the DAs, the participants
were most frequently employed in a general dental practice. In addition, 12.1% of the Ds and
8.6% of the DAs were employed in an orthodontist practice, 4.1% of the Ds and 10.1% of the

Table 1. Individual data of the study population-Ds and DAs.

Ds DAs
Sex n (%)
Female 240 (61.7) 401 (98.8)
Male 149 (38.3) 5(1.2)
Age (Years)*
% (150) 39.5 (22.0) 28 (15.0)
Body height (cm)*
% (150) 172 (12.3) 166 (8.0)
Body weight (kg)*
X (150) 70 (24) 66 (18)
BMI (kg/m?)*
% (150) 23.0 (5.2) 239 (5.8)
Handedness n (%)
Right 363 (93.9) 377 (92.9)
Left 25 (6.4) 29(7.1)
Physical activity n (%)

Yes 323 (83.0) 245 (60.3)
Cardio training 217 (55.8) 132 (32.5)
Strength training 55 (14.1) 48 (11.8)
Mobility training 50 (12.9) 35 (8.6)
Ball sports 54 (13.9) 14 (3.4)
Other training 189 (48.6) 121 (29.8)

Muscle training
Yes 186 (47.8) 125 (30.8)

In addition to the number (n) and percentage (%), the median (x) and the interquartile distance (I50) are shown.
Significant differences (Chi-square test or Wilcoxon-Mann-Whitney test) are marked with an asterisk (* at p = 0.01,
 atp=0.02,""* at p = 0.03).

https://doi.org/10.1371/journal.pone.0241564.t001
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DAs in an oral surgeon/oral and maxillofacial surgeon practice and 3.1% of the Ds and 5.4% of
the DAs in an endodontist practice. Other practices accounted for 4.6% of the Ds and 16.7% of
the DAs, including dental hygiene/dental prophylaxis, prosthetics, pedodontology and
periodontology.

Among the Ds, 49.9% were either an owner or shared owner of the practice, 30.1% worked
as an employed dentist in a practice and 14.1% as an assistant dentist in a practice, while 5.7%
worked as a dentist at a university hospital and 1.0% as a dentist at a general hospital.

It was determined that most Ds (46.3%) worked in a solo dental practice, while 38.0%
worked in a joint practice and 10.3% in a shared practice.

Table 2 shows information on the distribution of a dental professional’s working time. Sig-
nificant differences (p = 0.01) were found between the working hours and the profession.

MSDs prevalence

Fig 1 describes the prevalence of the self-reported MSDs in the hand or wrist area of the Ds
and DAs in Germany for comparison. The study examined lifetime, 12-months and 7-day
prevalences in relation to the occurrence in total, on both hands, on the right hand or on the
left hand.

In terms of overall occurrences 30.8% (n = 120) of Ds affirmed MSDs in the hand at any
time in their lives, 20.3% in the last twelve months and 9.5% in the last seven days. Among the
DAs, 42.6% (n = 173) reported a prevalence of MSDs in the hand at any time in their lives,
31.8% in the last 12 months and 15.3% in the last seven days.

The following significant differences were calculated between the occupational groups of
Ds and DAs: total lifetime prevalence (p = 0.01), lifetime prevalence in both hands (p = 0.01),
total 12-month prevalence (p = 0.01), 12-month prevalence in right hand (p = 0.03), 12-month
prevalence in both hands (p = 0.01), total 7-day prevalence (p = 0.02) and 7-day prevalence in
both hands (p = 0.01).

In this study female Ds were more likely to report symptoms than male Ds in all three prev-
alences surveyed: lifetime prevalence 37.1% and 20.8%, 12-month prevalence 23.1% and
18.0%, and 7-day prevalence 10.3% and 9.4%. The Chi-square test was used to investigate

Table 2. Work and profession related data of the study population in n (%)-Ds and DAs.

Ds DAs

Ergonomic content during studies or training

Yes 38 (9.8) 27 (6.7)

No 62 (15.9) 35 (8.6)
Average total working time per week in hours*

x (150) 40 (10.0) 38.5 (8.0)

Not reported in n (%) 26 (6.7) 28 (6.9)
Average treatment time per week in hours*

x (150) 33(7.0) 30 (15.0)

Not reported in n (%) 26 (6.7) 35 (8.6)
Average administrative time per week in hours*

X (150) 6 (6.0) 4(7.0)

Not reported in n (%) 26 (6.7) 39 (9.6)

In addition to the number (n) and percentage (%), the median (%) and the interquartile distance (I50) are shown.
Significant differences (Chi-square test or Wilcoxon-Mann-Whitney test) are marked with an asterisk (* at p = 0.01,
“*atp=0.02,""* at p =0.03).

https://doi.org/10.1371/journal.pone.0241564.t1002
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Fig 1. Prevalence of MSDs in the region of the hand/wrist among Ds and DAs in %. Ds are coloured in blue, DAs in grey. Significant
differences (Chi-Quadrat-Test or Wilcoxon-Mann-Whitney-Test) are marked with an asterisk (* at p = 0.01, ** at p = 0.02, *** at p = 0.03).

https://doi.org/10.1371/journal.pone.0241564.9001

prevalence differences between female and male Ds; since 98.8% of DAs were female, only Ds
were included in this test. The total lifetime prevalence of MSDs (p = 0.01) and the lifetime
prevalence of MSDs in the right hand (p = 0.01) were found to be significantly different
between female and male Ds.

The prevalence of specific medical conditions

The self-reported prevalence of specific medical conditions for Ds and DAs in Germany is
described in Table 3. In both the Ds and DAs occupational groups, the clinical pictures reveal
arthrosis (5.1% and 6.4%, respectively) and tendovaginitis (8.0% and 11.3%, respectively) to be
the most common medical conditions. However, a significant difference could only be demon-
strated for rheumatism (p = 0.02).

For all specific medical conditions, the complaints occurred only, or predominantly, after
the start of entering the dental profession.

Only for the clinical picture rheumatism a significant difference could be tested (p = 0.02).

Therapies

Table 4 describes the self-reported use of therapy and, if used which therapy concepts have
been applied by the study participants. 37.5% of the Ds and 28.3% of the DAs stated that they
had been treated for MSDs. For both Ds (20.0%) and DAs (28.3%), physiotherapy was the
most frequently chosen form of therapy. The selection of the different concepts of physiother-
apy is described in more detail in Fig 2. 89.7% of Ds and 63.3% of DAs who received therapy
reported an improvement.

Significant differences (p = 0.03) were found in the other therapies and in the success of
therapy.

Fig 2 shows the different concepts of physiotherapy performed on Ds and DAs due to
MSDs of the hand. Manual therapy was the most commonly used technique by the Ds (28%),
whilst massage was more commonly used by the DAs (8%).

Discussion

For both Ds and DAs, a prevalence of self-reported hand complaints could be described: total
lifetime prevalence of 30.8% for Ds and 42.6% for DAs; a total 12-month prevalence of 20.3%
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Table 3. Prevalence of specific medical conditions among Ds and DAs in Germany.

Occurrence n (%) | Occurrence before start of professionn | Occurrence after start of professionn | Qccurrence after x years X

(%) (%) (150)

Rheumatism**

Ds 3(0.8) 1(0.3) 2(0.5) 19 (0.0)

DAs 12 (3.0) 2(0.5) 7 (1.7) 15 (20.0)
Arthrosis

Ds 20 (5.1) 3(0.8) 14 (3.6) 17 (13.0)

DAs 26 (6.4) 1(0.2) 20. (4.9) 18 (13.0)
Carpal tunnel syndrome

Ds 14 (3.6) 3(0.8) 9(2.3) 15 (10.0)

DAs 12 (3.0) . 8 (2.0) 7 (16.0)
Tendovaginitis

Ds 31 (8.0) 8 (2.1) 20 (5.1) 10 (14.8)

DAs 46 (11.3) 8 (2.0) 24 (5.9) 4(7.0)
Flexor tendovaginitis

Ds 3(0.8) - 1(0.3) 19 (0.0)

DAs 6(1.5) 1(0.2) 3(0.7) 14.5 (19.0)
Cubital Tunnel
Syndrome

Ds - - - -

DAs 1(0.2) - 1(0.2) -

Significant differences (Chi-Quadrat-Test or Wilcoxon-Mann-Whitney-Test) are marked with an asterisk (* at p = 0.01,** at p = 0.02, *** at p = 0.03).

https://doi.org/10.1371/journal.pone.0241564.t1003

for Ds and 31.8% for DAs and total 7-day prevalence of 9.5% for Ds and 15.3% for DAs. The
results showed that all prevalences of the DAs were significantly higher than those of the Ds
(lifetime prevalence: p = 0.01, 12-month prevalence p = 0.01, 7-day prevalence: p = 0.02).

This occupational difference may be due to the different gender distribution between the
groups; 98.8% of the DAs versus 61.7% of the Ds were female (Table 1). These numbers corre-
spond to the typical gender distribution of the respective occupational group in Germany [57].
Other studies have shown that women have an increased perception of pain and sensitivity to
pain [58] and women also more readily report pain than men [59]. In the present study, a sig-
nificant difference was found between the female and male Ds with the total lifetime preva-
lence (p = 0.01) as well as the lifetime prevalence of the right hand (p = 0.01) (the test for
differences was not performed for the DAs due to the high proportion of women (98.8%)).
Another potential cause for the higher prevalences of MSDs in the DAs may be due to the sub-
ordination or adjustment of DAs in their assistance work to the habits, preferences and consti-
tutional conditions of the Ds. This observation was confirmed by several lecturers of different
departments and centers for dentistry, oral and maxillofacial medicine, where the education of
students of dentistry in Germany is carried out. This includes, for example, the height adjust-
ment of the chair, the arrangement of the instruments or of the patient. Since men are, on
average, taller than women (Table 1), there may be different preferred height positions in the
working environment between the Ds and DAs (due to the higher proportion of women in the
DAs (Table 1)). This may cause the DAs to work in an inappropriate position for them. Future
ergonomic studies should investigate this possibility.

Since the occurrence of MSDs is not only caused by poor ergonomic settings, but has multi-
factorial influences, individual factors must also be taken into account. Physical activity is
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Table 4. Therapy of hand MSDs of Ds and DAs in Germany.

Ds n (%) DAs n (%)
No therapy 75 (62.5) 124 (71.7)
Therapy
Total 45 (37.5) 49 (28.3)
Physiotherapy 24 (20.0) 26 (15.0)
Medicine 15 (12.5) 23 (13.3)
Operation 5(4.2) 7 (4.0)
Others*** 25 (20.8) 17 (9.8)
Success of therapy (related to those who have had therapy n = 45 or 49)***
Aggravation 1(0.3) 1(2.0)
No impact 2(0.5) 17 (34.7)
Improvement 44 (11.3) 31 (63.3)
Others 25 (20.8) 17 (9.8)
Acupuncture 2(1.7) 2(1.2)
Chiropractic 2(1.7) 0 (0.0)
Osteopathy 4(3.3) 3(1.7)
Ergotherapy 5(4.2) 1(0.6)
Physical treatments 2(1.7) 0 (0.0)
Bandages/Tapes/Ortheses/Inlays 6 (5.0) 11 (6.4)
Physical exercise 6 (5.0) 1(0.6)
Immobilisation 2(1.7) 1(0.6)

Physical exercise included sports, training, stretching, Yoga, Pilates and relaxation. Physical treatments included heat,
cold and electric applications.

Significant differences (Chi-Quadrat-Test or Wilcoxon-Mann-Whitney-Test) are marked with an asterisk (* bei
p=0.01,"* bei p=0.02,"** bei p = 0.03).

https://doi.org/10.1371/journal.pone.0241564.t1004

generally considered a preventive factor of MSDs [60]. Since the DAs were found to engage in
significantly less physical activity than Ds (p = 0.01: Ds 83.0%, DAs 60.3%), this is, therefore,
also considered to be another factor that could lead to poorer prevention of MSDs. In addition,
muscle training was performed significantly less by the DAs compared to the Ds (p = 0.01: Ds
47.8%, DAs 30.8%). Besides the physical factors, the individual psychosocial environment
could influence and vary the presence of MSDs among dental professionals [61]. This is a haz-
ard that has not been analysed in the present study but which could be a starting point for fur-
ther research.

Both the Ds and the DAs in the present study had a higher prevalence of MSDs in the right
hand than in the left (Fig 1). This may be due to the fact that 93.9% of the Ds and 92.9% of the
DAs were right-handed (Table 1). Therefore, the right hand can be assumed to be the domi-
nant working hand.

A significant difference in the working hours (the average total working time, the average
treatment time and the average administrative time) between the occupational groups was not
found (Table 2) and so does not provide a plausible explanation for the different prevalences
of MSDs in the Ds and DAs.

Beyond the prevalence of MSDs, the present study examined those therapies which were
conducted to treat MSDs. A significant difference between the Ds and DAs was found only in
"Other therapies” but, nevertheless, other trends were evident. 37.5% of the Ds suffering from
MSDs stated that they had undergone therapy; physiotherapy was the most frequently men-
tioned type of therapy (20.0%). Although DAs have a higher prevalence of MSDs (28.3%) they

PLOS ONE | https://doi.org/10.1371/journal.pone.0241564 November 6, 2020 9/15


https://doi.org/10.1371/journal.pone.0241564.t004
https://doi.org/10.1371/journal.pone.0241564

PLOS ONE

Prevalence of musculoskeletal disorders of the hand and associated conducted therapy approaches in dentistry

12%

10%

4%

2%

0%

I I I I I I .

Massage Tape Medical gymnastics  Electrotherapeutics, Physical exercise Others ‘Warmth therapy
medical ultrasound

Fig 2. Different concepts of physiotherapy used for the therapy of hand MSDs. Ds are coloured in blue, Ds in grey. Splints and insoles are
included under "Tape", TENS is included under "Electrotherapeutics and medical ultrasound" and sport is included under "Physical exercise.

https://doi.org/10.1371/journal.pone.0241564.9002

reported as having had therapy less often than Ds; physiotherapy was also the most commonly
reported therapy for DAs (15.0%).

Although no significant difference was found out, there is a trend that less training, in ergo-
nomic working, or its concepts, are taught in the training of DAs than in dental studies (in the
present study this was found to be 6.7% versus 9.8%). Thus, therapy concepts may be less
known and less frequently conducted by DAs.

Moreover, there are two different health insurance systems in Germany. Employees (such
as DAs) are usually covered by public health insurance, whereas the self-employed (such as
dentists with their own practices) and employees with a high income can take out private
insurance. Certain therapeutic concepts may not be covered by the statutory health insurance
and so may not be affordable for DAs on their own having a lower salary compared to the Ds.

This could also be a reason why the therapies performed were significantly more successful
among Ds than DAs (p = 0.01). With 63.3% of the respondents indicating an improvement
through therapy, the success of the therapies was less clear for the DAs than for the Ds who
enjoyed a success rate of about 99%. The reason could be that DAs have to terminate the ther-
apy, which is not covered by health insurance, due to economic reasons. Since it is important,
particularly in the case of preventive measures, to schedule the therapy sessions regularly and
on a long-term basis [48], this could be a reason for the lower success rate in DAs. Further-
more, the therapies undertaken may not fully address the problems of the DAs; DAs have dif-
ferent strains on their hands than the Ds and, therefore, may need different preventive and
therapeutic support.

Compared to many other studies [4, 8, 11-13, 18, 19], the lifetime and the 12-month preva-
lence of hand MSDs in Ds and DAs in the current study is lower. Advanced investigations and
possibly, the implementation of ergonomic conditions in dentistry in recent years, may con-
tribute to these differences [44]. Besides, most of the studies, including the present study, have
adopted the Nordic Questionnaire [4, 11-13, 18, 19]. However, the composition of the ques-
tionnaire in this study, including additional questions not taken from the Nordic Question-
naire, differs from the composition of other studies; this may have led to the differing results.
Another reason may be the heterogeneity of the dental professionals interviewed with regard
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to pre-existing physical conditions, specialization of the dental practice and other individual
influencing factors.

It seems difficult to compare the present data with the prevalence of general musculoskele-
tal disorders at the hand with the general population in Germany, as there is hardly any cur-
rent broad data on this topic. In a study from 1998 [62] it was investigated that between 7.0%
and 21.0% of the general population in England had hand complaints. Compared to the pres-
ent study, DAs and Ds have approximately from 50% up to 100% higher prevalence rates.

Some limitations of this study have been identified. The investigated group is merely a ran-
dom sample of the population [63]. Furthermore, the fact that people suffering from MSDs are
more interested in participating in the questionnaire than people without symptoms, can lead
to a biased prevalence and to a limitation of the external validity of the study. Furthermore,
questions that reach far into the past could be answered more inaccurately and unreliably. In
addition, the individual statements of the complaints were not checked for a true diagnosis.
Individual differences in the study population in terms of psyche and current condition [64],
or in terms of body height, body weight, physical condition and diseases, may have an impact
on the occurrence and perception of MSDs. Furthermore, online questionnaires have a lower
response rate than paper-based questionnaires [65, 66], thus, younger people may feel more
familiar with the medium of an online questionnaire than older people; indeed, this may be
the reason for the younger sample (Table 1) present in this study.

Opverall, the prevalence of MSDs indicates that more research should be undertaken into
the mechanism of development, prevention and therapy of MSDs. This should be regularly
taught and put into practice, both in training or studies and in later stages of the career [67].
The existing prevalence of MSDs in the hand area among Ds and DAs and the simultaneously
relatively low therapy perception (especially among DAs), show that there is a need for future
research in the field of therapies. In order to maintain or increase the success of therapies, it
would be interesting to conduct further studies that analyse the success or failure of individual
therapies and their contents, as well as to investigate the respondents’ reasons for, or against,
carrying out a therapy. For example, a therapy including medication for a complaint could be
examined more closely with regard to the medication compliance. For a better understanding
of the higher prevalence of MSDs in the hands of DAs compared to Ds, future research could
also investigate the ergonomic risks of DAs in Germany during their work, using ergonomic
risk assessment tools. Recent findings indicated that a combination of ergonomic risk assess-
ment tools and motion capture could be a promising measure to quantify the ergonomic risk
in occupational settings [68].

Conclusion

MSDs of the hand are frequent complaints of Ds and DAs in Germany whereby the self-
reported lifetime prevalence of MSDs at the hand is higher among DAs (42.6%) than among
Ds (30.8%). Among the respondents with hand complaints, 37.5% of Ds and 28.3% of DAs
reported having undergone therapy. The most frequently applied, self-reported therapy was
physiotherapy. In summary, the prevalence of MSDs on the hand is still present in Ds and
DAs, although the problem has been described for some time. At the same time, the perception
of the therapies appears low compared to the prevalence numbers especially among DAs.
Although the prevalence of MSDs was higher among DAs compared to Ds, both the imple-
mentation of a therapy and the success of a therapy is higher in Ds than in DAs. Consequently,
there is a need for further research and attention regarding the prevalence as well as the possi-
ble therapies of MSDs at the hands.

PLOS ONE | https://doi.org/10.1371/journal.pone.0241564 November 6, 2020 11/15


https://doi.org/10.1371/journal.pone.0241564

PLOS ONE Prevalence of musculoskeletal disorders of the hand and associated conducted therapy approaches in dentistry

Supporting information

S1 Table. Prevalence of MSDs in the region of the hand/wrist among Ds and DAs.
(DOCX)

S2 Table. Therapy of hand MSDs-physiotherapy.
(DOCX)

Acknowledgments

The authors thank the “Deutschen Zahnirztekammern” for the promotion and dissemination
of the study. Furthermore, we thank Jerome Rotgans for the many ideas, support and contacts.
Also, the authors thank the journal "Die Zahnarzt Woche" and the journal "Zahnirztliche Mit-
teilungen"” for publishing our survey. This article contains parts of the doctoral thesis of Mrs.
Y. Haas.

Author Contributions

Conceptualization: Yvonne Haas, Antonia Naser, Jasmin Haenel, Christina Erbe, Werner
Betz, David A. Groneberg, Daniela Ohlendorf.

Formal analysis: Antonia Naser, Jasmin Haenel, Daniela Ohlendorf.

Investigation: Yvonne Haas, Antonia Naser, Jasmin Haenel, Laura Fraeulin, Fabian Holz-
greve, Christina Erbe, Werner Betz.

Methodology: Yvonne Haas, Antonia Naser, Jasmin Haenel, Laura Fraeulin, Fabian Holz-
greve, Eileen M. Wanke, Doerthe Brueggmann, Albert Nienhaus, Daniela Ohlendorf.

Project administration: Yvonne Haas, David A. Groneberg, Daniela Ohlendorf.
Software: Yvonne Haas, Antonia Naser, Jasmin Haenel.

Supervision: Daniela Ohlendorf.

Validation: Yvonne Haas, Antonia Naser, Jasmin Haenel, Daniela Ohlendorf.

Writing - original draft: Yvonne Haas, Antonia Naser, Jasmin Haenel, Laura Fraeulin, Fabian
Holzgreve, Daniela Ohlendorf.

Writing - review & editing: Christina Erbe, Werner Betz, Eileen M. Wanke, Doerthe Bruegg-
mann, Albert Nienhaus.

References

1. Puriene A, Aleksejuniene J, Petrauskiene J, Balciuniene |, Janulyte V. Self-reported occupational health
issues among Lithuanian dentists. Ind Health. 2008; 46(4):369-74. https://doi.org/10.2486/indhealth.
46.369 PMID: 18716385

2. Gupta A, Ankola AV, Hebbal M. Dental ergonomics to combat musculoskeletal disorders: a review. Int J
Occup Saf Ergon. 2013; 19(4):561-71. https://doi.org/10.1080/10803548.2013.11077005 PMID:
24321635

3. Morse T, Bruneau H, Dussetschleger J. Musculoskeletal disorders of the neck and shoulder in the den-
tal professions. Work (Reading, Mass). 2010; 35(4):419-29.

4. FengB,Liang Q, WangY, Andersen LL, Szeto G. Prevalence of work-related musculoskeletal symp-
toms of the neck and upper extremity among dentists in China. BMJ Open. 2014; 4(12):e006451.
https://doi.org/10.1136/bmjopen-2014-006451 PMID: 25526795

5. Chowanadisai S, Kukiattrakoon B, Yapong B, Kedjarune U, Leggat P. Occupational health problems of
dentists in Southern Thailand. International dental journal. 2000; 50:36—40. https://doi.org/10.1111/.
1875-595x.2000.tb00544.x PMID: 10945178

PLOS ONE | https://doi.org/10.1371/journal.pone.0241564 November 6, 2020 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0241564.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0241564.s002
https://doi.org/10.2486/indhealth.46.369
https://doi.org/10.2486/indhealth.46.369
http://www.ncbi.nlm.nih.gov/pubmed/18716385
https://doi.org/10.1080/10803548.2013.11077005
http://www.ncbi.nlm.nih.gov/pubmed/24321635
https://doi.org/10.1136/bmjopen-2014-006451
http://www.ncbi.nlm.nih.gov/pubmed/25526795
https://doi.org/10.1111/j.1875-595x.2000.tb00544.x
https://doi.org/10.1111/j.1875-595x.2000.tb00544.x
http://www.ncbi.nlm.nih.gov/pubmed/10945178
https://doi.org/10.1371/journal.pone.0241564

PLOS ONE Prevalence of musculoskeletal disorders of the hand and associated conducted therapy approaches in dentistry

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

Rafie F, Zamani Jam A, Shahravan A, Raoof M, Eskandarizadeh A. Prevalence of Upper Extremity
Musculoskeletal Disorders in Dentists: Symptoms and Risk Factors. J Environ Public Health. 2015;
2015:517346. https://doi.org/10.1155/2015/517346 PMID: 26064141

Al-Ali K, Hashim R. Occupational health problems of dentists in the United Arab Emirates. International
dental journal. 2012; 62:52—6. https://doi.org/10.1111/].1875-595X.2011.00091.x PMID: 22251038

Osazuwa-Peters N, Azodo CC, Obuekwe ON. Occupational health issues of oral health care workers in
Edo State, Nigeria. Int Dent J. 2012; 62(3):117-21. https://doi.org/10.1111/j.1875-595X.2011.00101.x
PMID: 22568734

Ohlendorf D, Haas Y, Naser A, Haenel J, Maltry L, Holzgreve F, et al. Prevalence of Muscular Skeletal
Disorders among Qualified Dental Assistants. Int J Environ Res Public Health. 2020; 17(10).

Lietz J, Kozak A, Nienhaus A. Prevalence and occupational risk factors of musculoskeletal diseases
and pain among dental professionals in Western countries: A systematic literature review and meta-
analysis. PLoS One. 2018; 13(12):e0208628—¢. https://doi.org/10.1371/journal.pone.0208628 PMID:
30562387

Prudhvi K, Murthy K. Self-reported musculoskeletal pain among dentists in Visakhapatnam: A 12-
month prevalence study. Indian Journal of Dental Research. 2016; 27(4):348-52. https://doi.org/10.
4103/0970-9290.191880 PMID: 27723628

Botha PJ, Chikte U, Barrie R, Esterhuizen TM. Self-reported musculoskeletal pain among dentists in
South Africa: A 12-month prevalence study. Sadj. 2014; 69(5):208, 10-3. PMID: 26548188

Rafeemanesh E, Jafari Z, Kashani FO, Rahimpour F. A study on job postures and musculoskeletal ill-
nesses in dentists. International Journal of Occupational Medicine and Environmental Health. 2013; 26
(4):615-20. https://doi.org/10.2478/s13382-013-0133-z PMID: 24142742

Kierklo A, Kobus A, Jaworska M, Botulinski B. Work-related musculoskeletal disorders among dentists
—a questionnaire survey. Ann Agric Environ Med. 2011; 18(1):79-84. PMID: 21736272

Barghout N, Al-Habashneh R., Al-Omiri M. Risk Factors and Prevalence of Musculoskeletal Disorders
among Jordanian Dentists. Jordan Medical Journal. 2011; 45(2):195-204.

Harutunian K, Gargallo-Albiol J, Figueiredo R, Gay-Escoda C. Ergonomics and musculoskeletal pain
among postgraduate students and faculty members of the School of Dentistry of the University of Barce-
lona (Spain). A cross-sectional study. Med Oral Patol Oral Cir Bucal. 2011; 16(3):425-9. https://doi.org/
10.4317/medoral.16.e425 PMID: 20711125

Taib MFM, Bahn S, Yun MH, Taib MSM. The effects of physical and psychosocial factors and ergo-
nomic conditions on the prevalence of musculoskeletal disorders among dentists in Malaysia. Work.
2017; 57(2):297-308. https://doi.org/10.3233/WOR-172559 PMID: 28582951

Hodacova L, Sustova Z, Cermakova E, Kapitan M, Smejkalova J. Self-reported risk factors related to
the most frequent musculoskeletal complaints among Czech dentists. Ind Health. 2015; 53(1):48-55.
https://doi.org/10.2486/indhealth.2013-0141 PMID: 25327296

Finsen L, Christensen H, Bakke M. Musculoskeletal disorders among dentists and variation in dental
work. Applied ergonomics. 1998; 29(2):119-25. https://doi.org/10.1016/s0003-6870(97)00017-3 PMID:
9763237

Ayers K, Thomson W, Newton J, Morgaine K, Rich A. Self-reported occupational health of general den-
tal practitioners. Occupational medicine. 2009; 59 3:142-8. https://doi.org/10.1093/occmed/kqp004
PMID: 19223433

Shekhawat KS, Chauhan A, Sakthidevi S, Nimbeni B, Golai S, Stephen L. Work-related musculoskele-
tal pain and its self-reported impact among practicing dentists in Puducherry, India. Indian J Dent Res.
2020; 31(3):354—7. https://doi.org/10.4103/ijdr.IJDR_352_18 PMID: 32769266

Meisha DE, Alshargawi NS, Samarah AA, Al-Ghamdi MY. Prevalence of work-related musculoskeletal
disorders and ergonomic practice among dentists in Jeddah, Saudi Arabia. Clin Cosmet Investig Dent.
2019; 11:171-9. https://doi.org/10.2147/CCIDE.S204433 PMID: 31308760

Revankar VD, Chakravarthy Y, Naveen S, Aarthi G, Mallikarjunan DY, Noon AM. Prevalence of Ocular
Injuries, Conjunctivitis and Musculoskeletal Disorders-Related Issues as Occupational Hazards Among
Dental Practitioners in the City of Salem: A Randomized Cross-Sectional Study. J Pharm Bioallied Sci.

2019; 11(Suppl 2):S335-S7. https://doi.org/10.4103/JPBS.JPBS_25_19 PMID: 31198365

Revankar VD, Chakravarthy Y, Naveen S, Selvan AS, Ganapathy A, Prasad AS. Musculoskeletal Dis-
orders and Mental Health-related Issues as Occupational Hazards among Dental Practitioners in Salem
City: A Cross-sectional Study. J Pharm Bioallied Sci. 2017; 9(Suppl 1):5228-S30. https://doi.org/10.
4103/jpbs.JPBS_145_17 PMID: 29284969

Santucci NM, Jellin J, Davenport TE. Dental and physical therapy faculty collaborate in assessing and
educating dental students on musculoskeletal disorders. J Dent Educ. 2020. https://doi.org/10.1002/
jdd.12387 PMID: 32839992

PLOS ONE | https://doi.org/10.1371/journal.pone.0241564 November 6, 2020 13/15


https://doi.org/10.1155/2015/517346
http://www.ncbi.nlm.nih.gov/pubmed/26064141
https://doi.org/10.1111/j.1875-595X.2011.00091.x
http://www.ncbi.nlm.nih.gov/pubmed/22251038
https://doi.org/10.1111/j.1875-595X.2011.00101.x
http://www.ncbi.nlm.nih.gov/pubmed/22568734
https://doi.org/10.1371/journal.pone.0208628
http://www.ncbi.nlm.nih.gov/pubmed/30562387
https://doi.org/10.4103/0970-9290.191880
https://doi.org/10.4103/0970-9290.191880
http://www.ncbi.nlm.nih.gov/pubmed/27723628
http://www.ncbi.nlm.nih.gov/pubmed/26548188
https://doi.org/10.2478/s13382-013-0133-z
http://www.ncbi.nlm.nih.gov/pubmed/24142742
http://www.ncbi.nlm.nih.gov/pubmed/21736272
https://doi.org/10.4317/medoral.16.e425
https://doi.org/10.4317/medoral.16.e425
http://www.ncbi.nlm.nih.gov/pubmed/20711125
https://doi.org/10.3233/WOR-172559
http://www.ncbi.nlm.nih.gov/pubmed/28582951
https://doi.org/10.2486/indhealth.2013-0141
http://www.ncbi.nlm.nih.gov/pubmed/25327296
https://doi.org/10.1016/s0003-6870%2897%2900017-3
http://www.ncbi.nlm.nih.gov/pubmed/9763237
https://doi.org/10.1093/occmed/kqp004
http://www.ncbi.nlm.nih.gov/pubmed/19223433
https://doi.org/10.4103/ijdr.IJDR%5F352%5F18
http://www.ncbi.nlm.nih.gov/pubmed/32769266
https://doi.org/10.2147/CCIDE.S204433
http://www.ncbi.nlm.nih.gov/pubmed/31308760
https://doi.org/10.4103/JPBS.JPBS%5F25%5F19
http://www.ncbi.nlm.nih.gov/pubmed/31198365
https://doi.org/10.4103/jpbs.JPBS%5F145%5F17
https://doi.org/10.4103/jpbs.JPBS%5F145%5F17
http://www.ncbi.nlm.nih.gov/pubmed/29284969
https://doi.org/10.1002/jdd.12387
https://doi.org/10.1002/jdd.12387
http://www.ncbi.nlm.nih.gov/pubmed/32839992
https://doi.org/10.1371/journal.pone.0241564

PLOS ONE Prevalence of musculoskeletal disorders of the hand and associated conducted therapy approaches in dentistry

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M.

42,

43.

44,

45.
46.

Ng A, Hayes MJ, Polster A. Musculoskeletal Disorders and Working Posture among Dental and Oral
Health Students. Healthcare (Basel). 2016; 4(1):13. https://doi.org/10.3390/healthcare4010013 PMID:
27417601

Codrina A, lordache C, Fatu A, Chirieac R. Work-related hand pathology among dentists: A pilot study.
INTERNATIONAL JOURNAL OF BIOLOGY AND BIOMEDICAL ENGINEERING. 2016; 10.

Rytkénen E, Sorainen E, Leino-Arjas P, Solovieva S. Hand-arm vibration exposure of dentists. Interna-
tional Archives of Occupational and Environmental Health. 2006; 79(6):521. https://doi.org/10.1007/
s00420-005-0079-y PMID: 16421714

Kaliniene G, Ustinaviciene R, Skemiene L, Vaiciulis V, Vasilavicius P. Associations between musculo-
skeletal pain and work-related factors among public service sector computer workers in Kaunas County,
Lithuania. BMC Musculoskelet Disord. 2016; 17(1):420. https://doi.org/10.1186/s12891-016-1281-7
PMID: 27717347

Alexopoulos EC, Stathi I-C, Charizani F. Prevalence of musculoskeletal disorders in dentists. BMC
Musculoskeletal Disorders. 2004; 5:16—. https://doi.org/10.1186/1471-2474-5-16 PMID: 15189564

Brown J, Burke FJ, Macdonald EB, Gilmour H, Hill KB, Morris AJ, et al. Dental practitioners and ill health
retirement: causes, outcomes and re-employment. British dental journal. 2010; 209(5):E7. https://doi.
0rg/10.1038/sj.bdj.2010.813 PMID: 20829836

Hoevenaars JGNM. [Dentist and disability: a matter of occupational disease?]. Ned Tijdschr Tand-
heelkd. 2002; 109(6):207—11. PMID: 12092335

Gupta A, Bhat M, Mohammed T, Bansal N, Gupta G. Ergonomics in Dentistry. International journal of
clinical pediatric dentistry. 2014; 7:30—4. https://doi.org/10.5005/jp-journals-10005-1229 PMID:
25206234

Alexandre PC, da Silva IC, de Souza LM, de Magalhaes Camara V, Palacios M, Meyer A. Musculoskel-
etal disorders among Brazilian dentists. Arch Environ Occup Health. 2011; 66(4):231-5. https://doi.org/
10.1080/19338244.2011.564571 PMID: 22014196

Solovieva S, Vehmas T, Riihiméaki H, Takala E-P, Murtomaa H, Luoma K, et al. Finger Osteoarthritis
and Differences in Dental Work Tasks. Journal of Dental Research. 2006; 85(4):344—8. https://doi.org/
10.1177/154405910608500412 PMID: 16567556

Alhusain FA, Almohrij M, Althukeir F, Alshater A, Alghamdi B, Masuadi E, et al. Prevalence of carpal
tunnel syndrome symptoms among dentists working in Riyadh. Ann Saudi Med. 2019; 39(2):104—11.
https://doi.org/10.5144/0256-4947.2019.07.03.1405 PMID: 30905925

Valachi B, Valachi K. Preventing musculoskeletal disorders in clinical dentistry: strategies to address
the mechanisms leading to musculoskeletal disorders. J Am Dent Assoc. 2003; 134(12):1604-12.
https://doi.org/10.14219/jada.archive.2003.0106 PMID: 14719757

Gopinadh A, Devi KN, Chiramana S, Manne P, Sampath A, Babu MS. Ergonomics and musculoskeletal
disorder: as an occupational hazard in dentistry. J Contemp Dent Pract. 2013; 14(2):299-303. https:/
doi.org/10.5005/jp-journals-10024-1317 PMID: 23811663

Gupta D, Bhaskar DJ, Gupta KR, Karim B, Kanwar A, Jain A, et al. Use of complementary and alterna-
tive medicine for work related musculoskeletal disorders associated with job contentment in dental pro-
fessionals: Indian outlook. Ethiop J Health Sci. 2014; 24(2):117-24.

ADA. Survey of current issues in dentistry: Repetitive motion injuries. Chicago American Dental Associ-
ation 1997.

Bedi HS, Moon NJ, Bhatia V, Sidhu GK, Khan N. Evaluation of Musculoskeletal Disorders in Dentists
and Application of DMAIC Technique to Improve the Ergonomics at Dental Clinics and Meta-Analysis of
Literature. J Clin Diagn Res. 2015; 9(6):Zc01-3. https://doi.org/10.7860/JCDR/2015/14041.6126
PMID: 26266205

Droeze EH, Jonsson H. Evaluation of ergonomic interventions to reduce musculoskeletal disorders of
dentists in the Netherlands. Work. 2005; 25(3):211-20. PMID: 16179770

Gangopadhyay S, Dev S. Design and evaluation of ergonomic interventions for the prevention of mus-
culoskeletal disorders in India. Ann Occup Environ Med. 2014; 26:18-. https://doi.org/10.1186/2052-
4374-26-18 PMID: 25009740

Lietz J, Ulusoy N, Nienhaus A. Prevention of Musculoskeletal Diseases and Pain among Dental Profes-
sionals through Ergonomic Interventions: A Systematic Literature Review. Int J Environ Res Public
Health. 2020; 17(10):3482. https://doi.org/10.3390/ijerph17103482 PMID: 32429439

Leiner DJ. SoSci Survey (Version 3.1.06). 2019.

Caffier GS U.; Liebers F. Praxisorientiertes Methodeninventar zur Belastungs- und Beanspruchungs-
beurteilung im Zusammenhang mit arbeitsbedingten Muskel- Skelett-Erkrankungen. Dortmund: Bun-
desanstalt flir Arbeitsschutz und Arbeitsmedizin; 1999. Contract No.: Fb 850.

PLOS ONE | https://doi.org/10.1371/journal.pone.0241564 November 6, 2020 14/15


https://doi.org/10.3390/healthcare4010013
http://www.ncbi.nlm.nih.gov/pubmed/27417601
https://doi.org/10.1007/s00420-005-0079-y
https://doi.org/10.1007/s00420-005-0079-y
http://www.ncbi.nlm.nih.gov/pubmed/16421714
https://doi.org/10.1186/s12891-016-1281-7
http://www.ncbi.nlm.nih.gov/pubmed/27717347
https://doi.org/10.1186/1471-2474-5-16
http://www.ncbi.nlm.nih.gov/pubmed/15189564
https://doi.org/10.1038/sj.bdj.2010.813
https://doi.org/10.1038/sj.bdj.2010.813
http://www.ncbi.nlm.nih.gov/pubmed/20829836
http://www.ncbi.nlm.nih.gov/pubmed/12092335
https://doi.org/10.5005/jp-journals-10005-1229
http://www.ncbi.nlm.nih.gov/pubmed/25206234
https://doi.org/10.1080/19338244.2011.564571
https://doi.org/10.1080/19338244.2011.564571
http://www.ncbi.nlm.nih.gov/pubmed/22014196
https://doi.org/10.1177/154405910608500412
https://doi.org/10.1177/154405910608500412
http://www.ncbi.nlm.nih.gov/pubmed/16567556
https://doi.org/10.5144/0256-4947.2019.07.03.1405
http://www.ncbi.nlm.nih.gov/pubmed/30905925
https://doi.org/10.14219/jada.archive.2003.0106
http://www.ncbi.nlm.nih.gov/pubmed/14719757
https://doi.org/10.5005/jp-journals-10024-1317
https://doi.org/10.5005/jp-journals-10024-1317
http://www.ncbi.nlm.nih.gov/pubmed/23811663
https://doi.org/10.7860/JCDR/2015/14041.6126
http://www.ncbi.nlm.nih.gov/pubmed/26266205
http://www.ncbi.nlm.nih.gov/pubmed/16179770
https://doi.org/10.1186/2052-4374-26-18
https://doi.org/10.1186/2052-4374-26-18
http://www.ncbi.nlm.nih.gov/pubmed/25009740
https://doi.org/10.3390/ijerph17103482
http://www.ncbi.nlm.nih.gov/pubmed/32429439
https://doi.org/10.1371/journal.pone.0241564

PLOS ONE Prevalence of musculoskeletal disorders of the hand and associated conducted therapy approaches in dentistry

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Kuorinka I, Jonsson B, Kilbom A, Vinterberg H, Biering-Sorensen F, Andersson G, et al. Standardised
Nordic questionnaires for the analysis of musculoskeletal symptoms. Appl Ergon. 1987; 18(3):233—7.
https://doi.org/10.1016/0003-6870(87)90010-x PMID: 15676628

Meyer VP, Brehler R, Castro WHM, Nentwig CG. Arbeitsbelastungen bei Zahn%.rzten in niedergelass-
ener Praxis. Eine arbeitsmedizinische Bestandsaufnahme zu Wirbels%o.ulenbelastungen, Berufsderma-
tosen und Stressfaktoren. Idz IdDZr, editor. K'In: Deutscher Zahn%orzte Verlag DfV-Hanser; 2001.
167 p.

Assmus H, Antoniadis G, Bischoff C. Carpal and cubital tunnel and other, rarer nerve compression syn-
dromes. Dtsch Arztebl Int. 2015; 112(1-2):14-25; quiz 6. https://doi.org/10.3238/arztebl.2015.0014
PMID: 25613452

Guo Q, Wang Y, Xu D, Nossent J, Pavlos NJ, Xu J. Rheumatoid arthritis: pathological mechanisms and
modern pharmacologic therapies. Bone Res. 2018; 6:15—. https://doi.org/10.1038/s41413-018-0016-9
PMID: 29736302

Lake J. Musculoskeletal dysfunction associated with the practice of dentistry—proposed mechanisms
and management: literature review. Univ Tor Dent J. 1995; 9(1):7, 9-11. PMID: 9584791

Reitemeier BJ L.; Neumann K.; Schneevoigt R.; Kleine J., Tzscheutschler C; Kérnig T. Zahnarztliche
Handinstrumente—ergonomische und hygienische Aspekte Zahnheilkunde Management Kultur
(ZMK). 2012.

Adams JE, Habbu R. Tendinopathies of the Hand and Wrist. J Am Acad Orthop Surg. 2015; 23
(12):741-50. https://doi.org/10.5435/JAAOS-D-14-00216 PMID: 26510626

Valachi B. Wrist Pian among Dental Professionals 2008 [Available from: https://posturedontics.com/
identifying-your-wrist-pain-in-dentistry/.

Corp. M. Microsoft Excel for Mac, Version 16.35. Redmond, Washington Microsoft Corp.; 2019.
Corp. |. IBM SPSS Statistics for Mac, Version 26.0. Armonk, NY: IBM Corp.; 2019.

Berufsbildung B-Bf. Neu abgeschlossene Ausbildungsvertrage—Ergebnisse der BIBB-Erhebung zum
30. September 2019. Bonn BIBB—Bundesinstitut fiir Berufsbildung; 2019.

Fillingim RB, King CD, Ribeiro-Dasilva MC, Rahim-Williams B, Riley JL, 3rd. Sex, gender, and pain: a
review of recent clinical and experimental findings. J Pain. 2009; 10(5):447-85. https://doi.org/10.1016/
j.jpain.2008.12.001 PMID: 19411059

Marshall ED, Duncombe LM, Robinson RQ, Kilbreath SL. Musculoskeletal symptoms in New South
Wales dentists. Australian Dental Journal. 1997; 42(4):240-6. https://doi.org/10.1111/j.1834-7819.
1997.tb00128.x PMID: 9316311

YiJ,HuX, YanB, Zheng W, Li Y, Zhao Z. High and specialty-related musculoskeletal disorders afflict
dental professionals even since early training years. J Appl Oral Sci. 2013; 21(4):376-82. https://doi.
org/10.1590/1678-775720130165 PMID: 24037079

Stone AJ, Oakman J. Oral health professionals: An exploration of the physical and psychosocial work-
ing environment. Work. 2020; 65(4):789-97. https://doi.org/10.3233/WOR-203131 PMID: 32310209

Urwin M, Symmons D, Allison T, Brammah T, Busby H, Roxby M, et al. Estimating the burden of muscu-
loskeletal disorders in the community: the comparative prevalence of symptoms at different anatomical
sites, and the relation to social deprivation. Ann Rheum Dis. 1998; 57(11):649-55. https://doi.org/10.
1136/ard.57.11.649 PMID: 9924205

Nikola Déring JB. Forschungsmethoden und Evaluation in den Sozial- und Humanwissenschaften 5ed.
Berlin Heidelberg: Springer-Verlag; 2016.

McGrath PA. Psychological aspects of pain perception. Arch Oral Biol. 1994; 39 Suppl:55S-62S.
Hohwi L, Lyshol H, Gissler M, Jonsson SH, Petzold M, Obel C. Web-based versus traditional paper
questionnaires: a mixed-mode survey with a Nordic perspective. J Med Internet Res. 2013; 15(8):
e173—e. https://doi.org/10.2196/jmir.2595 PMID: 23978658

van Gelder MM, Bretveld RW, Roeleveld N. Web-based questionnaires: the future in epidemiology?
Am J Epidemiol. 2010; 172(11):1292—-8. https://doi.org/10.1093/aje/kwg291 PMID: 20880962

Kalluri A, Puranik M, Uma SR. Musculoskeletal disorders in dental workplace: A comprehensive review.
2018.

Vignais N, Bernard F, Touvenot G, Sagot JC. Physical risk factors identification based on body sensor

network combined to videotaping. Appl Ergon. 2017; 65:410-7. https://doi.org/10.1016/j.apergo.2017.
05.003 PMID: 28528627

PLOS ONE | https://doi.org/10.1371/journal.pone.0241564 November 6, 2020 15/15


https://doi.org/10.1016/0003-6870%2887%2990010-x
http://www.ncbi.nlm.nih.gov/pubmed/15676628
https://doi.org/10.3238/arztebl.2015.0014
http://www.ncbi.nlm.nih.gov/pubmed/25613452
https://doi.org/10.1038/s41413-018-0016-9
http://www.ncbi.nlm.nih.gov/pubmed/29736302
http://www.ncbi.nlm.nih.gov/pubmed/9584791
https://doi.org/10.5435/JAAOS-D-14-00216
http://www.ncbi.nlm.nih.gov/pubmed/26510626
https://posturedontics.com/identifying-your-wrist-pain-in-dentistry/
https://posturedontics.com/identifying-your-wrist-pain-in-dentistry/
https://doi.org/10.1016/j.jpain.2008.12.001
https://doi.org/10.1016/j.jpain.2008.12.001
http://www.ncbi.nlm.nih.gov/pubmed/19411059
https://doi.org/10.1111/j.1834-7819.1997.tb00128.x
https://doi.org/10.1111/j.1834-7819.1997.tb00128.x
http://www.ncbi.nlm.nih.gov/pubmed/9316311
https://doi.org/10.1590/1678-775720130165
https://doi.org/10.1590/1678-775720130165
http://www.ncbi.nlm.nih.gov/pubmed/24037079
https://doi.org/10.3233/WOR-203131
http://www.ncbi.nlm.nih.gov/pubmed/32310209
https://doi.org/10.1136/ard.57.11.649
https://doi.org/10.1136/ard.57.11.649
http://www.ncbi.nlm.nih.gov/pubmed/9924205
https://doi.org/10.2196/jmir.2595
http://www.ncbi.nlm.nih.gov/pubmed/23978658
https://doi.org/10.1093/aje/kwq291
http://www.ncbi.nlm.nih.gov/pubmed/20880962
https://doi.org/10.1016/j.apergo.2017.05.003
https://doi.org/10.1016/j.apergo.2017.05.003
http://www.ncbi.nlm.nih.gov/pubmed/28528627
https://doi.org/10.1371/journal.pone.0241564

