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Abstract

Objectives: Musculoskeletal disorders (MSDs) in the neck and shoulder region may
be associated with significant impairment of quality of life and well-being. The study
was to determine the prevalence of painful MSDs in Chinese dentists and evaluate
somatosensory function and neck mobility compared with non-dental professional
controls.

Methods: One hundred dentists (age: 36.5 + 9.8 years) and 102 controls (age:
36.2 + 10.0 years) were recruited between September 2019 and December 2020.
The Medical Outcome Study 36-item short-form health survey questionnaire and
information of MSDs history were recorded. The cervical range of motion (CROM)
with and without pain, and the pressure pain thresholds (PPTs) of the facial and
neck muscles were tested. Chi-square test, Mann-Whitney U test and multiple linear
regression analysis were used to analyze the data. The factors in the multiple linear
regression analysis were occupation, working age, and gender.

Results: The prevalence rate of neck pain was significantly higher in dentists (73.0%)
compared with the controls (52.0%) (P = .002). The regression models of cervical
range of posterior extension, lateral flexion and rotation were statistically significant
(P <.001). The regression models of PPTs of the tested facial and neck muscles were
statistically significant (P < .001).

Conclusion: Dentists are at higher risk of neck pain. The bigger cervical range of
left rotation of dentists could be related to the working posture. The lower PPTs in
dentists may reflect a hypersensitivity in the facial and neck muscles. Preventive

measures are needed to reduce occupational hazards in dentists.
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1 | INTRODUCTION

Musculoskeletal disorders (MSDs) are typically character-
ized by pain and limited function of muscles, bones, and
joints, which reduces the ability to work and participate in
social life, and has profound implications on psychological
status and quality of life.? According to the 2019 WHO
report, MSDs are the leading cause of disability in humans,
and it is common not only in the elderly but also in all age
ranges.

The prevalence of MSDs was 51.9% in the neck, 33.2%
in the shoulder, 33.4% in the chest, 33.7% in the wrist or
hand, and 37.3% in the lower back on the basis of reports
from 23 studies involving 2,531 Iranian dentists.’ It was re-
ported that the most common sites of reported MSDs were
the neck (59%), lower back (57%), and shoulders (45%)*
based on the study of 750 dentists in New Zealand in 2008.
Also, there were 88% of Chinese dentists who reported
at least one MSDs and 83.8% of them suffered from neck
pain.5 According to an Australian study of 285 dentists,
more than one third of dentists had received treatment or
medical care for MSDs in the past year.6 It was reported
that about 10% of dentists ask for sick leave (an average
of 11.5 days per year) or leave their jobs due to MSDs.°
The above studies suggested that dentists have a high prev-
alence of neck disorders,7 which, in its later stages, may
seriously interfere with their regular work, social activities,
and quality of life.

The MSDs can be evoked by non-ergonomic working pos-
tures eg keeping the head rotation, neck bending, shoulder,
upper arm abduction,® repetitive, constant, and high-intensity
static loads on muscles and joints.9 Besides, psychosocial
risk factors and personal characteristics may increase the risk
of MSDs. Neck pain and motor dysfunction are usual symp-
toms of occupational MSDs,'0 which are the leading causes
of disability and dysfunction and interfere with the work and
life of dentists."!

In previous studies, the cervical range of motion (CROM)
was used as a primary index for understanding cervical func-
tion, and could help to evaluate and monitor the functional
status of the neck.'” It has also been demonstrated that the
pressure pain threshold (PPT) test is useful to detect sensi-
tization of deep tissues,13 and could be used as an indicator
for somatosensory dysfunction.14 Moreover, the reliability,
consistency, and repeatability of CROM and PPTs in maxil-
lofacial applications are promising.'”!’

In the present study, an advanced CROM device and PPT
were used to evaluate neck mobility and somatosensory
function in dentists and non-dental controls. The purpose of
the study was to investigate the prevalence of painful MSD
and evaluate the somatosensory function and neck mobil-
ity in dentists in comparison with non-dental professional
controls.

2 | MATERIALS AND METHODS

2.1 | Study participants

One hundred dentists and 102 controls participated in this
comparative cross-sectional study between September 2019
and December 2020 (Figure 1). The inclusion criteria for
dentists were as follows: age from 22 to 60 years old, full
time working dentists at the forefront of clinical practice for
more than half a year, daily working more than 6 hours per
day, and 3 days per week. The inclusion criteria for controls
were office workers (including accountants, clerks, network
managements), age from 22 to 60 years old, full time workers
for more than half a year, daily working more than 6 hours
per day, and 3 days per week. In order to match the dental
group and the control group in terms of age and gender, we
included participants in three subgroups according to work-
ing age (subgroup A: 1-7 years, subgroup B: 8-14 years, sub-
group C: over 14 years).

The exclusion criteria for both groups were: currently
suffering any kind of orofacial pain (eg burning mouth syn-
drome, trigeminal neuralgia, temporomandibular disorders),
received treatment related to sports medicine within the last
6 months; experience of surgery or trauma within the last
6 months; mental or psychological conditions or conditions
that affect the nervous system or circulatory system, neu-
rological and painful disorders (eg fibromyalgia). Physical
labor workers were also excluded from the controls.

2.2 | Study protocol

All participants were requested to fill out personal informa-
tion. The Medical Outcome Study 36-item short-form (SF-
36) health survey questionnaire, intensity and frequency of
pain were recorded. The CROM and PPTs of the facial and
neck muscles were recorded. All examiners were profession-
ally trained before the experiment and all the instruments
were calibrated.

Participants were informed about the experimental pro-
cedure and assured that they could leave the study at any
time. The Ethics Committee of the State of the Affiliated
Stomatology Hospital of Nanjing Medical University ap-
proved the study protocol (PJ2019-006-01).

The Chinese version of the SF-36 health survey question-
naire was used. The short self-administrative health question-
naire is spanning eight dimensions: physical function, role
physical, bodily pain, general health, vitality, social function,
role-emotion and mental health. The SF-36 is a vital outcome
measurement tool for health service research and clinical tri-
als, especially for chronic diseases. The Chinese version of the
SF-36 questionnaire has produced similar findings concern-
ing reliability, convergent, and discriminant validity tests.'®"
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[ Selection of participants ]

[ Inclusion criteria ] <

> [ Exclusion criteria ]

102 dentists [

106 office workers
as controls

[ Personal information ][ MOS SF-36 healthy survey ] [ Cervical range of motion ] [ Pressure pain threshold ]

2 dentists excluded

( 4 controls excluded

since personal reasons J

L since personal reasons

100 dentists (M: 42; W: 58)
Working age: 1-7 years: 32 (age: 22-31)
Working age: 8-14 years: 32 (age: 32-38)
Working age: Over 14 years: 36 (age: 37-60)

102 controls (M: 42; W: 60)
Working age: 1-7 years: 31 (age: 22-30)
Working age: 8-14 years: 34, (age: 29-37)
Working age: Over 14 years: 37 (age: 37-60)

[ Data analysis ]

FIGURE 1 Selection process of participants

All participants filled in the necessary information: height,
weight, age, gender, occupation, dominant hand, working age,
working days per month, working hours per day, cell phone
time per day, etc. Some musculoskeletal pains in the past year
were recorded, such as headache, neck pain, shoulder pain,
lower back pain, and pain area was drawn on paper with a
body image and the frequency of pain per month (range from
0 to 30) was recorded, and the intensity of pain was assessed
by a numeric rating scale (NRS). The NRS was rate from 0 to
10, where 0O represents no pain, and 10 represents the worst
imaginable pain.*

The head movement was recorded in 3 directions: sagit-
tal plane, coronal plane, and lateral rotations with the CROM
device (Performance Attainment Associates, Roseville, MN,
USA) (Appendix Figure S1A), which consists of three fluid-
dampened inclinometers secured to a lightweight, plastic

frame. The frame fitted on the head like glasses and was se-
cured using hook-and-loop fastening straps. The participants
were asked to sit vertically with their eyes parallel to the ex-
ternal auditory canal in the same quiet room. The instrument
was attached to the head, and the dial was perpendicular to the
ground. The participant’s shoulders were fixed to keep their
bodies still, and they were asked to perform anterior flexion
and posterior extension on the sagittal plane, left lateral flex-
ion and right lateral flexion on the coronal plane. Then par-
ticipants wore a magnetic field ring around the neck with the
pointer parallel to the field while keeping the upper body still
and performed left rotation and right rotation on a horizontal
plane.21 The participants were asked to do the maximum pain-
free range of motion and repeated each motion three times
with 10 seconds intervals. The CROM was recorded during
movement without pain, as well as CROM with pain.
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A handheld pressure algometer (Algometer, MEDOC,
Israel) (Appendix Figure S1B) was used to measure the PPTs
at the right and left anterior portion of temporal muscles,
the superficial layer of masseter muscles, sternocleidomas-
toid muscles, upper trapezius muscles and middle trapezius
muscles. When measuring the maxillofacial and neck region,
the probe with an area of 1.0 cm?® was perpendicular to the
inspection site, and the measurement rate was set to 30 kPa/s.
The participants were instructed to press a switch connected
to a computer, once a painless sensation changed to a barely
painful sensation, which was defined as the pain threshold
rather than the pain tolerance level. Participants were also
told that their attention should be focused on the test stimulus
because a change in attention has been shown to affect sen-
sitivity and neural responses to peripheral afferent inputs.22
The applied pressure was shown on a digital display. Each
test point was measured three times with an interval of 1 min
and the average was used for further statistical analyses.

2.3 | Data analysis

The Statistical Package for Social Sciences (SPSS 24.0)
software was used for statistical analysis. The quantitative
data (eg age, working hours, NRS, the results of the SF-
36 questionnaire, PPT, CROM) was presented as mean =+
standard deviation. Gender and the prevalence rate of pain
were presented as absolute (number), and relative frequency
(percentage). Before performing the inferential analysis, all
quantitative variables were assessed for normal distribution
using the Kolmogorov—Smirnov test. The Mann-Whitney
U test was used to analyze the difference of non-normally
distributed data (such as personal information, the frequency
and intensity of pain, the results of the SF-36 questionnaire).
A Chi-square test was used to analyze the qualitative data
(such as prevalence rate of pain). A multiple linear regres-
sion analysis was used to analyze the different outcome pa-
rameters of the PPTs and CROM. The factors in the multiple
linear regression analysis were occupation (2 levels: dentists
and controls), working age, and gender (2 levels: men and
women). The difference between the CROM with pain and
CROM without pain was analyzed with the paired #-test.
P < .05 were considered as statistically significant.

3 | RESULTS

Two hundred eight eligible participants were evaluated, of
whom two dentists and four controls did not complete the
study for personal reasons. Finally, the study included 100
dentists (age: 22-60 years with mean: 36.5 + 9.8 years, men:
42, women: 58) and 102 controls (age: 22-60 years with
mean: 36.2 + 10.0 years, men: 42, women: 60). Regarding

to the working age, 32 dentists and 31 controls were in sub-
group A; 32 dentists and 34 controls were in subgroup B;
36 dentists and 37 controls were in subgroup C. The de-
mographic and clinical characteristics are summarized in
Tables 1 and 2. There were no significant differences in age,
gender, body mass index, and working age between the two
groups (P > .484). Self-reported working hours per day and
per month, cell phone time were smaller in dentists compared
with controls (P < .041). However, the prevalence rate of
neck pain in the dentists (73.0%) was significantly higher
than in the controls (52.0%) (P = .002). There were no signif-
icant differences in the intensity and frequency of neck pain
between the groups (P > .628). There were no differences
between the two groups in terms of prevalence rate, intensity
and frequency of headache, shoulder pain and back pain.

3.1 | SF-36 questionnaire

The overall index of the SF-36 questionnaire demonstrated
no difference between the dentists and controls (P = .909)
and none of the eight dimensions revealed any significant dif-
ference between the groups (Appendix Table S1).

32 | CROM
The multiple linear regression analysis was used to analyze
the influence of occupation, working age, and gender on
CROM (Table 3). The controls were taken as the reference

TABLE 1 Descriptive information
Dentists Controls P
Gender
Men 42 (42.0%) 42 (41.2%)
Woman 58 (58.0%) 60 (58.8%) 905
Working age (y)
1-7 32(32%) 31(30.4%)
8-14 32(32%) 34(33.3%)
Over 14 36(36%) 37(36.3%) .965
Age (y) 36.5+9.8 36.2 +£10.0 507
BMI 23.0+£3.2 228 £3.5 484
Working days (d/ 21.8+2.9 224 +25 .041
mon)

Working hours 7.9 +0.8 83+ 1.1 .004
(h/d)

Working age (y) 13.4 +10.0 14.2 +10.0 798

Cell phone time 28+13 3.8+2.6 .009
(h/d)

Abbreviation: BMI, body mass index.

Bold indicates statistically significant values.
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TABLE 2 Descriptive data for musculoskeletal disorders

Dentists Controls P

Prevalence rate

Head pain 33 (33.0%) 40 (39.2%)  .358

Neck pain 73 (73.0%) 53 (52.0%)  .002

Shoulder pain 60 (60.0%) 54 (52.9%) 312

Back pain 46 (46.0%) 51(50.0%)  .569
Intensity (0-10)

Head pain 34+13 3.6+1.8 .631

Neck pain 33+14 35+1.6 .628

Shoulder pain 33+14 38+1.6 .095

Back pain 37+ 1.7 3.8+1.8 .839
Frequency (0-30)

Head pain 4.0+5.1 52+69 705

Neck pain 59+68 7.4 +88 .849

Shoulder pain 6.4+7.6 77+78 292

Back pain 8.1+84 8.0+8.2 .864

in terms of the occupation and women were the reference
in terms of the gender. The linear relationships between in-
dependent variables (occupation, working age, gender) and
CROM were shown by drawing partial regression scatter
plots and studentized scatter plots of residuals and predicted
values. The homogeneities of the variance of the residuals
were verified by drawing a scatter plot between the studen-
tized residuals and the unstandardized predicted values. The
tolerances of regression were greater than 0.1, and there were
no multicollinearities. The P-P graph showed an approximate
normal distribution of residuals.

The regression models of painless cervical range of exten-
sion, lateral flexion and rotation were statistically significant
(F > 6.224, P < .001, adjust R® > 0.072). The influence of
occupation could only be demonstrated on the cervical range
of left rotation (P = .009). The influence of working age on
the cervical range of posterior extension, lateral flexion and
right rotation was statistically significant (P < .040). Men
showed smaller cervical range of left lateral flexion and rota-
tion than women (P < .041).

The regression models of painful cervical range of exten-
sion, lateral flexion and rotation were statistically significant
(F > 8.106, P < .001, adjust R? > 0.096). Compared with the
control group, the dentists showed greater cervical range of
left rotation (P = .001). Among the three independent vari-
ables included in the study, the influence of working age on
the cervical range of posterior extension, lateral flexion and
right rotation was statistically significant (P < .033). Men
showed smaller cervical range of extension, lateral flexion
and rotation than women (P < .028).

The paired-samples T test was used to analyze the dif-
ference between the CROM with pain and without pain.

Journal of Occupational Health g LEYJﬂ

The CROM without pain were significantly greater than
the CROM with pain in all directions (P < .001) (Appendix
Table S2).

33 | PPT

The PPTs of the tested muscles were converted into normal
distributions by log10 transformation. The multiple linear re-
gression analysis was again used to analyze the influence of
occupation, working age and gender on PPTs (Table 4).

The regression models of PPTs of the tested facial and
neck muscles were statistically significant (F > 20.742,
P < .001, adjust R> > 0.228). The PPTs of the tested mus-
cles in dentists were lower than those in the control group
(P < .044). The influence of the three independent variables
included in the model on PPTs were statistically significant.
With the increase of working age, PPTs gradually increased
(P < .001) and men had higher PPTs of the tested muscles
than women (P < .001).

4 | DISCUSSION

In general, the health status of the dentists was not dif-
ferent from the controls. However, the prevalence rate of
neck pain was high among dentists in China. Dentists had
a greater range of left rotation compared with the controls,
and showed reduced range of bilateral flexion, posterior
extension and right rotation with increasing working age.
Moreover, the PPTs of facial and neck muscles were sig-
nificantly lower in dentists compared with the controls, and
PPTs gradually increased with the increase of working age.
Women had larger CROM and lower PPTs of the muscles
compared with men.

4.1 | Study methods

A few studies covering a relatively narrow range of industries
have been done in terms of MSDs, and there were few studies
on the health status and neck disorders in dentists."® In addi-
tion, there was no unified standard definition of MSDs, and
Nordic Musculoskeletal Questionnaire (NMQ) was mostly
used internationally,23 lacking objective and quantitative
standards.

Although magnetic resonance imaging has been recog-
nized as the gold standard for cervical spondylosis, it was
not feasible to use imaging as an assessment tool to con-
duct a large-sample clinical investigation.17 The CROM was
employed to investigate the neck mobility and the PPT test
was used to reflect muscle sensitivity and as a measure of
somatosensory function in deep tissues. A previous study
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TABLE 3 Multiple linear regression analysis for CROM

Adjust Unstandardized Standardized
R? F P oqel coefficients coefficients P, esficients
CROM with pain
Anterior flexion —0.005  0.641 .590
Posterior extension 0.072 6.224 <.001 Constant 65.090 + 3.655
Occupation —0.719 +2.079 —-0.023 730
Working age —0.380 + 0.104 —0.249 <.001
Gender —4.067 +£2.119 —0.131 .056
Left lateral flexion 0.099 8.324 <.001 Constant 46.869 + 2.059
Occupation —0.600 + 1.171 —0.034 .609
Working age —0.253 + 0.059 —-0.290 <.001
Gender —2.452 +1.194 —-0.138 .041
Right lateral flexion 0.083 7.040 <.001 Constant 39.670 + 1.998
Occupation —0.776 + 1.137 —0.046 496
Working age —0.239 + 0.057 —0.285 <.001
Gender —1.540 + 1.159 0.090 185
Left rotation 0.080 6.841 <.001 Constant 59.784 + 2.157
Occupation 3.260 + 1.227 0.180 .009
Working age —0.077 + 0.061 —0.085 214
Gender —4.151 + 1.251 —-0.226 .001
Right rotation 0.074 6.390 <.001 Constant 65.651 +2.257
Occupation 0.617 + 1.284 0.033 .632
Working age —0.133 + 0.064 —0.141 .040
Gender —4.720 + 1.309 —0.246 <.001
CROM without pain
Anterior flexion 0.019 2.280 .081
Posterior extension 0.208 18.578 <.001 Constant 72.742 + 2.515
Occupation —0.632 + 1.431 —0.028 .659
Working age —0.404 + 0.072 —0.358 <.001
Gender —6.273 + 1.458 —0.271 <.001
Left lateral flexion 0.124 10.495 <.001 Constant 47.871 +1.783
Occupation 0.093 + 1.015 0.006 927
Working age —0.222 + 0.051 -0.290 <.001
Gender —3.181 £ 1.034 -0.204 .002
Right lateral flexion 0.096 8.106 <.001 Constant 40.839 + 1.744
Occupation —0.091 + 0.992 —0.006 927
Working age —0.207 + 0.050 —0.281 <.001
Gender —2.237 + 1.011 —-0.149 .028
Left rotation 0.115 9.687 <.001 Constant 59.908 + 1.938
Occupation 3.772 + 1.103 0.227 .001
Working age —0.067 + 0.055 —0.082 223
Gender —4.331 £ 1.124 -0.257 <.001
Right rotation 0.112 9.490 <.001 Constant 65.611 +2.018
Occupation 1.393 +1.148 0.081 226
Working age —0.123 + 0.057 —0.143 .033
Gender —5.264 + 1.170 —0.300 <.001

Abbreviations: CROM, cervical range of motion; P4, Statistical significance of regression model; P_.iciencs: Statistical significance of coefficients.

Bold indicates statistically significant values.
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showed that recordings made with the CROM provide a reli-
able measure of movement directions.>! Also, the results of
studies showed overall good-to-excellent with-session and
between-day reliability of PPT measurements on facial and
neck muscles.**

4.2 | Higher risk of dentists for suffering
from MSDs

According to the results of the SF-36 health survey question-
naire, there were no differences between dentists and con-
trols. However, the study showed there was a prominently
higher prevalence of neck pain over the past 12 months
among the dentists compared with the controls. The neck
pain mostly occurred bilaterally, and the prevalence rate was
higher than headache, shoulder pain, and lower back pain.
Several studies are in line with our results that neck pain is
the most prevalent musculoskeletal disorders.”® Dentists re-
ported to use their mobile phones less and had fewer work-
ing hours than the control group, but still had significantly
higher prevalence rate of neck pain, which indicated that
occupational factors may contribute to the susceptibility of
dentists for MSDs.”® A Swedish survey found that dental hy-
gienists with MSDs were more likely to be associated with
long working hours.?” Also, a French study showed that the
prevalence of chronic pain was higher among dentists with
3-15 years of Working.28 Generally, it seems that insufficient
training, unsuitable designing of the working facilities, lack
of frequent supervision of correct ergonomic working posi-
tions, and work-related stress may lead to the adoption of un-
suitable positions during work, which could be an important
reason for development of MSDs.?’

In order to reduce neck and trunk bending or twisting
during working, corrective measures in job postures by the
use of ergonomic seats and magnifying facilities are rec-
ommended. Further, implementation of ergonomic training
courses and physical activity also could benefit dentists in
alleviating or even preventing MSDs.?

4.3 | Neck mobility

The range of left rotation was significantly larger in dentists
compared with the control group. One reason could be re-
lated to training and repetitive use of this particular working
posture. Most dentists often adopt suboptimal postures such
as cervical anteflexion, right lateral flexion, and left rotation
of the head which may cause the neck muscles to overstretch.
These head postures are related to the need for the dentist to
allow direct visual inspection of the oral cavity of the patients
during examination and dental procedures. Overstretching of
skeletal muscle can initiate an increase in the serial sarcomere

Journal of Occupational Health g LEYM

number, respectively.’ Moreover, active overstretching may
trigger serial sarcomere in addition to a greater extent than
passive overstretching. This increase in muscle length may
have enabled an increased range of left rotation.”

In addition, the present results showed decreased cervical
range of flexion and posterior extension, left rotation with in-
creasing working age. This finding indicates that the decrease
of CROM could be the result of an additive and long-term ac-
cumulation of exposures. These results were expected because
there is ample evidence demonstrating a reduction in neck
movements as the occupational working age increase and this
was especially true for dentists.*® Long-term, repeated and
continuous stress concentrated on the intervertebral discs,
ligaments, facet joints, muscles and other tissues,31 can cause
muscle fatigue, weakened muscle strength and cervical spine
injury.29 When the pressure reaches a specific threshold the
peripheral nerves can be activated by the potentially noxious
stimuli and lead to pain localized to the neck and associated
with limited activity.32 In addition, the posterior extension
and lateral flexion were restricted preferentially.33

Previous studies have shown similar results with women
having a greater CROM than men in some directions.*® The
findings may result from a variety of factors, including the
anatomical structures eg, men having smaller upper cervical
lordosis and greater lower cervical lordosis than women.**
Furthermore, there remains considerable disagreement over
the biological gender effects on the CROM.

4.4 | Muscle sensitivity
The PPTs in dentists were significantly lower in the neck and
facial areas, which is consistent with other studies. 1635 The re-
sults of our study indicated a widespread pressure pain hyper-
algesia in dentists when compared with healthy controls over
the cervical region.36 Effects of pain on muscle sensitivity in
segmentally related areas have been reported previously.37
Previous studies have found reduced thresholds for measur-
ing the orofacial region in patients with neck disorders.*®

The PPTs showed an upward trend with the increase of
working age in the present study. In a previous study, it was
also found that older adults had higher PPTs in their head and
neck muscles than younger adults.* Long-term occupational
exposure, psychological cognitive effects, and degenerative
changes in the nervous system such as loss of medullated and
myelinated fibers, axonal atrophy, impaired nerve conduc-
tion, and neurotransmitter decline could be responsible for
the increase in PPTs,'##%40

Women had lower PPTs of muscles than men. The mech-
anisms by which women are more sensitivity to mechanical
stimuli are still not fully understood, but physiological, bi-
ological, cultural and psychological differences have been
hypothesized.22
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TABLE 4 Multiple linear regression analysis for PPTs

Right

Temporal muscle

Masseter muscle

Sternocleidomastoid muscle

Middle trapezius muscle

Upper trapezius muscle

Left

Temporal muscle

Masseter muscle

Sternocleidomastoid muscle

Adjust

RZ

0.294

0.281

0.249

0.306

0.228

0.237

0.256

0.270

ZHOU ET AL
Unstandardized Standardized
F P, oda coefficients coefficients P etticients
28.902 <0.001 Constant 2.272 + 0.050
Occupation —0.081 + 0.029 —0.168 0.005
Working 0.007 + 0.001 0.287 <0.001
age
Gender 0.202 + 0.029 0.412 <0.001
27.162 <0.001 Constant 2.166 + 0.053
Occupation —0.073 + 0.030 —0.145 0.017
Working 0.006 + 0.002 0.238 <0.001
age
Gender 0.225 + 0.031 0.439 <0.001
23.231 <0.001 Constant 2.165 + 0.059
Occupation —0.133 £ 0.034 —-0.241 <0.001
Working 0.006 + 0.002 0.213 0.001
age
Gender 0.210 + 0.034 0.375 <0.001
30.251 <0.001 Constant 2.397 + 0.050
Occupation —0.057 + 0.028 —0.120 0.044
Working 0.009 + 0.001 0.360 <0.001
age
Gender 0.184 + 0.029 0.379 <0.001
20.742 <0.001 Constant 2.404 + 0.058
Occupation —0.119 £ 0.033 -0.223 <0.001
Working 0.077 + 0.002 0.273 <0.001
age
Gender 0.169 + 0.034 0.311 <0.001
21.796 <0.001 Constant 2.328 +0.055
Occupation —0.125 + 0.031 —0.247 <0.001
Working 0.007 + 0.002 0.265 <0.001
age
Gender 0.162 + 0.032 0.316 <0.001
24.053 <0.001 Constant 2.150 + 0.058
Occupation —0.088 + 0.033 —0.161 0.009
Working 0.007 + 0.002 0.245 <0.001
age
Gender 0.223 + 0.034 0.402 <0.001
25.788 <0.001 Constant 2.227 + 0.057
Occupation —0.181 +0.032 —0.337 <0.001
Working 0.006 + 0.002 0.206 0.001
age
Gender 0.181 +0.033 0.333 <0.001

(Continues)
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TABLE 4 (Continued)
Adjust Unstandardized Standardized
R’ F P odel coefficients coefficients P esticients
Middle trapezius muscle 0.283 27.243 <0.001 Constant 2.387 +0.053
Occupation —0.062 + 0.030 —0.123 0.042
Working 0.009 + 0.002 0.343 <0.001
age
Gender 0.189 + 0.031 0.367 <0.001
Upper trapezius muscle 0.228 20.783 <0.001 Constant 2.379 + 0.059
Occupation —0.102 + 0.034 —0.187 0.003
Working 0.008 + 0.002 0.287 <0.001
age
Gender 0.178 + 0.034 0.322 <0.001

Abbreviations: PPT, pressure pain threshold; P4, Statistical significance of regression model; P .scients» Statistical significance of coefficient.

Bold indicates statistically significant values.

4.5 | Limitations

The present study was a cross-sectional study and most of the
participants were recruited in the Nanjing area. The current
results have certain limitations and may not be representative
of all dentists due to the different working environment and
relatively small sample size. A multi-center cohort study with
larger sample size and reliable and valid outcome measures
including the proposed techniques in the present study are
recommended.

5 | CONCLUSION
Our study showed that dentists have more common neck
disorders, higher sensitivity of the facial and neck muscles,
and abnormal range of motion of the cervical spine in some
directions. Therefore, in order to reduce the risk of chronic
pain and improve the quality of life, the MSDs caused by
dentists’ daily work should receive more attention from the
society. The implementation of occupational health protec-
tion actions and formulation of ergonomic recommendations
should be promoted to reduce the prevalence of the MSDs
among dentists.

ETHICS APPROVAL STATEMENT

The Ethics Committee of the State of the Affiliated
Stomatology Hospital of Nanjing Medical University ap-
proved the study protocol (PJ2019-006-01).

DISCLOSURE

Approval of the research protocol: N/A. Informed Consent:
N/A. Registry and the Registration No. of the study/Trial:
Chinese Clinical Trial Registry: ChiCTR2000038370.

Animal Studies: N/A. Conflict of Interest. The authors de-
clare that they have no competing interests.

AUTHOR CONTRIBUTIONS

All the authors contributed to the study. The study was de-
signed by Kelun Wang and Peter Svensson, and performed
by Yanli Zhou, Adila Aisaiti, Bingjie Wang, Weina Zhou,
Jinglu Zhang. The data were analyzed by Yanli Zhou, Weina
Zhou and Jinglu Zhang. The manuscript was drafted by Yanli
Zhou, Weina Zhou, Peter Svensson and Kelun Wang. All the
authors helped to revise the manuscript and approved the
final version for publication.

ORCID
Yanli Zhou "= https://orcid.org/0000-0002-4591-3044
REFERENCES

1. Hirase T, Okubo Y, Delbaere K, Menant JC, Lord SR, Sturnieks
DL. Predictors of development and persistence of musculoskeletal
pain in community-dwelling older people: a two-year longitudi-
nal study. Geriatr Gerontol Int. 2021;21(6):519-524. https://doi.
org/10.1111/ggi.14172

2. Safiri S, Kolahi AA, Hoy D, et al. Global, regional, and national
burden of neck pain in the general population, 1990-2017: system-
atic analysis of the Global Burden of Disease Study 2017. BMJ
(Clin Res ed). 2020;368:1990-2017. https://doi.org/10.1136/bmj.
m791

3. ZakerJafari HR, YektaKooshali MH. Work-related musculoskel-
etal disorders in iranian dentists: a systematic review and meta-
analysis. Saf Health Work. 2018;9(1):1-9. https://doi.org/10.1016/j.
shaw.2017.06.006

4. Ayers KM, Thomson WM, Newton JT, Morgaine KC, Rich AM.
Self-reported occupational health of general dental practitioners.
Occup Med (Lond). 2009;59(3):142-148. https://doi.org/10.1093/
occmed/kqp004

5. FengB,LiangQ, WangY, AndersenLL, Szeto G. Prevalence of work-
related musculoskeletal symptoms of the neck and upper extremity


https://orcid.org/0000-0002-4591-3044
https://orcid.org/0000-0002-4591-3044
https://doi.org/10.1111/ggi.14172
https://doi.org/10.1111/ggi.14172
https://doi.org/10.1136/bmj.m791
https://doi.org/10.1136/bmj.m791
https://doi.org/10.1016/j.shaw.2017.06.006
https://doi.org/10.1016/j.shaw.2017.06.006
https://doi.org/10.1093/occmed/kqp004
https://doi.org/10.1093/occmed/kqp004

MWI LEY— Joumal of Occupational Health
—_—

10.

11.

12.

13.

14.

15.

16.
17.
18.
19.

20.

ZHOU ET AL

among dentists in China. BMJ Open. 2014;4(12):e006451-https://
doi.org/10.1136/bmjopen-2014-006451

Leggat PA, Smith DR. Musculoskeletal disorders self-reported by
dentists in Queensland, Australia. Aust Dent J. 2006;51(4):324-
327. https://doi.org/10.1111/j.1834-7819.2006.tb00451.x

Morse T, Bruneau H, Dussetschleger J. Musculoskeletal dis-
orders of the neck and shoulder in the dental professions. Work
(Reading, Mass). 2010;35(4):419-429. https://doi.org/10.3233/
wor-2010-0979

. Martinez-Merinero P, Nufiez-Nagy S, Achalandabaso-Ochoa

A, Fernandez-Matias R, Pecos-Martin D, Gallego-Izquierdo T.
Relationship between forward head posture and tissue mechano-
sensitivity: a cross-sectional study. J Clin Med. 2020;9(3):634-
https://doi.org/10.3390/jcm9030634

. Williams FM, Sambrook PN. Neck and back pain and interver-

tebral disc degeneration: role of occupational factors. Best Pract
Res Clin Rheumatol. 2011;25(1):69-79. https://doi.org/10.1016/].
berh.2011.01.007

Radanovié¢ B, Vucini¢ P, Jankovi¢ T, Mahmutovi¢ E, Penjaskovi¢ D.
Musculoskeletal symptoms of the neck and shoulder among dental
practitioners. J Back Musculoskelet Rehabil. 2017;30(4):675-679.
https://doi.org/10.3233/bmr-150508

Hoy DG, Protani M, De R, Buchbinder R. The epidemiology of
neck pain. Best Pract Res Clin Rheumatol. 2010;24(6):783-792.
https://doi.org/10.1016/j.berh.2011.01.019

Fletcher JP, Bandy WD. Intrarater reliability of CROM measure-
ment of cervical spine active range of motion in persons with and
without neck pain. J Orthop Sports Phys Ther. 2008;38(10):640-
645. https://doi.org/10.2519/jospt.2008.2680

Uddin Z, MacDermid JC. Quantitative sensory testing in
chronic musculoskeletal pain. Pain medicine (Malden, Mass).
2016;17(9):1694-1703. https://doi.org/10.1093/pm/pnv105

De Rui M, Marini I, Bartolucci ML, et al. Pressure pain threshold
of the cervico-facial muscles in healthy elderly people: the role of
gender, age and dominance. Gerodontology. 2015;32(4):274-280.
https://doi.org/10.1111/ger.12117

Wang-Price S, Zafereo J, Brizzolara K, et al. Psychometric prop-
erties of pressure pain thresholds measured in 2 positions for
adults with and without neck-shoulder pain and tenderness. J
Manipulative Physiol Ther. 2019;42(6):416-424. https://doi.
org/10.1016/j.jmpt.2018.11.021

da Costa DR, de Lima Ferreira AP, Pereira TA, et al. Neck dis-
ability is associated with masticatory myofascial pain and regional
muscle sensitivity. Arch Oral Biol. 2015;60(5):745-752. https://
doi.org/10.1016/j.archoralbio.2015.02.009

Kubas C, Chen YW, Echeverri S, et al. Reliability and validity of
cervical range of motion and muscle strength testing. J Strength
Cond  Res. 2017;31(4):1087-1096.  https://doi.org/10.1519/
j5¢.0000000000001578

Chen TH, Li L, Sigle JM, Du YP, Wang HM, Lei J. Crossover
randomized controlled trial of the electronic version of the Chinese
SF-36. J Zhejiang Univ Sci B. 2007;8(8):604-608. https://doi.
org/10.1631/jzus.2007.B0604

Li L, Wang HM, Shen Y. Chinese SF-36 Health Survey: transla-
tion, cultural adaptation, validation, and normalisation. J Epidemiol
Community Health. 2003;57(4):259-263. https://doi.org/10.1136/
jech.57.4.259

Ferreira-Valente MA, Pais-Ribeiro JL, Jensen MP. Validity of four
pain intensity rating scales. Pain. 2011;152(10):2399-2404. https://
doi.org/10.1016/j.pain.2011.07.005

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

33.

34.

35.

Audette I, Dumas JP, Coté JN, De Serres SJ. Validity and between-
day reliability of the cervical range of motion (CROM) device.
J Orthop Sports Phys Ther. 2010;40(5):318-323. https://doi.
org/10.2519/jospt.2010.3180

Pickering G, Jourdan D, Eschalier A, Dubray C. Impact of age,
gender and cognitive functioning on pain perception. Gerontology.
2002:48(2):112-118. https://doi.org/10.1159/000048937

Kuorinka I, Jonsson B, Kilbom A, et al. Standardised Nordic ques-
tionnaires for the analysis of musculoskeletal symptoms. Appl Ergon.
1987;18(3):233-237. https://doi.org/10.1016/0003-6870(87)90010
-X

Chesterton LS, Sim J, Wright CC, Foster NE. Interrater reliabil-
ity of algometry in measuring pressure pain thresholds in healthy
humans, using multiple raters. Clin J Pain. 2007;23(9):760-766.
https://doi.org/10.1097/AJP.0b013e318154bbae

isper Garbin AJ, Barreto Soares G, Moreira Arcieri R, Adas Saliba
Garbin C, Siqueira CE. Musculoskeletal disorders and perception
of working conditions: a survey of Brazilian dentists in Sdo Paulo.
Int J Occup Med Environ Health. 2017;30(3):367-377. https://doi.
org/10.13075/ijomeh.1896.00724

Lietz J, Kozak A, Nienhaus A. Prevalence and occupational risk
factors of musculoskeletal diseases and pain among dental pro-
fessionals in Western countries: a systematic literature review and
meta-analysis. PLoS ONE. 2018;13(12):0208628. https://doi.
org/10.1371/journal.pone.0208628

Petrén V, Petzill K, Preber H, Bergstrom J. The relationship be-
tween working conditions and sick leave in Swedish dental hy-
gienists. Int J Dental Hygiene. 2007;5(1):27-35. https://doi.
org/10.1111/5.1601-5037.2007.00220.x

Fernandez de Grado G, Denni J, Musset AM, Offner D. Back
pain prevalence, intensity and associated factors in French den-
tists: a national study among 1004 professionals. Eur Spine J.
2019;28(11):2510-2516. https://doi.org/10.1007/s00586-019-
06080-4

Wisdom KM, Delp SL, Kuhl E. Use it or lose it: multiscale skel-
etal muscle adaptation to mechanical stimuli. Biomech Model
Mechanobiol. 2015;14(2):195-215. https://doi.org/10.1007/s1023
7-014-0607-3

Pan F, Arshad R, Zander T, Reitmaier S, Schroll A, Schmidt H. The
effect of age and sex on the cervical range of motion—a systematic
review and meta-analysis. J Biomech. 2018;75:13-27. https://doi.
org/10.1016/j.jbiomech.2018.04.047

Bogduk N, Mercer S. Biomechanics of the cervical spine. I: nor-
mal kinematics. Clin Biomech. 2000;15(9):633-648. https://doi.
org/10.1016/S0268-0033(00)00034-6

Armstrong SA, Herr MIJ. Physiology, nociception. StatPearls.
StatPearls Publishing Copyright © 2021, StatPearls Publishing
LLC.; 2021.

Qu N, Lindstrgm R, Graven-Nielsen T, Hirata RP. Experimental
cervical interspinous ligament pain altered cervical joint motion
during dynamic extension movement. Clin Biomech (Bristol, Avon).
2019;65:65-72. https://doi.org/10.1016/j.clinbiomech.2019.04.002
Been E, Shefi S, Soudack M. Cervical lordosis: the effect of age
and gender. Spine J. 2017;17(6):880-888. https://doi.org/10.1016/;.
spinee.2017.02.007

La Touche R, Fernandez-de-Las-Pefias C, Fernandez-Carnero J,
Diaz-Parrefio S, Paris-Alemany A, Arendt-Nielsen L. Bilateral
mechanical-pain sensitivity over the trigeminal region in patients
with chronic mechanical neck pain. J Pain. 2010;11(3):256-263.
https://doi.org/10.1016/j.jpain.2009.07.003


https://doi.org/10.1136/bmjopen-2014-006451
https://doi.org/10.1136/bmjopen-2014-006451
https://doi.org/10.1111/j.1834-7819.2006.tb00451.x
https://doi.org/10.3233/wor-2010-0979
https://doi.org/10.3233/wor-2010-0979
https://doi.org/10.3390/jcm9030634
https://doi.org/10.1016/j.berh.2011.01.007
https://doi.org/10.1016/j.berh.2011.01.007
https://doi.org/10.3233/bmr-150508
https://doi.org/10.1016/j.berh.2011.01.019
https://doi.org/10.2519/jospt.2008.2680
https://doi.org/10.1093/pm/pnv105
https://doi.org/10.1111/ger.12117
https://doi.org/10.1016/j.jmpt.2018.11.021
https://doi.org/10.1016/j.jmpt.2018.11.021
https://doi.org/10.1016/j.archoralbio.2015.02.009
https://doi.org/10.1016/j.archoralbio.2015.02.009
https://doi.org/10.1519/jsc.0000000000001578
https://doi.org/10.1519/jsc.0000000000001578
https://doi.org/10.1631/jzus.2007.B0604
https://doi.org/10.1631/jzus.2007.B0604
https://doi.org/10.1136/jech.57.4.259
https://doi.org/10.1136/jech.57.4.259
https://doi.org/10.1016/j.pain.2011.07.005
https://doi.org/10.1016/j.pain.2011.07.005
https://doi.org/10.2519/jospt.2010.3180
https://doi.org/10.2519/jospt.2010.3180
https://doi.org/10.1159/000048937
https://doi.org/10.1016/0003-6870(87)90010-x
https://doi.org/10.1016/0003-6870(87)90010-x
https://doi.org/10.1097/AJP.0b013e318154b6ae
https://doi.org/10.13075/ijomeh.1896.00724
https://doi.org/10.13075/ijomeh.1896.00724
https://doi.org/10.1371/journal.pone.0208628
https://doi.org/10.1371/journal.pone.0208628
https://doi.org/10.1111/j.1601-5037.2007.00220.x
https://doi.org/10.1111/j.1601-5037.2007.00220.x
https://doi.org/10.1007/s00586-019-06080-4
https://doi.org/10.1007/s00586-019-06080-4
https://doi.org/10.1007/s10237-014-0607-3
https://doi.org/10.1007/s10237-014-0607-3
https://doi.org/10.1016/j.jbiomech.2018.04.047
https://doi.org/10.1016/j.jbiomech.2018.04.047
https://doi.org/10.1016/S0268-0033(00)00034-6
https://doi.org/10.1016/S0268-0033(00)00034-6
https://doi.org/10.1016/j.clinbiomech.2019.04.002
https://doi.org/10.1016/j.spinee.2017.02.007
https://doi.org/10.1016/j.spinee.2017.02.007
https://doi.org/10.1016/j.jpain.2009.07.003

ZHOU ET AL

36.

37.

38.

39.

Lauche R, Cramer H, Langhorst J, Dobos G, Gerdle B. Neck pain
intensity does not predict pressure pain hyperalgesia: re-analysis of
seven randomized controlled trials. J Rehabil Med. 2014;46(6):553-
560. https://doi.org/10.2340/16501977-1815

Johnston V, Jimmieson NL, Jull G, Souvlis T. Quantitative sen-
sory measures distinguish office workers with varying levels of
neck pain and disability. Pain. 2008;137(2):257-265. https://doi.
org/10.1016/j.pain.2007.08.037

Lopez-de-Uralde-Villanueva I, Beltran-Alacreu H, Fernandez-
Carnero J, Kindelan-Calvo P, La Touche R. Widespread pressure
pain hyperalgesia in chronic nonspecific neck pain with neuro-
pathic features: a descriptive cross-sectional study. Pain Physician.
2016;19(2):77-88.

Marini I, Bortolotti F, Bartolucci ML, Inelmen EM, Gatto MR,
Bonetti GA. Aging effect on pressure pain thresholds of head and
neck muscles. Aging Clin Exp Res. 2012;24(3):239-244. https://
doi.org/10.3275/8021

Journal of UccupatinnaI'HeaIth_Wl LEYy—L et

40. Verdu E, Ceballos D, Vilches JJ, Navarro X. Influence of aging on
peripheral nerve function and regeneration. J Peripher Nerv Syst.
2000;5(4):191-208. https://doi.org/10.1046/j.1529-8027.2000.00026.x

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section.

How to cite this article: Zhou Y, Zhou W, Aisaiti A,
et al. Dentists have a high occupational risk of neck
disorders with impact on somatosensory function and
neck mobility. J Occup Health. 2021;63:¢12269.
https://doi.org/10.1002/1348-9585.12269



https://doi.org/10.2340/16501977-1815
https://doi.org/10.1016/j.pain.2007.08.037
https://doi.org/10.1016/j.pain.2007.08.037
https://doi.org/10.3275/8021
https://doi.org/10.3275/8021
https://doi.org/10.1046/j.1529-8027.2000.00026.x
https://doi.org/10.1002/1348-9585.12269

