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Abstract

Aim: This study assessed the risk factors of undergraduate students to develop musculoskeletal
disorders (MSD) in the upper limbs, regarding gender, type of dental clinical procedure, mouth
region treated, and the four-handed dentistry practice. Methods: Dental students enrolled in the
8th semester in the Araraquara School of Dentistry, UNESP, Brazil, were photographed while
practicing 283 dental procedures. The Rapid Upper Limb Assessment (RULA) method was used
to evaluate the working postures of each student. The photographs were evaluated and a final
risk score was attributed to each analyzed procedure. The prevalence of risk factors of developing
MSD was estimated by point and by 95% confidence interval. The association between the risk
factor of developing disorders and variables of interest were assessed by the chi-square test with
a significance level of 5%. Results: The risk factors of developing MSD were high, regarding
most dental procedures performed by the undergraduate students (score 5: 7.07%, CI95%: 4.08-
10.06%; score 6: 62.54%, CI95%: 56.90-68.18%). There was no significant association between
the RULA final score and gender (p=0.559), and type of dental procedure (p=0.205), and mouth
regions by arch (p=0.110) or hemi-arch (p=0.560), and the use of four-handed dentistry (p=0.366).
Conclusions: It can be concluded that gender, type of dental clinical procedure, mouth region
treated, and practice of four-handed dentistry did not influence the risk of developing MSD in the
upper limbs among the dental students evaluated; however, they are at a high risk of developing
such disorders.
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Introduction

Due to the restricted work area, the need for manual dexterity, the long time
in a sitting position, without breaks, and the needed firmness and stability of the
hands, dentistry is a profession that requires prolonged periods of static muscle
activity, which can lead to musculoskeletal disorders (MSD)1-4.

The MSD related to this type of work activity are mainly in the upper limbs
and may result in sick leave, reduced productivity and/or having to abandon the
professional career4-6. The most common MSD in dentistry are chronic low back
pain, neck tension syndrome, trapezius myalgia, shoulder joint injury e carpal
tunnel syndrome and upper extremity tendonitis7. De Carvalho et al.8 (2001)
emphasize that dentists are among those most susceptible to develop MSD, such
as tendonitis, synovitis, tenosynovitis and bursitis.

Studies have indicated a wide variety of causative factors associated with
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MSD in dentistry. Some of these result from the physical burden
of clinical work and the psychosocial factors since the
beginning of a dentists’ academic training, or during their
undergraduate course3,5-6,9. Within the psychosocial factors one
can also highlight the lack of prospects for professional growth,
pressures at work, work-related negative influence on private
life, the need to deal with difficult people, work routine,
problems with the dental staff and work-related stress10.

However, there is little research investigating the
prevalence of MSD among dental students2-3,5,7-8,11. Therefore,
given the pressures of tertiary education and the physical
burden of clinical training, this seems to be an area that
lacks research, which needs to be explored, since the problems
may actually begin during the training period. This study
was carried out to assess the level of risk factors of MSD in
the upper limbs of undergraduate dental students by gender,
regarding gender, type of dental clinical procedure, mouth
region treated, and the four-handed dentistry practice.

Material and methods

Sample Design
This was an observational study. All students (n=75)

of both genders, enrolled in the 8th semester of the
undergraduate course at the School of Dentistry Araraquara
– UNESP were invited and agreed to participate. As sampling
unit, all clinical procedures performed by students (n=283)
were considered over a period of two months at the Integrated
Clinic twice a week. On average, 3.8 procedures were
performed per student. The study was approved by the local
Ethics Committee (protocol # 40/08).

 Recording the work postures
The work postures during the various clinical procedures

were photographed using a CANON 5.0 G5 digital camera.
In order to enable viewing the process of the body regions,
three key points were defined in a pilot study, and then
photographed in the experiment. The pilot study was based
on the definition of points to take the photographs, training
the operator and intra-examiner calibration. To define the
points in a simulated procedure, several photographs were
taken of different regions regarding the operator and the dental
chair. In order to better visualize the regions to be evaluated
by the Rapid Upper Limb Assessment (RULA) method, during
the training of the individual responsible for the photographs,
it was stipulated that the photographs should be obtained
sequentially, holding the camera at about 1.5 m. from the
ground, at the height of the eyes. For intra-examiner calibration,
10 undergraduate students were photographed during 50
clinical procedures, which were not included in the definitive
experiment. To estimate the reliability of the angular deviation
measurement by the Image-Tool software (UTHSCSA, Houston
TX, USA), the photographs were analyzed in duplicate, with a
one-week interval between assessments.

The photographs were taken by a regular dental surgeon
researcher, previously trained in the pilot study, who was

different from the professor in ergonomics. Such procedure
avoided interferences with work postures, which means that
the students were not behaving artificially while the
photographs were taken. The photographs were taken at least
10 min after the surgical procedures started, hence allowing
the students to become comfortable in their postures2.

The sequential photographic records for different parts
of the body were carried out with the photographer holding
the camera close to the eyes at a distance of about 1.5 m
from the ground, orthogonally.

Although the students had previously authorized being
photographed for the study, the idea was that photographer
would go unnoticed and without interfering in the dentist-
patient procedure. All photographs were taken and then
analyzed by the Dental Ergonomics Professor, who was
previously calibrated in the pilot study (k=0.91). The Image-
Tool software12 was used for measuring the angles of the body
regions of interest for further analysis with the RULA method.

Posture assessment method
The RULA method was used, according to McAtamney

and Corlett13 (1993). It uses a posture assessment diagram
and three score tables. When associated, such score tables
allow assessing the exposure to risk factors for developing
MSD, by using the risk scores. This method analyzes only
one side of the body and produces a final risk score for it. In
the present study, the side evaluated corresponded to the
dominant hand of the student.

In accordance with RULA, the individual’s body is
divided into two groups: A and B. Group A corresponds
to the regions of the arm, forearm and wrist, and group B
corresponds to the region of the neck, trunk and legs. For
each of these six segments, a score is issued, depending
on the observed posture. The lowest scores are related to
the positions with the least risk factors. These scores (A
and B) must be added to the scores related to the way the
assessed muscle group is used (a static posture maintained
for longer than a minute or repeated more than four times
per minute) and the load/force the muscle is subjected to
(endurance, intermittent force or load of the object being
manipulated).

It should be noted that score 1 was standardized for the
muscle and score 0 for force/load, following the
recommendations of Gandavadi, Ramsay and Burke2 (2007),
as the musculature used in dental work is static, and the
external load used does not exceed 2 kg.

According to the RULA method, the final risk scores
range from 1 to 7. Scores 1 to 2 are considered low risk, in
other words acceptable. Scores 3 to 4 represent medium
risk, pending further investigations for postural changes to
be undertaken in the long term. Scores 5 and 6 are of high
risk, requiring a prompt investigation for changes to be
made in the short term. A score 7 is considered a
significantly high risk for MSD, that is, investigations and
changes in these work postures should be performed
immediately to reduce the excessive load on the
musculoskeletal system and the individual’s risk of injury.
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* significant statistical difference, α=0.05

Gender Procedure Four-handed work Arch Quadrant

Scores Male Female 2 p

Preparatory
Restorative/
Rehabilitation

2 p Yes No 2 p Upper Lower 2 p Right Left 2 p

Group A

Upper arm

1 43 86 26 103 79 50 89 39 78 50

2 24 85 22 87 76 33 54 53 51 56

3 14 25 8 31 24 15 18 17 15 20

4 1 5 5.104 0,164 3 3 3.159 0,368 6 - 5.316 0.150 2 4 11.557 0.009* 3 3 5.924 0.115

Lower arm

1 77 194 59 212 177 94 158 106 140 124

2 5 7 0.981 0.322 - 12 3.301 0.069 8 4 0.009 0.923 5 7 1.569 0.210 7 5 0.130 0.719

Wrist

1 - - - - - - - - - -

2 - - - - - - - - - -

3 76 148 43 181 142 82 124 93 114 103

4 6 53 12.809 0.001* 16 43 1.776 0.183 43 16 1.857 0.173 39 20 1.540 0.215 33 26 0.215 0.643

Group B

Neck

1 - - - - - - - - - -

2 - - - - - - - - - -

3 21 38 14 45 34 25 26 33 24 35

4 61 163 1.586 0.208 45 179 0.375 0.540 151 73 1.975 0.160 137 80 6.974 0.008* 123 94 4.773 0.029*

Trunk

1 28 55 12 71 49 34 44 39 41 42

2 19 43 16 46 39 23 32 27 23 36

3 33 95 27 101 90 38 79 45 76 48

4 2 8 2.024 0.568 4 6 5.205 0.157 7 3 3.114 0.374 8 2 4.745 0.191 7 3 9.667 0.022*

Legs

1 49 105 41 113 105 49 92 57 80 69

2 33 96 1.327 0.249 18 111 6.829 0.009* 80 49 1.179 0.278 71 56 0.967 0.325 67 60 0.024 0.877

χ χ χ χ χ

150150150150150
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Assessing the procedures performed
A final risk score was obtained for each dental procedure

by analyzing the photographs of students performing various
clinical procedures.

The dental procedures were categorized and divided into:
“preparatory”, which are those that prepare the oral cavity
to receive the restorative/rehabilitation treatment (clinical
examination, dental scaling and polishing, endodontic
treatments, extractions and periodontal surgery), and
“restorative/rehabilitation”, which are those that restore the
lost dental tissue (sealing with resin materials or glass ionomer
cements, provisional restorations, glass ionomer cement,
amalgam and composite resin restorations) or replace lost
teeth (implant-supported dentures, fixed, removable and
complete dentures). All procedures were categorized and
divided according to guidelines adopted by the Integrated
Clinic course at the School of Dentistry of Araraquara, UNESP,
Brazil.

Statistical analysis
The prevalence of the exposure level to risk factors for

MSD in the upper limbs was estimated by point and by 95%
of confidence interval. The final score of the risk obtained by
RULA is the dependent variable, and gender, type of procedure
performed, four-handed work practice and mouth region treated
are the independent variables. The association between the
variables of interest was analyzed using the Chi-square test

(χ2). A significance level of 5% was used for all analyses.

Results

Among the 283 clinical activities, female students
performed 71.02%, and most activities were restorative/
rehabilitation procedures (60.78%), performed by the four-
handed method (65.37%) and carried out in the upper arch
(57.60%).

Table 1 shows the results of the association between the
scores assigned to the positions of body segments and the
variables of interest (gender, type of procedure, four-handed
work practice, and mouth region treated).

The body parts with less risk score were the arm and forearm,
while the wrist and neck showed the highest risk scores.

A significant association was observed between wrist
score and gender (χ2=12.809; p=0.001), with women
showing higher wrist scores. There was only significant
association between the scores ascribed to the surgical
procedure performed and the legs of the students surveyed
(χ2=6.829; p=0.009), with higher risk scores when
performing restorative/rehabilitation procedures. No
statistically significant association was observed among the
scores ascribed to all body segments and to the four-handed
procedure.

Regarding the associations with the region of the mouth
(“upper”/“lower” and “right”/“left”), the procedures performed
in the whole mouth were excluded (n=7) because they did
not allow assessing the arches (upper/lower) independently.

There were a larger number of procedures with high
neck scores when working in the upper region (χ2=6.974;

Musculoskeletal disorders in upper limbs in dental students: exposure level to risk factors

TABLE 1. Distribution of scores ascribed to the body segment postures assessed by RULA method according to the
variables of interest.
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p=0.008) and on the right side (χ2=4.773; p=0.029) of the
mouth. Regarding the arm, there was a larger number of
procedures in the upper region, when compared with the
lower region of the mouth (χ2=11.557; p=0.009). The trunk
showed a higher score, when working on the right quadrant
(χ2=9.667; p=0.022), regardless of the low or top arch.

Considering the dental procedures performed, the risk
of MSD in the upper limbs, based on the final RULA score,
were classified as medium in 13.07% (IC

95%
: 9.14-17.00%),

high in 69.61% (IC
95%

: 64.25-74.97%) and very high in
17.31% (IC

95%
: 12.90-21.72%) of the individuals assessed.

Table 2 shows the distribution of the final risk
classification of MSD, according to the variables of interest.

There was no significant association between the risk
classification and the variables of interest (gender, type of
procedure performed, four-handed work practice, and the
mouth region treated).

Discussion

The risk assessment of MSD in the upper limbs among
dentists is important due to the specificity of the work place
and the activity performed.

There are several risk assessment methods for such
disorders13-19. In this study, the RULA method was selected
for assessing the risk, since it enables a prompt and appropriate
study of the individuals’ workload, regardless of their
professional area2,20-21.

Because the body is divided into segments, according
to the RULA method, it is possible not only to obtain a final
risk score of the individual, but also to observe the body
parts that contribute to a greater or lesser intensity, in order
to obtain the individual’s final risk score. Thus, with the
accuracy of the methodology used in RULA, as well as its

reliability and validity, measured by the study of McAtamney
and Corlett13 (1993), the important contribution of the present
study for the area of ergonomics applied to dentistry is
endorsed, since there is a scarcity of studies, especially among
undergraduate dental students5,7-8.

It was found that the wrist and neck were the body parts
that had higher risk scores. This result can be explained by
the fact that the dentist works in an area that is small, dark
and difficult to access, with the patient lying in the dental
chair and the professional making movements to use several
instruments to preform procedure that require force,
extension, flexion, pronation, supination and rotation of the
wrists. All this increases the risk of MSD3,9,22-23.

Moreover, despite the patient’s proper positioning in
the dental chair and the dentist striving to maintain a neutral
and balanced posture according to the basic requirements of
an ergonomic posture4, the continuous work performed in
front of or below the dentist’s eyes leads to a slight head tilt
forward and down to have the best  viewing angle6, which is
achieved when a distance of 30 cm to 40 cm is maintained
between the operator’s eyes and the patient’s mouth4. If such
distance is reduced, there is a need for a greater inclination
of the neck forward. If this is done over a long period of
time, the cervical spine is not able to support the whole
spine and muscles of the neck. Also, the upper chest will
constantly constrict in order to bear the weight of the head
forward, hence resulting in a painful symptom pattern called
Neck Tension Syndrome6.

Regarding the high risk score observed in the wrist of
the individuals, it should be considered that despite all
technological and scientific advances, a dental  surgical
procedure is essentially manual, which can cause an overload
on the wrists. According to Fish and Morris-Allen24 (1998),
in professions such as dentistry, which require the use of
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           Final RULA score

Variable average high Very high   χ  χ  χ  χ  χ2 p

Gender

Male 3 57     12

Female 24 140     37 1.161 0.559

Procedure

Preparatory 9 38     12

Restorative/Rehabilitative 28 159     37 0.955 0.620

Four-handed work

Yes 21 129     35

No 16 68     14 2.008 0.366

Mouth region regarding arch

Whole mouth - 3     4

Upper 17 122     24

Lower 20 72     21 4.417 0.110

Mouth region regarding hemiarch

Whole mouth - 3     4

Right 17 107     23

Left 20 87     22 1.158 0.5604

TABLE 2. Classification of the risk of musculoskeletal disorders
using the RULA method according to the variables of interest.



small hand tools, the permanence of the wrist joint at rest
seems impossible because certain medical procedures require
that the wrist remains bent for a certain amount of time. This
continuous flexing of the wrist may increase the risk of
professionals to be affected by the carpal tunnel syndrome25.

Analyzing the risk of MSD in relation to gender, it was
observed that female subjects had higher wrist scores than
males (Table 1). According to Coury et al.26 (2001) men and
women may develop different movement strategies to perform
the same task as they have different body size, muscle strength
and aerobic capacity. This assertion can justify the results
obtained in this study, which raises concern. The higher load
on the wrists of female subjects, combined with a greater
number of domestic tasks26-27 and the influence of sex hormones
on the articulation26  may render this group to be more
susceptible to developing MSD in the wrist when actually
performing the profession.

Regarding the type of procedure, there was a significant
association only with the legs, with greater postural
constraints when performing restorative/rehabilitation work
(Table 1). When observing the leg risk scores, it was found
that body weight was inappropriately distributed between
the legs and feet of the operators in this type of procedure,
which can be explained by their higher mental and physical
demands when treating patients.

With regard to the four-handed work practice, there was
no significant association with the risk score of different body
parts.  An interesting fact is that Marshall et al.28 observed
that professionals working four-handed reported having more
pain than those who did not, suggesting that this type of
work was unable to prevent MSD and neurological symptoms.
However, the professionals assessed reported that they had
not been trained in four-handed work, which might have
influenced or contributed to the results obtained.

Regarding the association between the scores of body
parts and the oral cavity region to be treated, a significant
association was observed for the arm and neck scores, when
compared to the arch (upper/lower) and the neck and trunk,
in relation to the quadrant (right/left) (Table 1).

The work in the lower region presented higher arm scores,
because the students were possibly working with their
shoulders and/or elbows raised, a posture usually adopted
when they do not position the dental chair horizontally for
oral cavity procedures. Specifically in the lower arch, the
students tend to keep the backrest of the seat relative to the
seat at an angle greater than 30 degrees because they believe
that the more it is raised, the more operative space they will
be able to see. However, by raising the backrest, the patient’s
mouth ultimately is much higher than the operator’s elbows,
even with the backrest of the dental chair fully lowered. In
this situation, to have access to the operative field, the student
lifts his shoulders or elbows.

In the case of the upper arch, the student does not
position the patient with the backrest as high as he does for
the lower arch, but then the patient is not in a position where
the upper occlusal plane is perpendicular to the ground, which
is recommended for a direct view when working on the arch4.
He then needs to change his posture, and in this case, it is

not the access to the operative field that is difficult, but
rather his view. Thus, to facilitate a direct view of the arch,
he leans his neck too far out, with this inclination often
associated to the trunk.

Regarding the work quadrant (right/left), the right side
was related to higher scores in both the neck and trunk.
While it is believed that the quadrant corresponding to the
dentist’s working side, the right side, enables a more
appropriate working posture, it is a mistake in some situations,
because if the patient is not properly positioned in the dental
chair, visualization of the operative field is in fact difficult,
requiring the inclination and/or torsion of the neck and trunk.

By analyzing the results of the arch and the work
quadrant, the main factor assumed to have influenced getting
the high risk scores in some parts of the body (arms, neck
and trunk) was the patient’s inadequate positioning in the
dental chair, which rendered access and viewing difficult to
achieve. According to Valachi and Valachi4 (2003) placing
the patient in an awkward position can result in a prolonged
static muscle tension in the neck and shoulders. As a result,
the authors recommended that the patient’s positioning must
be according to the mouth region to be treated.

The risk scores assessment for each segment of the body
enabled observing the influence of specific body parts in
the final RULA score. However and additionally, getting
the final RULA score is vital, since it generally expresses
the individual’s risk to develop MSD in the upper limbs
over time2,13,20. A high percentage of procedures performed
by dental undergraduate students was observed and classified
as high risk.

There was no significant association between the final
RULA score and the variables of interest (Table 2), indicating
that the difficulties intrinsic to the dental practice can lead
to possible MSD3,9,22-23,28-29, irrespective of the nature of work
performed.

Another fact worth mentioning is that the wrong posture
adopted by students during the course may perpetuate and
worsen over time, especially when they later work as dentists5.
Moreover, during their activities, while the undergraduate
students might be subject to all kinds of discomforts, many
health problems will only become apparent over time.
Unfortunately, during their undergraduate course, they are
more concerned with the procedure they are performing than
with how they are performing it.

One should also consider that although these students,
still in their pre-clinical life, are educated and instructed to
work in the different regions of the oral cavity using
ergonomic postures, with the patient and equipment properly
placed, their postures may be influenced by harmful habits
acquired from different experiences, not always based on
the ergonomics requirements30.

This way, studies that analyze early on the prevalence
and progression of MSD in dental students are truly needed,
because the methods the students use to acquire manual
dexterity in the first years of dental school can influence
how these disorders will be developed and continued in the
future11.
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In conclusion, in the analysis of the different body
segments and the variables of interest, there was significant
association only between gender and wrist, between type of
procedure and legs, and between treated mouth region, arm,
neck and trunk. For most procedures performed by the
undergraduate students, the final risk score using the RULA
method was classified as high, with no significant association
between them and the gender, type of procedure performed,
four-handed work practice and treated mouth region.
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