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Objectives: This study aimed to provide information about dentists’ body posture on a con-

ventional chair vs. a saddle-seat chair while performing dental procedures. Information was 

obtained using inertial motion sensors.

Methods: Twenty-four dentists performed a Class I cavity in the upper right and left first 

molars and lower right and left first molars. Nineteen dentists worked on a conventional 

chair (Group I), and five on a saddle-seat chair (Group II). Kinematic measurements of the 

whole body were registered using Xsens® MVN BIOMECH.

Results: Both groups worked with a pronounced forward head position. Lateral flexion of 

the head was similar between groups, and head rotation was more evident in Group II. Re-

garding trunk position, Group II showed less forward leaning and lateral flexion than Group 

I. Arm elevation of both the left and right arms was more pronounced in Group I during all 

dental tasks. However, Group I showed better left-hand posture. Anterior rotation of the 

pelvis was most evident while working on the lower jaw in Group II.

Conclusions: This study suggests that the saddle seat improves the working posture regard-

ing pelvis rotation, arm elevation, and trunk flexion. Further studies should include objective 

measurements of the dentists’ posture during dental work using different dental equipment, 

to understand the role of ergonomics in dentistry.
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r e s u m o

Estudo biomecânico da postura do médico dentista utilizando um banco 
convencional versus banco em sela

Palavras-chave:

Dentista

Ergonomia

Postura

Objetivos: O objetivo deste estudo é obter informação postural dos segmentos corporais do 

médico dentista, enquanto trabalha numa cadeira convencional vs cadeira ergonómica, 

através de sensores de movimento.

Métodos: Vinte e quatro dentistas realizaram uma cavidade tipo I (oclusal) no primeiro mo-

lar de cada quadrante dentário. Dezanove dentistas trabalharam numa cadeira convencional 

(Grupo I) e cinco dentistas numa cadeira ergonómica (Grupo II). Com recurso aos sensores 

Xsens® MVN BIOMECH registou-se as posições de cada participante.

Resultados: Os dois grupos trabalharam com excessiva flexão anterior da cabeça. A flexão 

lateral foi similar entre grupos e a rotação foi mais evidente no Grupo II. O Grupo II apre-

sentou menores valores de flexão anterior e lateral do tronco. No Grupo I a elevação de 

ambos os braços foi mais evidente durante todas as tarefas. No entanto o Grupo I apresen-

tou melhor postura da mão esquerda comparada com o Grupo II. Rotação anterior da pélvis 

foi mais evidente no Grupo II durante o trabalho no maxilar inferior.

Conclusões: Este estudo sugere que o banco em sela melhora a postura do médico dentista 

no que diz respeito à rotação da pélvis, elevação dos braços e flexão do tronco. Investigações 

futuras devem incluir medidas objetivas da postura do dentista durante a atividade clínica 

com recurso a diferentes equipamentos dentários, no sentido de compreender o papel da 

ergonomia na medicina dentária.

© 2017 Sociedade Portuguesa de Estomatologia e Medicina Dentária.  

Publicado por SPEMD. Este é um artigo Open Access sob uma licença CC BY-NC-ND 

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The dental profession is considered a high‑risk job for mus-
culoskeletal disorders, as dentists frequently adopt awkward 
body postures that can have serious consequences on their 
health.1,2 The standing and sitting postures and the bending 
and rotation of the trunk may cause these disorders when 
there is an excessive strain or compression of the tissues.3‑7

Different authors have shown that, during clinical activity, 
dentists bend their head anteriorly and laterally repetitively 
over long periods. This combination of movements creates a 
higher strain on the cervical spine than the anterior twist 
alone and is a risk factor for neck lesions.8‑10 Also, a posture 
that includes bending of the upper body, lateral twist, and ro-
tation, associated with prolonged and fixed tasks is a predis-
posing factor for lower back symptoms.11 Several studies in 
dentistry have investigated physical workload on the neck, 
shoulders, and arms,7‑9,12 as well as wrists/hands8,13‑15 during 
clinical activity.

Through ergonomics, dentists can modify and optimise 
their workspace, thus improving the work tasks. Ergonomic 
saddle seats are available in the market, and manufacturers 
claim they induce the adoption of a healthier posture. With a 
saddle seat, the pelvis rotates anteriorly, and the lumbar spine 
adopts the correct curvature, which decreases the risk of mus-
culoskeletal problems while the dentist works.16 Some authors 
suggested that adjustable chairs that reduce flexion of the hips 

and promote a better lumbar spine posture are associated with 
less muscular tension.17 It is important to take ergonomics into 
consideration to maintain the ability and efficacy of the health 
care professional, which will improve patient care.18

The aim of this study is to compare dentists’ whole‑body 
posture when using a conventional seat chair versus a saddle
‑seat chair while performing a previously defined dental work, 
based on information obtained using wireless inertial motion 
sensors. The null hypothesis to be tested was as follows: there 
are no differences between a conventional seat chair and a 
saddle‑seat chair in terms of dentists’ posture during dental 
work.

Materials and methods

The study was outlined according to the established legal 
norms (Helsinki Declaration; Additional Protocol to the Con-
vention on Human Rights and Biomedicine – Strasbourg 2005; 
Law No. 12/2005) and was approved by the Faculty of Engi-
neering of the University of Porto (Portugal).

Twenty‑four volunteer dentists were included after in-
formed, written consent. The dentists who worked on a con-
ventional chair (KaVo, Germany) (Figure 1) were included in 
Group I (n=19), and the dentists who worked on a saddle‑seat 
chair (Salli, Finland) (Figure 2) were included in Group II (n=5). 
The subjects’ ages ranged between 25 and 59 years old. The 
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study was performed at a dental clinic equipped with dental 
phantom heads (KaVo, Germany), in Porto.

Every participant performed four dental tasks on a reclining 
dental phantom head (KaVo, Germany), as depicted in Figure 3. 
The task selected for this study is the most common dental 
procedure and is representative of general dentistry practice. 
It consisted of a preparation of a tooth cavity: Class I cavity in 
the upper right (1st quadrant) and left (2nd quadrant) first mo-
lars and lower right (4th quadrant) and left (3rd quadrant) first 
molars. This procedure involves removing all defective occlu-
sal pits and fissures from a tooth’s occlusal surface.

The dentists’ posture and movements were assessed using 
Xsens® MVN BIOMECH (Xsens Technologies BV, Enschede, 
Netherlands), which is a full‑body inertial kinematic measure-
ment system that comprises 17 sensors and integrates 3D lin-
ear accelerometers, 3D gyroscopes, and 3D magnetometers. 
These inertial units were attached to the subject’s body using 
mounting straps. The units were placed, according to the man-
ufacturer’s specifications, on the head (using a headband), on 
the 8th thoracic vertebra, on the pelvis, and on both shoulders, 
upper arms, forearms, hands (using gloves), upper legs, lower 
legs, and feet.

A calibration procedure was performed on each subject, in 
a magnetically‑sound environment, before data acquisition. 
The reference position was N‑Pose, defined by standing up-
right on a horizontal surface with face forward, parallel feet 
with one‑foot width apart, knees above feet, hips above knees, 
straight back, shoulders above hips, straight arms alongside 
the body (vertically), and thumbs forward. The movement pa-
rameters were sampled at 120 HZ.

Every participant performed a Class I cavity preparation on 
the first molar of each dental quadrant (Group I and II), and 
the four tasks were observed. For further analysis, the most 
representative posture during dental work was selected, and 

the joint angles of the head, shoulders, elbows, wrists, trunk, 
pelvis, hips, and knees were registered for each dental task 
within both groups.

Data was analysed using Visual 3D TM (C‑Motion, Inc., 
Rockville, MD, USA), Microsoft Excel for Mac 2011 (Albuquer-
que, NM, USA), and IBM SPSS Statistics version 21 (Chicago, 
Illinois, USA). Due to the small sample size, the statistical anal-
ysis was based on non‑parametric tests. For all measures, 
comparisons were performed between the conventional seat 
and the saddle seat, for the four tasks, using the Wilcoxon 
rank‑sum test. All comparisons were two‑tailed, and the sig-
nificance level was set at 5% (p < 0.05).

Results

Dentists tended to adopt a pronounced forward‑tilted head 
position. In both groups, in all four tasks, a high degree of 
forward head bending was detected (conventional chair, 47.9º; 
ergonomic chair, 47.2º). Regarding head rotation, dentists in a 
saddle seat tended to rotate the head to a higher degree than 
dentists in a conventional seat, but with no statistically sig-
nificant differences.

Lateral flexion of the head while working on the upper 
right side of the jaw was similar between groups, with every 
subject bending more than 25º to the right during this task. 
Work on the lower right side of the jaw also showed the same 
results between groups, with the head bending approximate-
ly 10º to the left side (Table 1).

A 16º difference between groups was identified during 
work on the upper left side of the jaw. In this task, lateral 
flexion to the right side was more evident while working on 
a conventional seat than on a saddle seat. On the other 
hand, dentists on a saddle seat were more prone to bend 

Figure 1. Conventional chair Figure 2. Saddle‑seat chair. Figure 3. Dentist working on a 
reclining dental phantom head.
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Table 3. Wrist posture with a conventional seat and an ergonomic seat during dental work.

Movement Chair

Work on upper 
right jaw

(1st quadrant)

Work on upper  
left jaw

(2nd quadrant)

Work on lower  
left jaw

(3rd quadrant)

Work on lower  
right jaw

(4th quadrant)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Right wrist
Dorsiflexion/
Palmar flexion*

Conventional (n=19)
Ergonomic (n=5)

30.2 (12.3)
24.3 (8.4)

35.4 (12.3)
32.1 (7.8)

26.8 (8.9)
24.5 (9.2)

14.1 (14.8)
21.4 (10.6)

Right wrist
Ulnar deviation/
Radial deviation**

Conventional (n=19)
Ergonomic (n=5)

‑25.7 (14.4)
‑17.1 (11.5)

‑20.7 (15.6)
‑18.1 (14.5)

‑17.6 (14.8)
‑21.4 (17.7)

‑12.9 (15.0)
‑10.7 (8.7)

Left wrist
Dorsiflexion/
Palmar flexion*

Conventional (n=19)
Ergonomic (n=5)

7.3 (10.4)
15.9 (6.7)

‑0.7 (9.3)
20.0 (8.3)

1.5 (11.2)
16.0 (9.4)

12.4 (13.7)
22.5 (10.7)

Left wrist
Ulnar deviation/
Radial deviation**

Conventional (n=19)
Ergonomic (n=5)

‑20.2 (19.2)
‑15.3 (17.4)

‑8.1 (10.4)
‑11.4 (4.6)

‑1.5 (16.4)
‑8.1 (5.9)

‑19.2 (19.8)
‑14.1 (19.0)

* Positive angles represent dorsiflexion and negative angles represent palmar flexion
** Positive angles represent ulnar deviation and negative angles represent radial deviation.

Table 2. Arm posture with a conventional seat and an ergonomic seat during dental work.

Movement Chair

Work on upper 
right jaw

(1st quadrant)

Work on upper  
left jaw

(2nd quadrant)

Work on lower  
left jaw

(3rd quadrant)

Work on lower  
right jaw

(4th quadrant)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Right shoulder
Flexion/extension*

Conventional (n=19)
Ergonomic (n=5)

19.7 (8.6)
15.5 (9.2)

21.1 (8.3)
20.0 (5.6)

16.3 (7.9)
20.2 (6.5)

19.1 (10.1)
16.2 (6.1)

Right shoulder
Abduction/adduction**

Conventional (n=19)
Ergonomic (n=5)

5.6 (7.0)
4.9 (1.6)

3.9 (5.3)
2.0 (5.0)

8.4 (5.7)
1.2 (4.9)

15.4 (10.7)
3.7 (5.6)

Left shoulder
Flexion/extension*

Conventional (n=19)
Ergonomic (n=5)

5.7 (9.9)
6.6 (9.0)

17.6 (9.9)
11.5 (6.1)

36.2 (7.6)
24.4 (7.8)

21.3 (10.1)
17.7 (5.4)

Left shoulder
Abduction/adduction**

Conventional (n=19)
Ergonomic (n=5)

12.3 (13.3)
9.7 (11.7)

19.7 (11.9)
11.8 (10.4)

20.1 (10.3)
11.9 (10.0)

9.8 (8.8)
10.1 (10.3)

* Positive angles represent flexion and negative angles represent extension.
** Positive angles represent abduction and negative angles represent adduction.

Table 1. Head posture with a conventional seat and an ergonomic seat during dental work.

Movement Chair

Work on upper 
right jaw

(1st quadrant)

Work on upper  
left jaw

(2nd quadrant)

Work on lower  
left jaw

(3rd quadrant)

Work on lower  
right jaw

(4th quadrant)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Head
Flexion/extension*

Conventional (n=19)
Ergonomic (n=5)

48.4 (8.1)
49.6 (8.9)

44.3 (9.0)
46.5 (11.8)

47.3 (7.1)
44.8 (10.1)

51.5 (7.6)
48.0 (6.7)

Head
Lateral flexion**

Conventional (n=19)
Ergonomic (n=5)

28.0 (14.0)
26.4 (15.8)

34.7 (14.1)
18.3 (17.7)

‑2.5 (10.5)
‑18.0 (6.5)

‑11.8 (18.6)
‑10.8 (21.2)

Head
Rotation**

Conventional (n=19)
Ergonomic (n=5)

6.9 (10.8)
19.2 (15.3)

6.7 (9.8)
3.9 (9.2)

‑3.8 (7.8)
‑14.0 (6.7)

‑7.1 (15.5)
‑6.4 (20.2)

* Positive angles represent head flexion and negative angles represent head extension.
** Positive angles represent right side and negative angles represent left side.
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the head to the left side while working on the lower left side 
of the jaw, when compared to dentists on a conventional 
seat. However, no statistical differences were found between 
groups.

Considering the trunk, subjects on an ergonomic chair 
showed less trunk flexion while working on the lower jaw. 
Lateral flexion of the trunk was most evident with a conven-
tional seat chair. Work on the lower left jaw showed high
‑degree lateral flexion and trunk rotation to the right side in 
dentists on a conventional seat. There were no statistically 
significant differences between the groups regarding trunk 
position.

In the present study, significant statistical differences were 
identified between conventional and ergonomic seats con-
cerning the upper arms working position. The right shoulder 
was more abducted in Group I than in Group II (p<0.05). This 
difference was quite evident while working on the lower jaw. 
Right upper‑arm flexion was similar between groups (Table 2). 
In all four tasks, right elbow joint angles were similar between 
groups.

The left shoulder was more abducted in Group I, especial-
ly while working on the left side of the mouth, with an 8º 
difference between groups. Left upper‑arm flexion was most 
evident in Group I. The main differences were observed when 
the dentists performed on the left side of the mouth. Signifi-
cant differences were found in left elbow flexion, which was 
more pronounced with an ergonomic seat (p<0.05) during 
treatment in all dental quadrants.

In this study, dentists showed more evident radial devia-
tion and dorsiflexion in the right wrist than in the left wrist, 
during work. Differences were found between both seats (Ta-
ble 3). Group I showed higher values of radial deviation and 
dorsiflexion of the right wrist than Group II, while working 
on the upper jaw. Dorsiflexion of the left wrist was statisti-
cally higher in the ergonomic seat group, with a difference of 

20º when working on the 2nd quadrant (p<0.05) and a differ-
ence of 14º when working on the 3rd quadrant (p<0.05). In a 
general way, radial deviation of the left wrist was more evi-
dent in Group II.

Regarding the pelvis, two movements were studied: for-
ward/backward rotation, which was described as anteversion/
retroversion, and left and right elevation. Both groups lifted 
the pelvis to the left side while working on the upper jaw and 
to the right side while working on the lower jaw (Table 4). Re-
garding anteversion/retroversion, the dentists seated on an 
ergonomic seat showed more anteversion than the dentists on 
a conventional seat, while working on the lower jaw. Work on 
the upper jaw was similar between groups. No statistical dif-
ferences were found between groups.

Dentists working on a saddle seat showed less hip flexion. 
There were statistically significant differences between groups 
in both hip joint positions (p<0.05). Both groups flexed more 
the left hip than the right hip (Table 4), which could be ex-
plained by the use of the pedal, mostly performed with the left 
foot. No major differences were found in knee joint flexion in 
both groups.

Discussion

The results obtained in this study confirm that dental work is 
associated with excessive neck flexion and cervical rotation. 
This finding is in accordance with other authors, who report-
ed head bending between 17º and 39º in a group of dentists.8 

Previous studies found that dentists worked with a forward 
head position, but not so pronounced as these results 
showed.5,10 Silva et al., in a preliminary study with the same 
method and Xsens technology, reported a neck flexion of 19º 
for all dental tasks.19 Although other studies8,10,19 showed 
lower values of lateral head flexion, this study revealed an 

Table 4. Pelvis and hip posture with a conventional seat and an ergonomic seat during dental work.

Movement Chair

Work on upper 
right jaw

(1st quadrant)

Work on upper  
left jaw

(2nd quadrant)

Work on lower  
left jaw

(3rd quadrant)

Work on lower  
right jaw

(4th quadrant)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Pelvis
Right elevation/
left elevation*

Conventional (n=19) ‑3.4 (3.9) ‑3.1 (3.8) 3.7 (2.8) 1.7 (3.7)

Ergonomic (n=5) ‑3.1 (1.4) ‑2.1 (2.3) 1.5 (2.0) 1.5 (2.4)

Pelvis
Anteversion/
retroversion**

Conventional (n=19) ‑1.0 (6.0) ‑0.3 (5.1) ‑1.1 (5.1) ‑4.8 (6.1)

Ergonomic (n=5) ‑1.0 (3.7) ‑0.6 (4.9) 1.5 (4.5) ‑0.9 (4.4)

Right hip
Flexion/extension***

Conventional (n=19) 55.4 (10.9) 55.2 (10.4) 50.7 (12.4) 49.3 (11.0)

Ergonomic (n=5) 43.4 (12.9) 40.9 (9.5) 37.7 (9.2) 39.6 (11.4)

Left hip
Flexion/extension***

Conventional (n=19) 65.8 (9.6) 65.9 (9.3) 67.5 (9.7) 66.7 (12.2)

Ergonomic (n=5) 50.1 (9.3) 51.7 (7.5) 54.9 (12.2) 50.4 (9.5)

* Positive angles represent right elevation and negative angles represent left elevation.
** Positive angles represent anteversion and negative angles represent retroversion.
*** Positive angles represent flexion and negative represent extension.
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excessive head bent position in all four dental tasks while us-
ing the conventional and ergonomic seats. However no major 
differences were found in head flexion between the two 
chairs evaluated. Considering head rotation, dentists who 
worked on a saddle seat were more likely to rotate their head 
compared to dentists on a conventional seat. Even though no 
significant statistical differences were found, the ergonomic 
saddle seat seems to provide a better trunk position, with less 
forward and lateral flexion of the neck when compared to the 
conventional seat.

Previous studies in dentists10 and dental hygienists20 re-
ported a high upper‑arm elevation, which is consistent with 
this study’s results. In the present study, dentists who worked 
on ergonomic chairs showed less arm flexion and abduction 
in both the left and right arm. Arm elevation should be reduced 
during dental work to prevent muscular injuries and upper
‑arm symptoms.

Some authors found that the right hand was in a more 
dorsiflexed and deviated position than the left hand, in a 
group of female dentists.8 Other authors found similar re-
sults in a group of dental hygienists.20 In the present study, 
major statistical differences were identified between the 
right and the left hands, during all four dental procedures. 
In both groups, the right hand was held in a more dorsiflexed 
position and more deviated to the radial side than the left 
one. This finding is consistent with the work of right‑handed 
dentists, as they use the left hand to ensure the visibility of 
the operating field and the right hand to execute the treat-
ment. This study revealed that dentists who used a conven-
tional seat when working on both the upper and lower jaw 
of the dental phantom head had better left‑wrist posture 
than dentists who used an ergonomic seat. Some authors 

studied the effects of wrist posture on carpal tunnel pres-
sure, and reported that this increases with postural devia-
tions from the neutral position of the wrist. It is recommend-
ed that dentists avoid extreme wrist postures associated 
with static work.21

Others studied lumbar posture in three different dental 
chairs during a dental task, and showed that the pelvis was in 
a more flexed position on a conventional seat compared with 
a saddle seat.22 This study revealed similar results when den-
tists were working on the lower jaw. The use of a saddle seat 
results in a more lordotic posture due to the anteversion of the 
pelvis.

Regarding hip flexion, it was more pronounced with a con-
ventional seat than with an ergonomic seat. These findings are 
in accordance with a saddle‑seat posture. Pynt defines an op-
timal sitting posture as a tilted anterior pelvis and hips with 
at least 60º of flexion, resulting in lordosis of the lumbar spine, 
which is recommended to maintain a healthy posture and to 
prevent lower back pain.23

In a general way, considering that the data were derived 
from the most representative dental work position, the results 
are consistent with other studies in dentistry.5,8,10,20 However, 
the reduced number of volunteers working on a saddle‑seat 
chair was a major limitation of this study. Despite the revealing 
differences found between groups, the small sample size is a 
concern and, therefore, the results should be carefully inter-
preted while further studies are conducted.

Conclusions

A saddle seat seems to promote a healthy posture, regarding 
maintenance of lumbar lordosis, which is associated with 
lower disc pressure. Also, this study suggests that a saddle 
seat provides less physical workload to the arms and trunk 
during dental work.

Dentists need instruction and training on ergonomic prin-
ciples, as well as more functional dental equipment. As a pre-
ventive measure, students should also be instructed to work 
with an ergonomic position and acquire good postural habits 
from the beginning of their career. Therefore, it is crucial to 
obtain objective data from a kinematic study of the dentists’ 
clinical activity using various dental ergonomic equipment.

Further studies are required to understand the role of er-
gonomics in dentistry and to confirm if the saddle‑seat chair 
or another ergonomic equipment improves the dentists’ body 
posture during dental work.
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