
Applied Human Factors and Ergonomics International

Ergonomic Analysis of Dental Equipment

Eliel Soares Orenha a, Wilson Galvão Naressi a,  Suely Carvalho Mutti  Naressi a, Symone Cristina
Teixeira a, Enzo Rosetti a, Natalia Miguel a, Angélica Cristiane Bulio Soares b

and Marcelo de Castro Meneghim b

aDepartment of Social and Infantile Clinic
Univ. Est. Paulista – UNESP

São José dos Campos, SP, BRAZIL

bDepartment of Social Dentistry
University of Campinas - UNICAMP

Piracicaba, SP, BRAZIL

ABSTRACT

This study proposes to evaluate the ergonomic aspects of dental equipments. Based on the requirements proposed by
ISO/FDI, on the existing literature and related researches an evaluating system was devised. Thirty nine dental
clinics  were  examined using 165 points-system proposed,  distributed in  12 criteria.  None of  the dental  clinics
examined showed a bad ergonomics level, 41% were good and 59% reached excellent levels. The point-supported
evaluation system proposed is effective in the analysis of the ergonomic conditions of dental equipments, allowing a
quantification  of  their  characteristics.  Using  this  system,  the  dentist  can  also  know  the  level  of  ergonomic
satisfaction  existing  in  his  equipment,  and  indentify  the  conditions to  be  improved.  It  was  concluded  that  the
equipment  belonging  to  dental  workplaces  evaluated  had  excellent  level  of  compliance,  however  corrective
measures are needed since even the presence of a few non-conforming items is a sufficient condition to cause injury
to users, decreased efficiency and comfort and loss quality of service.
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INTRODUCTION

Among the various features of an establishment of dental ergonomic factors are considered decisive to enhance the
efficiency, productivity and comfort (Lino, 1972; Eleutério et al., 1985; Barros, 1991; Frazão et al., 1996; Castro
and  Porto,  1997;  Orenha  et  al,  1998).  The  effective  application  of  ergonomic  criteria  enables  better  mutual
adaptation between working environment and employees, creates conditions that contribute to improving quality of
service while that enhance the quality of work life, satisfaction and motivation (Rising, et al., 2005).

The development and implementation of checklists have proved an effective method of evaluation in different areas
of knowledge.  In  the area  of  human resource  management  the checklists  show efficient  and effective.  Rock  [9]

proposed  a  checklist  as  a  method of  assigning  points  to  establish the  remuneration  to  different  positions in  a
company. These systems are considered the critical factors and sub-factors to assign levels of importance to the
positions so that the score achieved corresponds to a certain level of salary.

The World Health Organization (WHO, 1986) proposed a checklist as a method of quantification of health problems
for  prioritization of  attention.  This  method assigns weights  and values  for  each  criterion  and the  result  of  the
calculation establishing a list of priority attention to diseases. Guedes (1972) studied the evolution of health status
between the administrative regions of São Paulo in the period from 1950 to 1970 used a method of assigning points
to quantify the level of priority attention to the disease in each region and thereby establish which regions had higher
care needs .
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In dentistry, the Center for Health Surveillance (SES 1999) developed and applied a scoring system to endorse the
hygiene and organization of dental offices. This method is used to determine the level of safety and quality of care
that the property offers. This score allows the classification of the property in two (2) categories: high risk (0-70
points) and low risk (71-100 points).

Orenha et al. (1998) evaluated the role of professionals in public dental service and found a need to draw up a
checklist  that was able to prove with precision and accuracy ergonomic conditions of the rooms of dental care
equipment and employees.

Hokwerda  et  al.  (2002  and  2009)  conducted  a  study to  assess  the  posture  adopted  by  dentists  in  1250 while
performing dental procedures. The authors concluded that the ineffective application of ergonomic requirements,
partly by lack of knowledge of professional and part for non-conformity of the equipment they use resulted in high
percentages  of  deviations  from  the  healthy  working  posture.  The  authors  observed  the  following  ergonomic
deficiencies practiced by professionals:

* 89 % have adopted excessive bending the head forward, exceeding the limit considered healthy 20-25 º;
* 61 % have adopted rotation combined with a strong neck forward flexion;
* 63 % demonstrate trunk flexion exceeding 20 °, considered healthy limit;
* 36 % work with the rotated neck combined with a twist of the spine;
* 35 % keep their forearms elevated beyond 20 °, considered healthy limit;
* 32 % keep their arms at greater than 25 degrees above the horizontal line angle limit considered healthy;
* 25 % work with his hands resting improperly;
* 47 % did not correctly handle the instruments;
* 20 % demonstrate a strong wrist flexion;
* 65 % work with stool whose backrest provides incorrect support;
*  75 % of working professionals  without  the patient's  head  is  positioned symmetrically  opposite  to  them, not
watching the ergonomic principle that the patient's mouth should be positioned at 40 cm of their eyes, positioned
just forward of the line thorax professional, being the professional sitting in an upright, symmetrical and balanced
posture ;
* 32 % work with feet and legs farther than necessary the dental chair;
* 55 % work sitting for more than 7 hours per day;
* 75 % work with incorrect lighting and light distribution outside the box.

Another study by Rising et al. (2005) at the University of San Francisco showed that over 70 % of dental students
reported pain by the third year of college and this percentage gradually increases from first to fourth year.  The
authors concluded that the teaching of ergonomics should be better prepared and worked during graduation.

The adoption of poor posture by dentists occurs due to lack of conformity of ergonomic equipment and instruments,
whose conception and design need further  adaptation to the anatomical  and physiological  characteristics  of  the
operators. Concomitantly, it appears that the dentist is more concerned with "what” is doing the "how” is doing. The
literature shows that recently new concepts for the design of dental equipment were developed based on anatomical
and physiological characteristics of the dentist, which are not yet sediment in the manufacturing sector and their
design (Hokwerda et al., 2007; Delleman et al., 2004; ISO, 2000).   Recent studies reveal high incidence of WRMD
for dentists and staff (Leggat et al., 2007). In some regions of Brazil about 30 % of professionals retire prematurely.
This has resulted in losses to the health of staff, loss of quality of life and strong financial impact for professionals
and for the economy as a whole. Thus, this study aims to develop and implement a checklist able to assess the
degree of compliance of ergonomic equipment for employees performing dental care and offer dentists a method
that  assists in the selection of equipment  that  allow them to work from healthy way .  Additionally,  this study
provides  equipment manufacturers  current  and useful  information so that  they can deploy new concepts  in the
design and manufacture of their products, thereby contributing to the improvement of equipment.
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MATERIALS AND METHODS

This study was approved by the Institute of Science and Technology of São José dos Campos - Research Ethics
Committee - UNESP process. 11851812.7.0000.0077, according to Resolution 196/96 of the Ministry of Health is a
study of the epidemiological, observational, cross-sectional and included equipment belonging to the jobs of 39
Basic Health Units in São José dos Campos / SP. 

A scoring system containing 165 ergonomic requirements was developed and implemented, distributed according to 
Table 1. The evaluation and data collection were performed through videos and photos of 39 places, by an 
experienced examiner.

Table 1- List of Number of Components and Requirements

Evaluated equipment Number of Requirements
Dental chair 17
Stool 16
Unit 16
High Speed 12
Low Speed 10
Triple syringe 4
Reflector 21
Auxiliary unit 15
Cabinet 16
Auxiliary table 7
Curing Light 13
Amalgamator 18

Total 165

Each condition was assessed with one of the following criteria:

0 – NON COMPLIANCE. When the estimated requirement is not presented in accordance;

1 - COMPLIANCE. When the estimated requirement presents itself accordingly.

     2 - NOT APPLICABLE. When the requirement is not applicable to this specific workplace.

The final score was obtained by applying the following formula:

PB = (TS x 100) / (K - TNA), where:

TS = Sum of observed points.

K = maximum number of expected points.

TNA = Sum of not applicable items.

The classification of each studied conditions was performed as described Table 2.

Table 2- Level of satisfaction of ergonomic equipment according to the achieved score

Level of satisfaction Percentual

Excellent > 80%

Good 60 – 79

Regular 40 – 59

Bad 20 – 39

Too bad < 20
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The  tabulation  of  data  was  performed  using  Excel  proceeding  to  descriptive  statistical  analysis  with
Confidence level set at 95%.

RESULTS AND DISCUSSION

The literature revealed the importance of applying the principles of ergonomics and rationalization of work so as to
achieve a perfect fit and harmony of the environment (Porto, 1994; Dias et al., 2007; Hokwerda, 2008; Naressi et al.,
2013; Orenha et al., 2013). The ergonomics of the equipment needed to dental care is important to ensure healthy
conditions at work and fundamental to achieving high levels of quality and efficiency in the provision of dental care.

Analyzing the results according to local 80% of them had excellent level of satisfaction (Table 3). In 59% of the
sites, which equates to 23 health units, we found the level of conformity between 81-90% and 41% of locations,
which equates to 16 units, the compliance level were between 71-80% (table 4).

Table 3- Analysis of ergonomic conformity by location

Average 80,00
Standard error 0,21
Standard deviation 1,29
Sample variance 1,67
Minimum 74,84
Maximum 80,50
Confidence level (95.0%) 0,42

Table 4- Frequency of sites according to the percentage of conformity

%  Compliance Rate Frequency %

0-10
Too bad

0 0,0

11-20 0 0,0

21-30
Bad

0 0,0

31-40 0 0,0

41-50
Regular

0 0,0

51-60 0 0,0

61-70
Good

0 0,0

71-80 16 41,0

81-90
Excellent

23 59,0

91-100 0 0,0

Total 39 100,0

By  another  perspective,  when  analyzing  the  results  against  applicable  only  to  items  we  found  high  level  of
conformity, and the average was 90.08% (Table 5).

Analyzing the frequency percentage by class conformity found to 9 items showed compliance level between 0-10%,
5 between 81-90 and 123 between 91-100 % (Table 6). Therefore, the vast majority of applicable items showed high
of conformity and few (9 items) with low conformity, suggesting that it is relatively simple to implement corrective
measures. 

Table 5- Analysis of percentage of conformity per item
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Percentage of Compliance, per item
Average 90,08
Standard error 2,06
Standard deviation 24,09
Sample variance 580,39
Minimum 0,00
Confidence level (95.0%) 4,07

Table 6- Frequency distribution of the applicable items for class

% Compliance N %
0-10 9 6,57

11-20 0 0,00
21-30 0 0,00
31-40 0 0,00
41-50 0 0,00
51-60 0 0,00
61-70 0 0,00
71-80 0 0,00
81-90 5 3,65
91-100 123 89,78
Total 137 100

A critical analysis of 378 items considered nonconforming reveals that they focus on only 27 requirements (Table
7), and 8 of these (Table 7: items 291, 293, 299, 345, 363, 372, 378, 384) are is non-compliant in 39 units. 

Figure  1  shows the  percentage  distribution of  the  applicable  conforming and  nonconforming items.  Since  166
requirements  were  evaluated  in  39  sites  total  data  evaluated  was  6474,  with  5343 and  1131 were  considered
applicable  not  applicable.  Of  applicable  items,  93%  (4965  items)  conform  and  only  7% (378  items)  are  not
compliant. 

The scoring  system used  for  classification  of  dental  care  rooms proved to  be  efficient  in  the  general  housing
conditions.  The  differences  in  equipment  belonging  to  each  site  were  represented  numerically  and  level  of
ergonomic satisfaction was evaluated efficiently.

In most places there was a predominance of a standard type of equipment which carries little difference between the 
levels of conformity among the analyzed workplaces. In much of the equipment, some characteristics that contribute
to harmony and aesthetic balance were not present. The aforementioned factors are responsible for the perception of 
quality of care for the patient, according to Castro (1997). 
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Table 7- Percentage of non-compliance in accordance with the items.

Item Description % Local
Dental patient's chair (1.6%)

272 Seat and back with design according ESDE 0,5 2
273 Seat and back with proper width 0,3 1
274 Seat and backrest with adequate thickness 0,3 1
276 Coating and filler to facilitate cleaning 0,5 2

Stool or Chair of Dental Surgeon (20.9%)
291 Backrest and seat allow stabilization of the pelvis * 10,3 39*
292 Impossible unintentional handling of tuning the stool 0,3 1
293 Allow working with min 110 ° angle at the knees * 10,3 39*

Unit (10,3%)
299 Display vertical / horizontal mobility (semi-mobile unit) * 10,3 39*

Reflector (11%)
345 Allow drive with your feet (reflector) * 10,1 38
355 External parties who may resist the disinfection process 0,3 1
358 Ergonomic handles that facilitate cleaning and disinfecting 0,3 1
359 Lighting level between 8000-30000 lux 0,3 1

Auxiliary unit (20.9%)
362 Display Removable bowl for material that facilitates cleaning 0,3 1
363 Owning 2 suckers, and triple syringe * 10,3 39*
372 Owning side opening on 90th * 10,3 39*

Dental Cabinet or Cabinet (22.7%)
377 Be located within the auxiliary area 0,5 2
378 Opening and closing of drawers by touch 10,3 39*
379 Owning surface smooth finish 0,3 1
384 Drive system of taps without touching them 10,3 39*
386 Not show deterioration or warping surface 0,5 2
387 No noise present at the opening of doors and drawers 0,5 2
388 Show rounded corners and edges 0,3 1

Auxiliary table for Support of Clinical Tray (10,9%)
395 Opening and closing of drawers by touch 10,3 39*
397 Be positioned in a place that respects the ideal desktop 0,3 1
398 Have adequate height 0,3 1

Curing Light (1,9%)
423 Protectors filters 1,6 6
431 Easy handling, picked up and put back in easily support 0,3 1

* - Not according in all locations

Figure 1- Distribution of applicable items to the Nonconforming item detail
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Although few items do not comply and the percentage of compliance is high, corrective measures are needed since
only one item not as it has potential to cause harm to the health of the operator and loss of quality of service.

It is observed that most of the non-conforming items are the responsibility of the equipment manufacturer and only
the item 384 is responsible for the competence of jobs. This shows that it is for service managers to establish, in the
bidding for the acquisition of equipment, ergonomic criteria as mandatory requirements process (Silva et al., 2011). 

Likewise, manufacturers must develop and market equipment that meet ergonomic, requirements compatible with
the anatomical and physiological characteristics of their users by providing them with healthy working conditions.
Ergonomic  requirements  cannot  be  considered  as  accessories  or  luxury  items  being  offered  only  on  more
sophisticated equipment, but a minimum quality requirement therefore essential in all types of equipment.

CONCLUSION

The ergonomic analysis of the equipment revealed that there is a good or excellent level of compliance, however
corrective measures are necessary since the presence of a few non-conforming items is enough to cause injuries to
users, reduced efficiency and comfort and quality loss condition service.
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