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Abstract: Purpose: To evaluate the ergonomics and efficacy of five instruments used in dentistry for scaling and root
planing.
Methods: This experimental study with a comparative cross-sectional design was carried out during a simulated scaling
and root planing task. Seven female dentists and one dental hygienist aged 26–58 years participated. Five instruments
were evaluated in a subjective analysis of usability and musculoskeletal strain and with measurements of muscular
activity, postures of the upper limbs, and work productivity.
Results: The instruments with the thickest (diameter of 12–14 mm) silicon handles caused the lowest perceived strain in
both the fingers/palm and the thumb. Work productivity was also the best with the thickest silicon handles. Between the
instruments, no statistically significant differences were found for the muscular activity of the four muscle groups studied
or for the postures of the wrist and upper arm.
Conclusions: The design and material of dental instruments can affect perceived comfort and work productivity. In
scaling and root planing tasks, instruments with thick silicon handles are more usable, cause lower perceived strain, and
are more productive than those with thinner handles. The results of this study can be used to aid dental instruments
development and selection.
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INTRODUCTION
Dentists and dental hygienists frequently have
musculoskeletal disorders involving the upper limbs [1, 2].
Studies show that dentists have a high frequency of fingerrelated and other upper-limb symptoms [1] and a high
prevalence of osteoarthrosis involving the distal
interphalangeal joints [3]. According to Ding et al. [4], an
association exists between the severity of finger joint
osteoarthritis and finger joint pain among female dentists and
teachers. Furthermore, finger joint osteoarthritis and pain
increased the risk of low pinch-grip strength [5]. It is also
known that carpal tunnel syndrome is common among dental
hygienists [2]. According to Rice et al. [6], there may be a
greater risk of developing upper extremity disorders among
dental hygienists than among dentists due to the long hours
of dental scaling and root planing.
Dentistry demands continuous use of the hands and
includes several risk factors involving the upper limbs [4, 7].
Work-related risk factors for carpal tunnel syndrome include
repetitive forceful pinching and non-neutral wrist positions
[8, 9]. Especially dentists use their thumb and their index

and middle fingers in precision gripping [10]. In addition, a
long work history of dental filling and root canal treatment,
as well as a high body mass index (BMI), seems to be
associated with frequent finger symptoms that are perceived
as being vibration-related by dentists [11].
Ergonomic studies show alternative means of reducing
risk exposure [12]. Smith et al. [13] showed that alternative
methods for viewing patients’ teeth (e.g. use of video camera
and monitor to view the mouth) significantly reduce the
muscle activity, neck flexion, and discomfort of workers
when compared with the use of a direct view. According to
Dong et al. [7], ergonomically designed dental instruments
for scaling and root planing may help reduce the prevalence
of carpal tunnel syndrome among dental practitioners. They
also showed that an instrument handle with a tapered, round
shape and a 10-mm diameter required the least muscle load
and pinch force during simulated periodontal work.
Only a few studies have addressed the ergonomics of
dental instruments. The aim of our study was to evaluate in a
simulated setting the ergonomics and efficacy of five
differently designed handles of instruments for dental scaling
and root planing.
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MATERIAL AND METHODOLOGY
Participants
Seven female dentists and one female dental hygienist,
aged 26–58 years, from workplaces in the public or private
sector of the health care system participated in the study
(Table 1). All of the women were right handed, healthy, and
in the normal weight range.
All of the participants were informed of the details of the
experimental procedures and the possible discomfort associated
with the physical experiments. They all gave their written
informed consent. Permission for video-recordings of the
experimental settings was also obtained from each participant.
Table 1.

Basic Background Information on the Participants.
(n=8) (Standard Deviation, SD)

Variable

Mean

SD

Age (years)

40

10

26 – 58

Height (cm)

169

8

156 – 183

60

7

53 – 75

Body mass index (kg/m )

22

2

19 – 23

Work experience (years)

12

9

3 – 30

Weight (kg)
2

Range

Fig. (1). The tested five instruments (A-E).

Tested Instruments
This study evaluated five different models of Gracey
finishing curettes, typical instruments used for periodontal
treatment (Fig. 1). The models and characteristics of the
instruments (A–E) are shown in Table 2.
Study Design
This was an experimental study with a comparative
cross-sectional design carried out using a simulated task of
scaling and root planing. The 2-hour test simulation was
planned in a participative way together with dentists and
researchers. The measurements of each participant were
carried out with all five scaling instruments in random order
during the same day in a simulated setting in a dental unit at
the Institute of Dentistry, University of Helsinki (Fig. 2). All
of the participants were experienced professionals who were
familiar with the procedures required for their job. During
the study, the women worked with each instrument (A–E)
for 2 minutes.
Table 2.

The participants were given the freedom to choose the
method with which they would complete their tasks. In the
beginning of the measurements, they were allowed to adjust
the chair and the dental unit according to their preferences.
The adjustments were kept constant throughout the study
setting.
Periodontal instruments were used on plastic model teeth
attached to a phantom head (Frasaco, Germany) fixed to a
Sirona model D3390 dental unit (Sirona, Austria). The

Tested Instruments (Gracey 11/12 Finishing Curettes) with Five Different Types of Handles (A–E)
A
(LM 211-212
Prototype)

B
(LM 211-212
XSi)

C
(American Eagle Gracey
Access 11-12 XP, AE GA 11-12 XPX)

D
(Hu-Friedy SAS 11/
1273 #7 HDL)

E
(Hu-Friedy SAS11124 4 HDL)

Weight ()

19

16

13

21

18

Length (mm)

173

175

171

171

9.8

9.5

7.8

Diameter of the handle (mm)

1

Fig. (2). The simulated work situation using plastic model teeth
attached to a phantom head fixed to a dental chair.

14.2

1

173
11.7

1

Length of the handle (mm)

110

110

108

108

108

Material of the handle

silicon

silicon

plastic

metal

metal

Diameter of the thickest point of the handle.
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surfaces apical to the cemento-enamel junction of the model
teeth were painted with black nail polish to imitate calcified
deposits on tooth surfaces. The mesial surface of the first
upper molar on the right-hand side (tooth 16) was chosen as
the target of the instrumentation process.
Measurements
The instruments were evaluated with the use of a
subjective analysis of usability and musculoskeletal strain
and objective measurements of muscular activity, postures of
the upper limbs, and work productivity. In the subjective
evaluation, the participants responded to a query
immediately after the completion of the task with each
scaling instrument. The query included visual analogue
scales (VASs) to evaluate the usability (6 usability features,
18 usability components) of the product [14-16]. The VAS is
a 100-mm long continuous line with end points anchored by
0 (very poor) and 100 (very good). The VAS score is the
measured distance (expressed in millimeters) from the lefthand end of the scale. The participants were asked to mark
the point on the line that indicated their evaluation of the
strain or usability component in question. They were allowed
to offer written comments on the questionnaire about the
usability features of the instruments.
VASs were also used to evaluate the perceived
musculoskeletal strain in six body parts (neck, shoulder,
upper arm, lower arm, fingers/palm, thumb) [14-17].
Muscular activity was measured with surface
electromyography (EMG) (ME6000, Mega Electronics,
Kuopio, Finland) during the scaling process [18]. It was
measured on the right side of the body (m. flexor pollicis
brevis, m. extensor digitorum, m. flexor carpi radialis, and
m. trapezius pars descendens). The positions of the
electrodes were defined according to the recommendations
of Delagi and Perotto [19] and Zipp [20]. The EMG signals
from the skin above the working muscles were acquired with
a sample rate of 1000 Hz. The measured signal was
amplified 2000 times (preamplifier situated 10 cm from the
measuring electrodes), and the signal band, 20–500 Hz, was
full wave-rectified and averaged with a 0.1-second time
constant.
From the EMG data, the mean amplitude values (V)
were analyzed. Muscular activity during the work was
defined as the percentage of maximal EMG activity
(%EMG) by calculating the EMG activity during work in
relation to the activity measured during a maximal voluntary
isometric contraction (MVC). Prior to the performance of the
scaling task, MVCs were recorded from the four
aforementioned muscles. The tests were carried out with the
participant in a sitting position. During the MVC of the m.
flexor pollicis brevis, the participant placed her elbow on the
table at a flexion of 100–110° while holding a scaling
instrument in her hand. She then maximally pressed the
handle of the instrument [17]. During the MVC of the m.
extensor digitorum and m. flexor carpi radialis, the
participant’s forearm was in pronation and supination,
respectively, on the table, and she raised her hand (in the
direction of wrist extension and flexion, respectively) against
the researcher's resistance on the dorsal side and volar side of
her hand. During the MVC of the m. trapezius pars
descendens, the participant held her upper extremities
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straight at the side of her body and elevated her shoulders
against the researcher's resistance. Each participant was
allowed one practice trial; thereafter two trials were
performed. The amplitude of the MVC (V) was calculated
after the participant had reached the peak level of contraction
and held it for 3–4 seconds. The muscle contraction and
EMG amplitude level remained stable during the test for
maximal isometric contractions, which was one criterion for
choosing the maximal EMG activity as a reference [17].
The upper-extremity ranges of motion were measured on
the dominant side for wrist extension–flexion, ulnar–radial
deviations, lower-arm and supination–pronation, as well as
for abduction and flexion of the upper arm. The wrist and
lower-arm movements were measured using a twin-axis
electrogoniometer
and
a
single-axis
torsiometer,
respectively. The upper-arm ranges of motion were
registered using an inclinometer (Biometrics Ltd,
Cwmfelinfach, UK) [17, 21]. The sensors were attached to
the back of the wrist with skin adhesive tape. One end block
of the twin-axis goniometer was attached in line with the
third metacarpal bone, and the other was attached on the
midline dorsal side of the distal lower arm. The reference
position (0 degrees of flexion and deviation) was recorded
with the participant in a standing position with her hands and
upper extremities relaxed at the side of her body. The distal
end block of the single-axis torsiometer was attached on the
palmar surface of the forearm in line with the third
metacarpal bone, and the other end was attached below the
medial epicondylitis at the proximal part of forearm. The
inclinometer was attached above the insertion of the shoulder
muscle. The output from the goniometer was sampled with a
data logger (ME6000, Mega Electronics, Kuopio, Finland) at
a frequency of 1000 Hz, using the averaged mode and a time
constant of 0.1 second. From the electrogoniometer data, the
mean values of degree (°) were analyzed [17, 21].
Work productivity was evaluated with an objective
method. The outcome of the scaling and root planing process
was analyzed by photographing the mesial surfaces of the
model teeth after the instrumentation [7]. The teeth were
removed from the models and placed one by one in a mold
produced from dental impression material to ensure standard
positioning of the teeth while being photographed. With the
aid of a millimeter grid, the percentage of the paint that was
removed during the test period was determined and used as
the measure of the outcome of the procedure [7].
The results were analyzed using the SPSS software for
Windows (version 18.0 SPSS Inc., Chicago, IL, USA). The
data are presented as means and standard deviations (SD) for
the background information or as means with 95%
confidence intervals (CIs) for the data on perceived usability
and musculoskeletal strain. The Shapiro-Wilk test was used
to test the normally distributed variables the one-way
analysis of variance (ANOVA), followed by the Bonferroni
post-hoc test, was performed. For the non-normally
distributed variables, the non-parametric Kruskall-Wallis,
one-way ANOVA was performed. Thereafter, the
significance between the groups was determined with the use
of the Mann-Whitney U-test. If the mean value of the
specific variable differed from the confidence intervals (95%
CIs) of the variables in interest, the means differ statistically
significantly (p<.05).
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RESULTS
The two most usable instruments according to the
participants’ perceived assessments were those with the
thickest silicon handles (A, B) (Table 3). The usability of
these two scaling instruments was statistically better with
respect to most features than the usability of the worst
instrument (E) with the thin metallic handle. The instrument
with the thickest handle (A) was the best with regard to eight
usability components, and the instrument with second
thickest handle (B) was best for nine usability components.
Respectively, the participants considered one feature, the
grasp, to be equal for these two instruments (A, B).
The participants reported that the instruments with the
thickest and second thickest silicon handles (A, B) caused
the lowest strain, both for the fingers/palm and for the
thumb. Perceived strain in these body parts was statistically
significantly different between the instruments with the
thickest handles (A, B) when they were compared with the
instrument with the thickest metallic handle (E) (Table 4).
Otherwise, no significant differences in the perceived
musculoskeletal strain of body parts were observed between
the instruments.
There were no statistically significant differences in the
muscular activity of the four muscle groups between the
Table 3.

tested instruments (A–E) (Table 5). In addition, no
significant differences were found for the postures of the
wrist and upper arm between the tested instruments (A–E)
(Table 6).
The measured work productivity was best when the
instrument (B) with the second thickest silicon handle was
used (Table 7). In addition, there was a statistically
significant difference in work productivity between the
instrument with the second thickest silicon handle (B) and
the heaviest instrument with the thick metallic handle (D).
Work productivity was the worst when the heaviest metallic
instrument (D) was used.
DISCUSSION
The two scaling instruments with the thickest silicon
handles (A, B) were the most usable instruments according
to the 18 components of the usability features analyzed in
this study. The usability results of these two instruments (A,
B) were statistically significantly better than the usability
results of the instrument with a thinnest metallic handle (E).
The VAS proved to be a suitable and easy-to-understand
method for use in this type of study, and it has been used
also in other ergonomic studies in health care [15-17].
According to the subjective evaluation, the use of the
thinnest metallic instrument (E) caused the most

Perceived Usability (VAS, Visual Analogue Scale, 0 = Very Poor, 100 = Very Good) as Rated by the Participants (n=8)
After Using the Five Instruments with Different Types of Handles (A–E). (95% Confidence Interval, 95% CI)
Instrument

Usability Feature

Usability
Component

A
Mean (95% CI)

B
Mean (95% CI)

C
Mean (95% CI)

D
Mean (95% CI)

E
Mean (95% CI)

Design of handle

78(62–94)1

81 (64–98)2

56 (28–83)

65 (44–86)

49 (22–76)

1

75 (50–100)

75 (50–99)

77 (62–91)

46 (20–72)

Fit to hand

1

70 (47–93)

82 (64–99)

2

53 (24–82)

62 (37–88)

42 (19–66)

Esthetics

83 (69–97)1

77 (63–90)

68 (52–85)

69 (53–86)

61 (45–77)

86 (70–102)

77 (63–91)

23 (3–42)

Design of working part
Design

Measurements

81 (65–97)

Color code

90 (82–97)

87 (73–101)

Length of handle

83 (68–98)

82 (64–100)

69 (49–88)

69 (45–94)

66 (45–86)

1

2

76 (53–99)

79 (68–90)

54 (37–71)

2

64 (39–90)

68 (45–91)

43 (11–76)

92 (84–99)

2,3,4

58 (36–80)

46 (25–67)

39 (19–58)

89 (81–97)

2,3,4

60 (38–82)

59 (38–79)

45 (29–61)

Length of working part

Material of handle

83 (72–93)

77 (60–94)
1

91 (85–98)

Material

Function

General

1

3

82 (67–98)

80 (67–93)

Balance of instrument

84 (73–95)

82 (64–100)

67 (47–88)

73 (57–88)

64 (40–87)

1

74 (48–100)

82 (69–94)

52 (32–72)

75 (48–101)

79 (69–90)

56 (35–77)

80 (61–99)

2

Preciseness

1

85 (77–94)

86 (73–98)

2

Turnability

81 (69–93)

82 (70–94)

65 (38–92)

75 (55–95)

60 (32–89)

78 (62–94)

1

2

59 (31–87)

56 (34–79)

44 (21–68)

Grasp

85 (75–95)

1

2,3

62 (34–90)

63 (45–80)

45 (20–70)

Working comfort

80 (69–90)1

65 (38–92)

70 (49–91)

35 (15–56)

67 (44–90)

69 (53–84)

41 (17–66)

Sensibility

Overall evaluation

82 (69–96)

1

83 (69–96)

Statistically significant difference between scaling instruments A and E.
Statistically significant difference between scaling instruments B and E.
Statistically significant difference between scaling instruments B and D.
4
Statistically significant difference between scaling instruments B and C.
2

78 (60–95)

2

Surface pattering

Need for force
Strain

2

1

Circumference of handle

1

9

69 (52–86)

85 (70–100)

82 (65–98)2
85 (72–98)

2,3
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Perceived Musculoskeletal Strain (Visual Analogue Scale, VAS, 0 = No Strain, 100 = Extreme Strain) in Six Body Parts of
the Participants (n=8) After Using the Five Instruments with Different Types of Handles (A–E). (95% Confidence
Interval, 95% CI)
Instrument

Body Part

A
Mean (95% CI)

B
Mean (95% CI)

C
Mean (95% CI)

D
Mean (95% CI)

E
Mean (95% CI)

Neck

27 (9–45)

25 (7–43)

29 (12–45)

26 (5–46)

28 (14–42)

Shoulder

27 (10–44)

28 (7–49)

31 (12–51)

28 (9–47)

34 (17–50)

Upper arm

20 (4–37)

26 (5–46)

26 (4–47)

21 (1–42)

27 (9–46)

Lower arm

27 (8–45)

30 (9–51)

31 (10–52)

26 (8–45)

37 (17–58)

Fingers and palm

29 (9–50)1

25 (5–46)2

38 (13–63)

32 (11–54)

53 (37–69)

42 (18–67)

33 (13–53)

68 (54-81)

Thumb

1

41 (20–63)

32 (11–53)

2

1

Statistically significant difference between scaling instruments A and E.
2
Statistically significant difference between scaling instruments B and E.

Table 5.

Muscular Activity (%EMG) in the Right Upper Limb and the Shoulder Region of the Participants (n=8) During the Use
of the Five Instruments with Different Handles (A–E). (Standard Deviation, SD)
Instrument
Body Part (Muscle)

p-Value*

A
Mean (SD)

B
Mean (SD)

C
Mean (SD)

D
Mean (SD)

E
Mean (SD)

Thumb
(M. Flexor Pollicis Brevis)

21.9
(11.1)

20.3
(11.8)

21.0
(14.0)

17.8
(13.4)

25.0
(12.1)

0.121

Wrist Flexors
(M. Flexor Digitorum Superficialis)

11.9
(3.9)

13.0
(5.3)

12.6
(4.4)

12.5
(5.1)

12.4
(4.2)

0.998

Wrist Extensors
(M. Extensor Digitorum)

11.8
(5.6)

11.9
(6.1)

11.9
(6.5)

12.0
(6.6)

12.6
(8.0)

0.979

Shoulder
(Trapezius pars Descendens)

6.1
(6.6)

4.7
(3.8)

5.9
(5.8)

5.1
(4.4)

6.1
(4.7)

0.987

*One-way ANOVA, Kruskall-Wallis.

musculoskeletal strain in the thumb during the use of the
instruments. The least perceived strain was reported when
the second thickest silicon (B) and the thick metallic (D)
instruments were used. This result is in accordance with that
of the study carried out by Dong et al. [7]. It is known that
the use of a thick instrument decreases the strain of thumb in
a pinch grip. This decrease can be due to the more neutral
posture of the thumb when a thick instrument is used.
Therefore it is important to decrease the muscle activity
needed in a pinch grip. This is one way to lower the risk of
finger arthrosis, which causes pain and decreases finger force
[5, 7]. It is also important especially for dental hygienists,
whose work includes scaling more than dentists’ work does
[2, 6].
No statistically significant differences in the muscle
activity of the participants were found for the five
instruments. The results are in accordance with the results of
Dong et al. [7], who found no statistically significant
differences in muscular activity between scaling instruments
with thicker (diameter 10 mm) and thinner (diameter 7 mm)
handles [7].
According to the objective measurements, work
productivity was best when the instrument (B) with the
second thickest silicon handle was used. In earlier ergonomic

studies, both the objective photographing method [7] and
subjective analyses [17] have been used to analyze work
productivity. In objective productivity measurements, the
mesial surface of the first upper molar on the right-hand side
(tooth 16) was chosen as the target for scaling. Because of
the immediate proximity of the duct of the parotid gland, it is
a typical site for the accumulation of dental calculus. In
addition, the surfaces of this tooth are easily distinguished
from each other because of the special morphological
character of the mesiopalatal surface.
This study was planned in cooperation with researchers,
manufacturers, and experienced dentists. The university
dental clinic was an excellent testing environment, because
the dental unit, the phantom head, and the plastic model teeth
were available. In this study, the sample size was small but
quite equal with several other usability studies [16, 17]. The
participants were well motivated, and they gave several
(confidential) ideas for product development. The test
simulation was designed with the cooperation of experienced
dentists, and the used research methods have also been
employed in other ergonomic studies in health care [15-17].
The usability variables were selected and re-designed
together with dentists and researchers while taking into
account the results of earlier studies [7, 17].
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Posture (Angle) of the Right Upper Limb of the Participants (n=8) During the Use of the Five Instruments with Different
Types of Handles (A–E). (Standard Deviation, SD)
Scaling Instrument
Variable

A
Mean (SD)

B
Mean (SD)

C
Mean (SD)

D
Mean (SD)

E
Mean (SD)

p-Value*

Wrist extension

11.8
(11.1)

9.8
(8.3)

9.1
(7.4)

13.4
(10.9)

15.1
(9.2)

0.698

Ulnar deviation of wrist

0.9
(5.8)

0.4
(8.3)

0.8
(5.4)

0.1
(6.2)

2.3
(8.7)

0.971

Pronation of wrist

19.3
(11.2)

19.6
(10.4)

21.4
(10)

18.6
(10.3)

20.3
(10.6)

0.982

Abduction of upper arm

6.4
(16.2)

8.6
(18.2)

8
(19.5)

8.8
(17.5)

9.9
(17)

0.988

Flexion of upper arm

3.9
(9)

3.3
(10.2)

4.5
(11.3)

4.1
(8)

1.5
(9.6)

0.902

*One-way ANOVA, Kruskall-Wallis.

Table 7.

Work Productivity of the Participants (n=8), Evaluated as the Percentage of Tooth Surface Cleaned After Scaling with
Five Instruments (A–E). (95% Confidence Interval, 95% CI)
Scaling Instrument
A
Mean (95% CI)

B
Mean (95% CI)

C
Mean (95% CI)

D
Mean (95% CI)

E
Mean (95% CI)

56 (44–68)1

61 (53–69)2

53 (43–64)

41 (30–53)

52 (41–64)

Cleaned surface of tooth, (%)
1

Statistically significant difference between scaling instruments A and D.
2
Statistically significant difference between scaling instruments B and D.

This paper proposes that scaling instruments with thick
silicon handles are the most ergonomic and usable and that
work productivity with these instruments is good. However,
also other ergonomic improvements in dentistry are needed
to decrease musculoskeletal exposure. These improvements
should focus on the work organization, work schedules,
possibilities to affect one’s own work, pauses, work spaces,
the dental unit, and work tools. More scientific knowledge is
needed about the effectiveness of ergonomic improvements
in decreasing musculoskeletal exposure.
CONCLUSIONS
This study showed that the design and material of
handles of dental instruments can affect perceived comfort
and work productivity. The use of instruments with thick
(diameter 12–14 mm) silicon handles were found to be more
usable and cause lower perceived musculoskeletal strain. In
addition, the use of these instruments was more productive
than the use of instruments with thinner handles in a scaling
task. The results of this study can be used to aid dental
instruments development and selection.
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