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Abstract
While the need for caregivers’ brushing have increased, the appropriate brushing motion is still unclear. The aim of this study was to clarify the gender difference of
brushing motions between self-brushing and caregivers’ brushing.
Tooth brushing motions of 15 male and 20 female dental professionals were analyzed using a three-dimensional accelerometer and a strain tension gage. They brushed
the buccal surfaces of the right lower molars using two brushing situations. Multilevel model analysis was applied in this study.
Concerning self-brushing, gender difference was significant in cycle duration, buccal-lingual motion and brushing force, whereas for caregivers’ brushing, a significant
difference was observed only in the brushing force. In addition, the brushing force during caregivers’ brushing was significantly greater than that of self-brushing on
both genders.
This study clearly demonstrated gender difference of brushing motion and force. Furthermore, a significant difference between self-brushing and caregivers’ brushing
was also evident. These results might contribute to improving the caregivers’ brushing.

Introduction
Meticulous plaque removal on a daily basis is important to prevent
caries and gingival and periodontal diseases [1]. Various methods are
employed to maintain oral hygiene, of which the most common is tooth
brushing. And also, it is obvious that manual dexterity and motivation
of an individual are of paramount importance in oral hygiene [2].
Some differences in the oral health habits of male and female were
reported [3-4l, females have ‘healthier’ behavior than males in terms
of tooth brushing frequency, dental floss and interdental brush usages.
These studies showed that females are more aware of oral hygiene and
also more motivated, however it is unclear whether there is gender
difference in the skill of tooth brushing.
Recently, several studies have tried to evaluate brushing
motion three-dimensionally [5-9]. Tosaka, et al. [6] demonstrated
characteristics of tooth brushing motion and brushing force using a
three-dimensional (3-D) accelerometer and a strain tension gage.
Inada, et al. [10] evaluated toothbrush and arm-joint motion during
tooth brushing using a motion capture system. These two studies used
female dental hygienists as professional tooth brushers to standardize
as much as possible the brushing conditions. Regardless of these
studies so far, the appropriate tooth brushing motion remains unclear,
and gender difference is further unknown.
Daily oral hygiene presents challenges to people with disabilities
who are unable to perform preventive at-home oral care themselves
and rely on caregivers [11]. Caregivers play a vital role also in infants
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[12], children with disabilities [13,14], and elderly people [15,16].
Although nursing staffs are generally interested in improving the oral
care of their caretakers, it has been recognized that their knowledge in
this area is often inadequate. Some caregivers of housebound patients
in particular are without any training in oral care. Accordingly, many
studies have reported poor oral hygiene in those dependent people [17].
Evidence–based oral hygiene education seems to be a feasible way to
increase the motivation for daily oral care tasks among caregivers, and
thus improve the oral hygiene status among the caretakers [18,19]. In
addition, oral hygiene education is not only the transfer of knowledge,
but also must take into consideration personal habits and skills [20].
However, reports on caregivers’ brushing motion have been limited so
far. In particular, to our knowledge, the analysis of gender difference
has never been previously reported.
Accordingly, the aim of this study was to clarify the difference
of brushing motion, including force, between self-brushing and
caregivers’ brushing focusing on the gender difference.
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Materials and methods
Study population
The participants in this study were 15 male and 20 female righthanded dentists and dental hygienists. All participants belonged to
the Niigata University Medical and Dental Hospital. To research the
typical brushing motions of self-brushing and caregivers’ brushing,
professional tooth brushers who perform caregivers’ brushing as daily
work were selected as participants.
The exclusion criteria were missing tooth or active periodontitis
on the right lower molar region, oral removable or fixed prostheses
or orthodontic appliances. Subjects’ average age was 37 years and 1
month (standard deviation (SD) 0.6) for male and 36 years old (SD 0.4)
for female, respectively. All participants were given oral and written
information about the purpose and detailed procedures of the study
and gave informed consent before participating in the study. The study
protocol received approval from the Ethical Committee of the Faculty
of Dentistry, Niigata University (25-R23-10-04).

Figure 1. An accelerometer and a strain tension gage were attached to the tail of the handle
and to the neck of the toothbrushes, respectively. Arrows indicate motion along the X-,
Y- and Z-axes.

Study design and procedures
The Butler GUM 211 manual toothbrush (Sunstar Butler®, Osaka,
Japan), approved by the American Dental Association, was used in this
study. We used the method of Tosaka, et al. [6]. A wired accelerometer
(MP-M606/400B, MicroStone® Inc., Saku City, Nagano prefecture,
Japan) was attached to the tail of the toothbrush, and a strain tension
gage (KFG-C15, KYOWA® Inc., Tokyo, Japan) was adhered on the
neck of the toothbrush (Figure 1). The strain gage attached to each
toothbrush was calibrated at 300g weight individually in advance.
Measuring errors of both devices were at most ±2% of the measuring
range in bench tests. The weight of each sensor was 8 g and 0.5g,
respectively.

Figure 2. Measurement scenery of two experiment; self-brushing and caregivers’ brushing.

Because the coordinate system was defined by the direction of the
accelerometer attached to the toothbrush, (1) the X-axis was along the
tooth brushing axis (i.e. the anterior-posterior direction), (2) the Y-axis
was perpendicular to the X-axis (i.e., in a superior-inferior direction),
and (3) the Z-axis was perpendicular to the X-Y plane (i.e., in a buccallingual direction) (Figure 1).
An instructed task for each participant was to brush the buccal
surfaces of the right lower four teeth; the first and second premolars and
the first and second molars. They brushed these teeth in two situations:
(1) brushing their own teeth by themselves, and (2) brushing artificial
teeth (NISSIN DENTAL PRODUCTS® INC., Kyoto, Japan) attached to
a dental mannequin (Trunk Unit Set, NISSIN DENTAL PRODUCTS®
INC., Kyoto, Japan) simulated caregivers’ brushing. In the latter, a
mannequin laid on a dental chair in the supine position (Figure 2).
Prior to the experiment, subjects were allowed to brush the model teeth
once on the mannequin to become accustomed to the experimental
conditions. Each surface was brushed for 10 seconds and no other
instructions on brushing technique were given to each subject.

Data analysis
Displacements (i.e., changing position of the accelerometer) and
brushing force were sampled at 100 Hz (1/0.01 s), and the resulting
data were stored in a text file on a Windows® PC. Displacement was
converted from acceleration by integration by using the software
(MVP-VD-S, MicroStone® Inc., Saku City, Nagano Prefecture, Japan).
Because the motion of the toothbrush was a series of repeated cyclic
movement, the changes of each 3-D displacement and the brushing
force can be plotted simultaneously as shown in Figure 3.
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Figure 3. An example of displacements along the X-, Y-, Z-axes and brushing force (×10)
plotted simultaneously. An entire motion sequence can be divided into component cycles
based on the X-axis motion, which is twice as great as or more than the motion along the
Y- and Z-axes.

In these series of movements, the time from the minimum position
to the next minimum position through the maximum position was
defined as one cycle (Figure 4). We chose the representative 10 cycles
best expressing characteristics of each participant to reduce between
cycle random variability using the method by Tosaka, et al. [6]. We
analyzed (1) cycle duration (a time for a stroke), (2) X-, Y-, Z-range
(distance of toothbrush motion that was the difference between
maximum and minimum values) and 3D-range that unified each
direction and (3) mean brushing force.

Statistical analysis
The data were evaluated using multilevel linear statistical models
with MLwiN software (ver. 2.24, Centre for Multilevel Modeling,
University of Bristol, England). A two-level model, with variation
hierarchically partitioned (1) between subjects (or individuals) and (2)
between cycles, was used to evaluate systematic differences in durations,
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displacements, and brushing force. Each analysis was carried out based
on 35 subjects, with two brushings, ten best cycles, for a total of 700
cycles.

The comparison of variables between self-brushing and caregivers’
brushing is shown in Table 2. For male, Y- and Z-range of caregivers’
brushing were significantly larger than those of self-brushing, and also
the brushing force of the caregivers’ was significantly greater than that
of self-brushing. For female, significant difference was recognized in
cycle duration in addition to these.

Results
Table 1 shows the comparison of cycle duration, X-, Y-, Z-, 3-D
ranges and mean brushing force between male and female on selfbrushing and caregivers’ brushing, respectively.
In self-brushing, cycle duration and Z-range of males (183.27msec,
4.66mm) were significantly shorter than those of females (206.00msec,
6.17mm). On the other hand, the mean brushing force of males (1.85N)
was significantly greater than that of females (1.32N).

Tables 3 and 4 show between-subjects and between-cycles variances
of tooth brushing variables. Most of between-subjects variances were
larger than between-cycles variances in both males and females during
self-brushing (Table 3). However, in the caregivers’ brushing (Table
4), between-cycle variance of cycle duration was larger than betweensubject variance in both males and females.

As for caregivers’ brushing, significant difference of mean brushing
force between males (2.53N) and females (1.68N) was also recognized.
On the other hand, there was no significant difference of duration and
X-, Y-, Z-, 3D-ranges between males and females.

Table 5 shows the intra-individual correlations between selfbrushing and caregivers’ brushing. Males had a significant correlation
only on X-range, and females showed significant correlations on all
variables except Y-range.

Figure 4. An example of a single tooth brushing cycle of X-axis from Figure 3. Cycle duration and range of displacement are shown.
Table 1. Comparison of variables between male and female.
Measures

Self-brushing
Female

Male

Difference

Mean

S.E.

Mean

S.E.

Mean

S.E.

Cycle duration [msec]

183.27

9.32

206.00

6.71

22.73

10.25*

X-range [mm]

14.40

1.85

15.83

1.41

1.43

2.15

Y-range [mm]

4.54

0.43

6.03

0.58

1.49

0.89
0.71*

Z-range [mm]

4.66

0.35

6.17

0.46

1.51

3D-range[mm]

16.23

1.82

18.56

1.48

2.33

2.26

Brushing force [N]
Measures

1.85

0.21

1.32
0.15
Caregivers’ brushing
Female

-0.53

0.22*

Male

Difference

Mean

S.E.

Mean

S.E.

Mean

S.E.

Cycle duration [msec]

188.87

3.93

189.70

4.11

0.83

6.28

X-range [mm]

14.25

0.98

13.91

0.91

0.34

1.39

Y-range [mm]

7.89

0.77

10.20

0.79

2.31

1.21

Z-range [mm]

12.05

1.10

11.41

1.09

0.65

1.67

3D-range [mm]

20.82

1.42

21.70

1.31

0.89

2.00

Brushing force [N]

2.53

0.17

1.68

0.14

-0.85

0.22**

S.E. standard error of the mean
*p <0.05, **p <0.01
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Table 2. Comparison of variables between self- brushing and caregivers’ brushing.
Measures

Male
Caregivers’ brushing

Self-brushing

Difference

Mean

S.E.

Mean

S.E.

Mean

S.E.

Cycle duration [msec]

183.27

7.16

188.87

3.93

5.60

10.12

X-range [mm]

14.40

1.48

14.25

0.98

-0.16

2.09

Y-range [mm]

4.54

0.63

7.89

0.77

3.35

0.89**
1.15**

Z-range [mm]

4.66

0.81

12.05

1.10

7.40

3D-range [mm]

16.23

1.63

20.82

1.42

4.58

2.31

Brushing force [N]
Measures

1.85

0.19

2.53

0.17

0.68

0.27*

Female
Caregivers’ brushing

Self-brushing

Difference

Mean

S.E.

Mean

S.E.

Mean

S.E.

Cycle duration [msec]

206.00

5.03

189.70

4.57

-16.30

7.12*

X-range [mm]

15.83

1.11

13.91

0.95

-1.92

1.57

Y-range [mm]

6.03

0.79

10.20

0.87

4.18

1.11**
1.31**

Z-range [mm]

6.17

0.93

11.41

1.19

5.24

3D-range [mm]

18.56

1.39

21.70

1.37

3.14

1.96

Brushing force [N]

1.32

0.11

1.68

0.10

0.35

0.18*

S.E. standard error of the mean
*p <0.05, **p <0.01
Table 3. Between-subjects and between-cycles variances for self-brushing.
Measures

Male
Between-subjects

Between-cycles

Estimate

S.E.

Estimate

S.E.

Cycle duration

1283.10

476.04

205.56

25.02

X-range

50.81

18.64

2.45

0.30

Y-range

2.30

1.03

5.32

0.65

Z-range

1.61

0.68

2.57

0.31

3D-range

49.63

18.18

1.63

0.20

Brushing force
Measures

0.67

0.25

0.10

0.01

Female
Between-subjects

Between-cycles

Estimate

S.E.

Estimate

S.E.

Cycle duration

582.89

188.67

137.11

14.45

X-range

30.73

9.89

5.17

0.55

Y-range

9.17

3.05

4.77

0.50

Z-range

5.33

1.92

7.27

0.77

3D-range

39.15

12.50

3.81

0.40

Brushing force

0.24

0.08

0.07

0.01

S.E. standard error of the mean
Table 4. Between-subjects and between-cycles variances for caregivers’ brushing.
Measures

Male
Between-subjects

Between-cycles

Estimate

S.E.

Estimate

S.E.

Cycle duration

113.23

85.98

1188.82

144.70

X-range

13.99

5.24

3.67

0.45

Y-range

8.29

3.28

6.79

0.83

Z-range

17.32

6.56

6.50

0.79

3D-range

29.85

11.04

3.89

0.47

Brushing force
Measures

0.42

0.16

0.12

0.01

Female
Between-subjects

Between-cycles

Estimate

S.E.

Estimate

S.E.

Cycle duration

368.35

131.87

483.56

50.97

X-range

17.46

5.71

5.91

0.62

Y-range

13.76

4.78

13.43

1.42

Z-range

21.15

8.90

9.87

1.04

3D-range

36.67

11.84

7.54

0.80

Brushing force

0.36

0.12

0.16

0.02

S.E. standard error of the mean
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Table 5. Intra-individual correlations between self and caregivers’ brushing.
Male

Female

Cycle duration

-0.15

0.59*

X-range

0.63*

0.70*

Y-range

0.41

0.34

Z-range

-0.15

0.75*

3D-range

0.42

0.62*

Brushing force

0.20

0.72*

*p <0.05

Discussion
Controlling dental plaque is the most important way of preventing
dental disease, and one of the most principal and effective methods
of plaque control is tooth brushing [5]. Achieving an optimal result
depends on the individual motivation and manual skills, as well as on
the complexity of the dentition. Although the individual oral condition
makes plaque elimination difficult, good technique for tooth brushing
is regarded as necessary.
Several studies [3,4] reported gender difference of health habits
including oral hygiene. Kawamura, et al. [4] showed that females have
better oral hygiene practices, whereas males have unpleasant subjective
symptoms such as tooth mobility. However, there is no article that
confirmed gender differences regarding the skill of tooth brushing.
In recent years, the demand for caregivers’ brushing has increased,
and the subjects of this brushing are diverse, including people with
disabilities, children and elderly people. It is now well-known that
poor oral hygiene has been linked to increased risk for serious medical
problems, including pulmonary infection, cardiovascular disease,
stroke, brain abscess, and poor control of diabetes mellitus [21].
Several articles have pointed out that oral care should be included in
nursing work as a more highly prioritized task [22-24], however, the
caregivers’ brushing technique is demanded not only to professional
medical staff such as nurses but also facility staff or family members
engaging in home healthcare because the number of targeted people
are increasing recently. It means that both males and females need
to carry out caregivers’ brushing. However, appropriate caregivers’
brushing motion has not been clarified.

that all arm joints moved synchronously, and tooth brushing motion
was controlled by coordinated movement of the joints. Therefore, since
tooth brushing is also a cyclic motion in which joints form rhythms,
there is a possibility that gender difference may occur in the cycle
duration of tooth brushing.
The tooth brushing forces with a manual toothbrush have been
reported with wide range (1.6N-318g) in many studies [27-29].
However, gender differences of brushing force has been controversially
discussed. Annette, et al. [27] reported gender differences of brushing
force was not statistically recognized. By contrast, Ganns, et al. [20]
reported the only significant gender difference was in brushing force,
which was slightly higher in males. In this study, the mean brushing
force of self-brushing was 1.85N in males and 1.32N in females.
Both variables in the present study were within the ranges previously
reported, but it is noteworthy that brushing force of males was 1.5
times greater than that of females. Regarding the tooth brushing force,
gender differences were recognized even in the dental professionals.
Tooth brushing is a factor in the etiology of gingival recession and
dental abrasion, and several studies reported the correlation between
force and gingival recession. Burgett, et al. [29] described that subjects
with wedge-shaped lesions had significantly higher mean brushing
force than subjects without cervical wear (2.9 versus 2.1N). From these
studies it has been recommended that tooth brushing force should
not exceed 3N [20]. Akgul, et al. [30] stated the prevalence of tooth
brushing abrasions was seen more frequently in males than in females.
This doesn’t contradict the result of this study that brushing force of
males was higher than that of females. However, Sadaf, et al. [31] stated
gender differences regarding presence of non-carious cervical lesions
was not significant. The effect of other factors influencing abrasion or
gingival recession, such as toothbrush form, the toughness of bristles,
the frequency of brushing and the brushing technique, couldn’t be
ignored.

On the other hand, the brushing force of males was larger than that
of females in both self-brushing and caregivers’ brushing. In addition,
the brushing force of the caregivers’ brushing was larger than that of
self-brushing in both males and females.

Caregivers’ brushing force was also larger than self-brushing in
this study. Uenoyama, et al. [32] examined the relationship between
brushing movements and oral sensory perception, and mentioned the
following. When sensory perception in the oral cavity was blocked,
the rhythmical pattern of brushing motion and muscle activity
was lost, and brushing power was greater than in the case without
blocking. From that result, it was suggested that the brushing force was
controlled by the feedback from the oral sensory perception. Thus, that
might be one of the reasons that brushing force of caregivers’ brushing
was larger than self-brushing in this study. Furthermore, this study
showed Y- and Z-range of caregivers’ brushing was larger than that
of self-brushing. The reason might be that in caregivers’ brushing,
dental professionals make more complicated movement by looking
at the teeth. Alternatively, brushing posture of caregivers’ brushing
might allow for more freedom of motion, however, further research
is required. Caregivers should control the brushing from the feeling
of their arm or fingers and the facial expressions of a person to be
brushed. Excessive force or motion causes pain and leads to the latter
uncooperative and resistant to oral care.

Walking, running, and cycling are common voluntary human
rhythmic movement. Due to the anthropometric differences between
males and females, significant sex differences in gaits during normal
walking have been reported [25]. Recently, with the computational
three-dimensional gait analyses, several reports have identified gender
differences in the kinematic and kinetic data of the trunk, hip, knee and
ankle joints [26]. As for the tooth brushing, Inada, et al. [10] reported

In self-brushing, between-subject variances were bigger than
between-cycle variances for most measures, thus the existence of a
personal characteristic cyclic pattern was suggested. In contrast, in
caregivers’ brushing, between-cycles variance of cycle duration was
greater than between-subject variance in both male and female. Inada,
et al. [8] described that the shoulder and wrist control the hand motion,
whereas the elbow generates the cyclic rhythm during tooth brushing.

Therefore, in this study, we examined the differences between male
and female of two exercises; self-brushing and caregivers’ brushing.
This study demonstrated that no gender difference of tooth
brushing motion was recognized in both self-brushing and caregivers’
brushing, except cycle duration and Z- range in self-brushing.
Especially in caregivers’ brushing, 3-D motion of tooth brushing was
approximately similar between male and female dental experts. It was
shown that caregivers’ brushing was well-trained and had a uniformed
motion for dental professionals who performed it in their daily work.
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In caregivers’ brushing, the posture of caregiver was very different from
that in self-brushing, so there is a possibility that the angle of the elbow
may be hard to make rhythm for brushing.
The significant correlation of X-range between self-brushing and
caregivers’ brushing was recognized in both male and female. Though
the participants in this study were dental professionals, if general
people have similar tendencies, there is a possibility that giving the
proper instructions for self-brushing in clinics will improve the
technique of caregivers’ brushing vice versa. Elderly and people with
disabilities who need caregivers’ brushing often find it difficult to visit
dental clinics. There are few opportunities for dental professionals to
instruct brushing directly, thus, demonstrating caregivers’ brushing
methods to nursing staff and family members instead as mentioned
above might be very useful.
In reality, measuring brushing forces is usually difficult at clinics,
thus the emphasis on tooth brushing instructions is often placed in
brushing techniques. However, from current results, it was suggested
that more attention should be paid to the brushing force. On the other
hand, Annette, et al. [27] pointed out that brushing forces prior and
after instructions of the brushing technique were not significantly
different. Although to demonstrate and improve brushing force is
certainly challenging, the system used in this study can monitor
brushing force easily at clinics. Therefore, by using this device, we will
be able to evaluate not only individual brushing characteristics but
also changes of motion and force after giving proper tooth brushing
instructions in the near future.
Oral hygiene education is not only the transfer of knowledge,
but also must take into consideration personal habits and skills [20].
With more practical tooth brushing instructions, it is expected that
caregivers who are not dental professionals can confidently perform
caregivers’ brushing, and the oral environment of persons who need
care will be improved.

Conclusion
We evaluated the differences of brushing motion including force,
between self-brushing and caregivers’ brushing and focusing on the
gender differences. Concerning self-brushing, gender difference was
significant in cycle duration, buccal-lingual motion and brushing force,
whereas for caregivers’ brushing, a significant difference was observed
only in the brushing force. In addition, the brushing force during
caregivers’ brushing was significantly greater than that of self-brushing
on both genders. The significant intra-individual correlation of X-range
between self-brushing and caregivers’ brushing was recognized in both
male and female.
In this study, dental professionals were selected as participants to
research the typical caregivers’ brushing. Further investigation on the
actual caregivers is required to improve the oral hygiene status of the caretakers.
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