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Abstract
The purpose of this study was to clarify the stability of masticatory movement after placement of implant-supported denture. 
Fourteen patients (patient group) with mandibular implants denture and maxillary complete denture and 30 dentate adults 
(control group) were asked to chew a boiled fishpaste, and the masticatory movement was recorded using MKG. For the 10 
cycles beginning with the 5th cycle of mastication, the parameters representing the stability of masticatory movement were 
calculated. Data collected at 1, 3, 6, 9 months and 1, 2, 3 years after insertion of implants denture were compared between 
sessions and also between the patient and control groups. The mean and standard deviation of the values in the patient group 
at 1 month after insertion of implants denture were large, but gradually decreased 6 to 9 months after insertion of implants 
denture. Each parameter maintained almost the same value from 1 to 3 years. The parameter values of the patient group 
were significantly larger than those of control group from 1 to 9 months after insertion of implants denture, but 1 year after 
insertion of implants denture, there was no significant difference between the two groups in 5 out of 7 parameters. From 
these results, it was suggested that a certain duration, about 9 months to 1 year, was necessary for patients with implants 
denture to adapt to the new masticatory function and that the timing of functional evaluation should be set to 1 year after 
insertion of implants denture.
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Introduction

With the improvement in the national consciousness on 
health and quality of life in recent decades, high-quality 
medical care based on objective evidence of therapeutic 
effects is being sought. Under these circumstances, the need 
for an objective evaluation of masticatory function has been 
emphasized more than ever before, because the main pur-
pose of dental treatment is to restore and maintain mastica-
tory function.

To objectively evaluate masticatory function, analyses of 
the masticatory movement, muscular activity, occlusal force, 

masticatory performance have been conducted. Progress in 
electronic technologies has enabled quantitative analyses of 
the movement path and rhythm during mastication. In par-
ticular, there have been reports documenting that individual 
cycles of the mandibular incisal point movement during 
mastication are regular and stable in healthy dentate adults, 
whereas they are irregular and unstable in subjects with mal-
occlusion and temporomandibular disorder (TMD) [1–4]; 
furthermore, improvement of the irregularity and instability 
in the latter has been reported in response to treatment [1, 
3]. Thus, quantitative analysis of the stability of mastica-
tory movement has been demonstrated to enable objective 
evaluation of masticatory function. A rhythmic pattern of 
mastication is maintained under the control of the brain-
stem pattern generator [5], whereby masticatory movement 
is modulated via feedback signals from peripheral organs 
such as the teeth, masticatory muscles and temporomandibu-
lar joints [6–8], which allow regular and stable masticatory 
movements in healthy dentate adults [9]. It remains to be 
clarified whether patients who do not have periodontal liga-
ment receptors and have undergone dental implant treatment 

 * Hiroshi Shiga 
 h-shiga@tky.ndu.ac.jp

1 Department of Partial and Complete Denture, The Nippon 
Dental University School of Life Dentistry at Tokyo, 1-9-20 
Fujimi, Chiyoda-ku, Tokyo 102-8159, Japan

2 Division of Oral Implant, The Nippon Dental University 
Hospital at Tokyo, 2-3-16, Fujimi, Chiyoda-ku, 
Tokyo 102-8158, Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/s10266-021-00646-9&domain=pdf


217Odontology (2022) 110:216–222 

1 3

would also be capable of performing regular, rhythmic mas-
ticatory movements as healthy dentate adults.

It has been reported that masticatory function is reduced 
due to tooth loss and is improved by prosthetic treatment 
[10–12]. Regarding masticatory movements, prosthetic treat-
ment has been reported to increase the amount of move-
ment during mastication and shorten the cycle time [13–16], 
but there is also a report stating that there is no significant 
change [17–20]. One of the causes of this discrepancy is 
the timing of the evaluation of masticatory function. This 
is because it takes a certain duration to adapt to the new 
oral environment after insertion of new denture, and the 
functional evaluation should be performed after the patient 
adapts to the new denture [21, 22].

Therefore, to clarify the changes and the time taken for 
the restoration of masticatory function in patients with 
implants denture, the stability of the movement path and 
rhythm during mastication was investigated after insertion 
of new implants denture. The examination of the changes 
and the time taken to achieve stability of masticatory move-
ment is clinically significant because it would help clarify 
the appropriate time for functional evaluation for patients 
with implants denture.

Materials and methods

Ethic statement

This study was approved by the Ethics Committee of the 
Nippon Dental University School of Life Dentistry (NDU-
T2010-20). Prior to participation in the study, informed 
consent was obtained from the subjects after explaining the 
purpose of the study to them.

Subjects

Fourteen patients (patient group: 7 males and 7 females; 
average 75.8 years old) with mandibular implants denture 
and maxillary complete denture and 30 dentate adults (con-
trol group: 15 males and 15 females; 23–49 years old; aver-
age 33.2 years old) participated in this study. The inclusion 
criteria of patient group were as follows: (1) complete eden-
tulousness; (2) indication for a mandible implants denture; 
(3) sufficient amount of alveolar bone in the anterior region 
of the mandible; (4) good general health or adequately 
controlled systemic disease; and (5) satisfactory cognitive 
function. The exclusion criteria were: (1) clinical abnormali-
ties in the masticatory system; (2) signs or symptoms of 
TMD and/or orofacial pain. The inclusion criteria of control 
group were as follows: (1) no clinical abnormalities in the 
masticatory system; (2) natural dentition, with the possible 
exception of the third molars; and (3) no complaints related 

to occlusion. The exclusion criteria of control group were: 
(1) previous/current orthodontic treatments; (2) currently 
undergoing dental treatment; and (3) signs or symptoms of 
TMD and/or orofacial pain. The dentures were adjusted at 
2-week intervals up to 2 months after insertion of implants 
denture. Thereafter, adjustments were made as needed. If the 
denture was adjusted at the regular inspection, an interval of 
one week before recording was set.

Test food

The test food used in this study was one cubic centimeter-
sized boiled fishpaste (Kibun foods inc., Japan). Boiled fish-
paste was used as a test food because it has no adhesiveness 
and has few fluctuations during chewing [23].

Recording method

Before the experiment, the subjects were allowed to chew 
boiled fishpaste freely. They were then asked which side it 
was easier to chew to identify the habitual chewing side. 
Subjects were asked to chew boiled fishpaste on their habit-
ual chewing side from the beginning of chewing until swal-
lowing, and the movement of the mandibular incisor point 
was recorded using MKG K6-I. For the ten cycles beginning 
with the fifth cycle of mastication, the parameters represent-
ing the stability of masticatory movement path and rhythm 
were calculated [9]. Data were collected at 7 sessions of 1, 
3, 6, 9 months and 1, 2, 3 years after insertion of implants 
denture.

Stability of masticatory movement path

Based on the opening and closing paths, consists of verti-
cal and lateral components of mandibular movement for 10 
cycles from the 5th cycle, the average path was calculated 
(Fig. 1A–D). The average of the 11 standard deviations (SD) 
from level 0 to the 10th level in the horizontal direction 
during the opening movement, in the horizontal direction 
during the closing movement, and in the vertical direction 
were calculated as the opening lateral component, closing 
lateral component and vertical component, respectively. 
These three values were then divided by the opening dis-
tance (OD), and the value (SD/OD) was used as the param-
eter representing the stability of masticatory movement path 
(Fig. 1E).

Stability of masticatory movement rhythm

For 10 cycles from the 5th cycle, the opening time, closing 
time, occluding time and cycle time were calculated. The 
coefficient of variation (CV) was then determined from the 
mean time of the 10 cycles and its standard deviation, and 
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Fig. 1  Method used to calculate average path. A Ten cycles from the 
5th cycle after the start of mastication. B The masticatory path was 
divided vertically into ten equally spaced sections from the intercus-
pal position (XA, YA) to the open position (XB, YB), and the cross-
ing position of the path at each level (X, Y) was calculated from two 
points before and after ((X1, Y1) and (X2, Y2)) (example of the fifth 

cycle). C Coordinates for each cycle were determined by vertically 
division into ten equally spaced sections. D Average path and stand-
ard deviation (SD) of each level. The opening distance (OD) was 
defined as the vertical distance from the intercuspal position (IP) to 
the open position. E Numerical data of the average path. F Overlap-
ping of each cycle and average path (○)
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these four values were used as the parameter representing 
the stability of masticatory movement rhythm.

Statistical analysis

All data were analyzed using statistical software (SPSS 
version 27.0, IBM Corp., Armonk, NY, USA). The Shap-
iro–Wilk test was used to confirm normality. Next, the differ-
ence of the parameters representing stability of masticatory 
movement path and rhythm among the 7 sessions was inves-
tigated by ANOVA, and then Bonferroni’s multiple compari-
son was performed. Furthermore, the data obtained from the 
patient and control groups in each session were compared 
using an independent t test. A post hoc power analysis was 
performed to confirm the validity of the sample size. All 
statistical analyses were performed with a significance level 
set at P values of 0.05.

Results

The mean and standard deviation values in the patient group 
at 1 month after insertion of implants denture were large, 
but both mean and standard deviation gradually decreased 
from 6 to 9 months after insertion of implants denture. Each 
parameter value was maintained at almost the same value 
from 1 to 3 years (Table 1). In the comparison between 
the patient group and the control group, the values in the 
patient group were significantly larger than in the control 
group from 1 to 9 months after insertion of implants denture 
(Table 2), but 1 year after insertion of implants denture, 
there was no significant difference between the two groups in 
5 out of 7 parameters (Table 3). As a result of power analysis 
of the cycle time, the power of 7 sessions was 0.888–1.000, 
confirming the validity of the sample size.

Discussion

Prosthetic treatments, such as removable dentures and 
implants denture, are performed for the management of tooth 
loss, but the timing of functional evaluation after wearing 
these dentures has not been investigated thoroughly. It is 
said that sufficient adjustment is required to obtain good 
masticatory function after insertion of new denture, and 
functional evaluation should be performed after adapting to 
the denture [21, 22]. In addition, it has been reported that the 
masticatory performance of patients with complete dentures 
significantly improved 3 months after insertion of new den-
tures [12]. From these reports, Kuramochi et al. [16] set the 
timing of functional evaluation to 3 months insertion of new 
complete dentures and investigated the masticatory move-
ment before and after insertion of new complete dentures. 
The results showed that the amount of opening and mas-
ticatory width were significantly large, and the cycle time 
was significantly less after the treatment. On the other hand, 
the evaluation timing of masticatory function for implants 
denture wearers varies from several weeks to 10 years [13, 
15, 17–20, 24, 25], and results with [13–16] and without 
[17–20] significant improvement have been reported. With 
regard to the changes in the masticatory function over time, 
after insertion of new denture in patients wearing implant-
supported dentures, Vieira et al. [24] examined the mastica-
tory performance before, at 20 days, and at 8 months after 
insertion of implants denture for 14 edentulous patients, 
and found that the masticatory performance had improved 
in some patients but not in others at 20 days, whereas sig-
nificant improvement was noted at 8 months after the inser-
tion. It has also been reported that masticatory movement 
is not significantly improved 6 months after insertion of 
implants denture [18]. These reports indicate that it takes 
time for patients to adapt to changes in the oral environment 
and acquire a new masticatory function after insertion of 
implants denture.

Table 1  Means and standard deviations for the parameters representing stability of masticatory movement

Control Patient

1 month 3 months 6 months 9 months 1 year 2 years 3 years

Stability of masticatory path
 Opening lateral (%) 4.3 ± 1.1 8.6 ± 2.5 8.0 ± 1.8 7.5 ± 2.0 5.6 ± 1.4 4.8 ± 1.2 4.9 ± 1.2 4.7 ± 1.1
 Closing lateral (%) 4.3 ± 1.0 9.9 ± 2.7 8.7 ± 2.9 7.9 ± 2.3 6.1 ± 1.5 4.8 ± 1.0 4.7 ± 0.9 4.7 ± 0.9
 Vertical (%) 5.3 ± 1.2 8.7 ± 1.7 7.9 ± 2.6 7.3 ± 1.6 6.9 ± 0.7 6.2 ± 0.8 6.3 ± 0.9 6.1 ± 1.1

Stability of masticatory movement rhythm
 Opening time (%) 10.9 ± 2.3 20.5 ± 4.8 20.5 ± 7.1 17.1 ± 5.2 14.6 ± 2.9 12.2 ± 2.6 12.2 ± 2.5 12.3 ± 2.8
 Closing time (%) 10.0 ± 2.4 17.0 ± 4.6 16.0 ± 4.5 16.1 ± 2.9 13.1 ± 2.8 11.6 ± 2.7 11.4 ± 2.6 11.3 ± 2.5
 Occluding time (%) 12.1 ± 2.9 17.4 ± 3.1 16.0 ± 3.7 15.4 ± 2.9 13.2 ± 2.6 12.0 ± 2.4 11.8 ± 2.4 11.6 ± 2.4
 Cycle time (%) 5.0 ± 1.1 14.6 ± 4.1 12.5 ± 3.8 11.5 ± 2.7 8.2 ± 2.3 7.1 ± 2.4 7.3 ± 2.3 7.0 ± 2.4
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To the best our knowledge, there are no studies investi-
gating changes in the stability of masticatory movements 
over time after insertion of implants denture. In the present 
study investigating to the stability of the masticatory move-
ment path and rhythm after insertion of implants denture, 
large means with large standard deviations were obtained 
for the parameters assessed at 1 month after insertion of 
implants denture; the means and standard deviations gradu-
ally decreased by 6 to 9 months after, essentially plateauing 
thereafter. These results appear to imply that the masticatory 
movement is unstable and there is a large individual differ-
ence until 6 to 9 months after insertion of implants denture; 
however, as the patient acquires new masticatory function 
by 9 to 12 months, the function is maintained at the acquired 
levels thereafter. In this study, masticatory performance was 
not investigated, so it cannot be made a definite statement. 
However, since it had been reported that there was a positive 
correlation between stability of masticatory movement and 
masticatory performance [26], it is easy to speculate that 
masticatory performance increases as masticatory movement 
stabilizes. Actually, it was reported that masticatory perfor-
mance didn’t improve at 20 days, but improved 8 months 
after insertion of implants denture [24]. The finding of this 
study also supports the notion that a certain length of time, 
usually about 9 months to 1 year after insertion of implants 
denture, is required for the patient to adapt to the newly 
acquired masticatory function. This supports the report that 
there was no significant improvement in the masticatory 
movement at 6 months after insertion of implants denture 
[18]. Thus, follow-up for at least 9 months, preferably 1 year 
after implant treatment, is needed for appropriate evalua-
tion of the masticatory function in patients with implants 
denture.

Trulsson et al. [27] measured the force for holding a pea-
nut between the upper and lower jaw incisors for approxi-
mately 3 s, using a strain gauge in dentate subjects (natural 
teeth) with intact periodontal ligament receptors, a complete 
denture group with intact oral mucosal receptors, and an 
implant-supported denture group, and found that the mean 
hold force was remarkably less in the natural teeth group 
(0.59 N) as compared to the significantly greater hold force 
in the complete denture group (2.21 N) and implant-sup-
ported denture group (2.63 N), and the standard deviations 
were also markedly higher in the complete denture group 
(1.02 N) and implant-supported denture group (1.05 N) than 
in the natural teeth group (0.23 N). These findings suggest 
that the loss of the periodontal ligament receptors is not 
compensated for in the complete denture group and implant-
supported denture group. It may be noted that all subjects 
enrolled in the complete denture and implant-supported den-
ture groups had been wearing dentures for more than 1 year 
and were satisfied with their dentures. Grigoriadis et al. 
[28] investigated the masticatory movement and muscular Ta
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activity during mastication of two kinds of foods with dif-
fering hardnesses between subjects with implant-supported 
bridges in both jaws 1 year earlier and subjects with a set of 
natural teeth. They described that the subjects with implant-
supported bridges showed smaller differences in the degree 
of vertical movement and a smaller decrease in the muscular 
activity associated with progressing mastication, and hence 
resulting in failure to adapt to foods of varying hardness. 
The results of the present study demonstrated that patients 
acquired new masticatory movement during the first 9 to 
12 months after insertion of implants denture, and although 
each parameter value representing stability of masticatory 
movement approached the value of the control group, there 
were significantly differences on the 2 parameters out of 
7 parameters. These results may be due to the inability to 
compensate for the loss of periodontal ligament receptors 
in toothless patients with implants denture [27]. It may be 
said, therefore, that the masticatory function of the patients 
with implant-supported denture is slightly inferior to that of 
dentate adults.

Conclusion

To clarify the changes and the time to restoration in the mas-
ticatory function over time in patients with implants denture, 
the parameters representing the stability of the masticatory 
movement of patients after insertion of implants denture 
were calculated and compared between sessions. The results 
suggested that a certain duration, about 9 months to 1 year, 
to adapt to the newly masticatory function was needed for 
the patients with implants denture and that the timing of 
functional evaluation should be set to 1 year after insertion 
of implants denture.
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