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Abstract
Background: The appropriate loading protocol to improve masticatory performance (MP) is still unclear in elderly
patients and two-implant overdentures (2-IODs) wearers. This study aimed to compare the long-term MP and
maximum occlusal force of immediate loading (IL) and conventional loading (CL) of 2-IODs retained by magnetic
attachments. Nineteen edentulous patients were randomly assigned to either an IL (n=10) or CL group (n = 9). In
the IL group, the implant was loaded on the same day as insertion, whereas it was loaded 3 months after insertion
in the CL group. Magnetic attachments were used to retain all overdentures to the implants. MP, measured by a
piece of color-changeable chewing gum and a gummy jelly test, and maximum occlusal force, measured using an
occlusal force measuring device, were assessed in both groups at baseline and at 3-, 4-, and 5-year follow-ups.
Results: No significant differences were observed in the MP and the maximum occlusal force between the IL and
CL groups at any time point. However, a significantly higher MP was observed at the 3-year time point in the IL
group (P = 0.036). The maximum occlusal force revealed a significant correlation with MP, both with the colorchangeable chewing gum and gummy jelly at 5 years.
Conclusion: After long-term observation, no significant differences in MP and maximum occlusal force were
observed between the IL and CL groups. However, compared to pre-implant insertion of the complete denture, the
MP in the IL group significantly improved at 3 years. Furthermore, the maximum occlusal force was significantly
correlated with MP at 5 years.
Trial registration: UMIN, UMIN000009889. Registered on 28 January 2013.
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Background
In numerous studies, it has been observed that the masticatory performance (MP) has improved significantly in
patients using mandibular overdentures and dental implants compared to patients using complete dentures
(CDs) [1–5]. In the McGill Consensus Statement published in 2002, many investigators agreed that the basic
restoration for an edentulous mandible should be an
implant-supported overdenture with two implants
placed in the anterior mandible [6]. Thus, two-implant
overdentures (2-IODs) should be considered a possible
alternative treatment for patients with edentulous mandibles [7, 8]. Significant improvement in MP with 2IODs retained by a bar attachment has been reported in
several studies [7, 9–12]. However, MP of 2-IODs
retained by magnetic attachment was less reported than
other attachments [4]. Magnetic attachments offer several advantages, including low profile, reduced horizontal stress transmission to implants, and reduced
prominence of dentures. Moreover, the magnets are simple, easy to use in clinical practice, ease prosthesis insertion, and enhance patient comfort [8, 13–15]. However,
the corrosion of magnet material has been identified and
significantly lowered retention and stability compared to
ball and locator attachments [8].
According to the conventional loading (CL) protocol,
the overdenture is attached during a second procedure
after a healing period of 3–6 months, with a two-stage
(submerged) implant placement protocol [16–18]. For
immediate loading (IL), the overdenture with attachment
system is placed in occlusion with the opposing dentition immediately or in less than 48 h of implant placement, with a one-stage (non-submerged) implant
placement protocol [18–21]. The use of IL protocols
may offer several advantages compared to the CL protocol, including avoiding instability of the denture during
the healing period, reducing multiple rounds of relining
of transitional prostheses [22], shortening the treatment
period [23], improving patient acceptance, improving
function, and eliminating the need for a second surgical
intervention [24]. On the other hand, the IL of implants
may result in larger micromotions at the implant-bone
interface and disturb the healing process of osseointegration [25, 26]. In a randomized controlled trial (RCT)
study, Passia et al. [27] reported no significant difference
in MP between the loading protocol of single implant
overdentures (1-IODs) retained by ball attachment during a 4-month evaluation period. A recent systematic review with meta-analysis reported a similar implant
success rate and marginal bone loss in the IL protocol
compared to the CL protocol [28, 29].
Nevertheless, more robust evidence is needed to determine whether IL or CL provides satisfactory results over
time for the unsplinted mandibular 2-IODs. There are
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no RCTs comparing the MP of mandibular 2-IODs
retained by magnetic attachment with IL to that with
the CL approach at the 5-year follow-up period in the
current literature. Notably, these outcomes with a 3-year
follow-up have been published, and only one difference
was found between IL and CL in the gummy jelly test
after 6 months [30]. The present RCT aimed to compare
the MP and maximum occlusal force of immediately and
conventionally loaded mandibular 2-IODs and compare
the baseline measures within each group with those at
each evaluation time point (3-, 4-, and 5-year followups) after implant insertion. Secondly, we aimed to investigate the correlation between maximum occlusal
force and MP at 5 years’ follow-up of 2-IODs with magnetic attachment.

Methods
Study design

This study was a randomized, unblinded, parallel, and
controlled clinical study with a 5-year follow-up. Participants underwent oral rehabilitation with 2-IODs at the
Department of Gerodontology and Oral Rehabilitation
clinic in Tokyo Medical and Dental University (TMDU)
between 2012 and 2013. All study participants provided
written informed consent. This study was conducted in
accordance with the guidelines of the Declaration of
Helsinki. The recruitment and treatment protocols were
conducted according to the Ethical Review Committee
of the Faculty of Dentistry, TMDU (registration number
693). This study was registered with the University Hospital Medical Information Network (UMIN) Center
(UMIN000009889).
Participants

Nineteen participants were enrolled in this RCT. The inclusion criteria were completely edentulous mandible
and any opposing maxillary remaining teeth conditions,
edentulous mandible for at least 6 months, no bone augmentation requirement, and good oral hygiene. The exclusion
criteria included the presence of any systemic conditions that
included compromised implant surgery, a history of chemotherapy or radiotherapy to the head and neck region, a history
of taking bisphosphonate, and heavy smoker status.
The participants were randomly assigned to either the
test group (IL), where the implants were immediately
loaded, or the control group (CL), where the implants
were submerged in the mucosa and loaded after 3 months
of healing. A preoperative prosthetic evaluation of the
existing prostheses was performed by a certified prosthodontist (M. K). A randomized treatment allocation was executed using a stratified randomization method to ensure
pretreatment comparability of the groups with respect to
age, gender, and the American College of Prosthodontists
(ACP) classification [31]. A detailed description of the
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randomization was described in a previous study along
with the preliminary sample size calculation (n=10) [30].
Surgical and prosthetic procedures

The surgical and prosthetic procedures utilized in this
study followed the protocols described in a previous report [32]. The participants were required to have adequate bone volume in the intraforaminal region for
placement of 2-IODs (Nobel Speedy Groovy RP, 4 mm
in diameter, 10–18 mm in length; Nobel Biocare, Gothenburg, Sweden) without bone augmentation. The 2IODs were usually positioned in the canine or lateral incisor sites. All implants were placed by the same experienced implantologist (D.S). A surgical guide was
manufactured and used during surgery. Insertion torque
values between 25 and 30 Ncm were considered adequate for the IL, and greater than 35 Ncm for the CL
group. In the IL group, implant keepers (Magfit, Aichi
Steel Co, Aichi, Japan) with a diameter of 4.7 mm and
an appropriate height (3.0, 4.0, or 5.5 mm) were connected to each implant. Insertion torque values between
25 and 30 Ncm were considered adequate for the IL.
Magnet assemblies were then integrated into the intaglio
surface of the dentures intraorally using autopolymerizing acrylic resin (Unifast III, GC, Japan). In the CL
group, two healing abutments were connected to the implants. The inner aspects of the denture base around the
healing abutments were relieved during a 3-month healing period. Three months after implant surgery, the
healing abutments were replaced with implant keepers
of the appropriate height. Magnetic assemblies were
picked up in the same manner as that described for the
IL group.
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center. ΔE values were evaluated using the following
formula:
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ΔE ¼ ðL −72:3Þ2 þ ða þ 14:9Þ2 þ ðb −33:0Þ2
The number of chewing cycles (N) was calculated
using the following formula and defined as the evaluation value [34].
ΔE ¼ 73:2−

2:85  107
1 þ e9:9510

−3ðNþ1:35103 Þ

Gummy jelly

A gummy jelly (UHA Mikakuto, Japan) was used as the
test item. The participants were instructed to chew the
gummy jelly 30 times. Then, the patients expectorated
the comminuted jelly as thoroughly as possible into a
paper cup. After that, the comminuted gummy jelly was
evaluated on a scale of 1–10 using the visual scoring
methods described by Nokubi et al. [35].
Maximum occlusal force

The maximum occlusal force was measured using an occlusal force measuring device (Occlusal Force-Meter
GM 10, Nagano Keiki, Japan). The devices were positioned unilaterally on the right and left sides of the first
molar. Participants were instructed to bite as hard as
possible on the device for 3 s. The measurements were
repeated three times on each side. The average of the
highest unilateral right and left measurements was used
for data analysis.
Statistical analysis

Outcome measures

MP was measured by a piece of color-changeable chewing gum and a gummy jelly test in addition to measurements of maximum occlusal force in all participants
before implant placement (baseline) and at 3, 4, and 5
years after implant placement.
Color-changeable chewing gum

Color-changeable chewing gum (Masticatory Performance Evaluating Gum Xylitol, Lotte, Japan) was evaluated, as described by Hama et al. [33]. The participants
were instructed to chew the gum 60 times freely, at a
speed of one chewing cycle per second. The chewed
gum was flattened to a thickness of 1.5 mm by compression in polyethylene films between two glass plates and
evaluated immediately after chewing. Then, L*, a*, and
b* values were measured using a colorimeter (CR-13,
Konica-Minolta Sensing, Japan) using the CIECLB color
system at five points: the center and approximately 3
mm above, below, to the right, and to the left of the

All statistical analyses were performed using SPSS software version 24 (SPSS Inc., Chicago, IL, USA). The normality of the data was tested using the KolmogorovSmirnov test. The baseline characteristics of the participants were compared using the non-paired t-test and
the chi-square test. The Mann-Whitney U test was used
to analyze differences in MP and maximum occlusal
force between the two loading groups. The differences
in the MP and maximum occlusal force between the
baseline and 3, 4, and 5 years within each group were
compared using the Wilcoxon signed-rank test. The
Bonferroni correction method was applied for multiple
comparisons. Pearson correlations were performed to
determine the association between the maximum occlusal force and MP at the 5-year time point. Statistical significance was set at P < 0.05.

Results
The patient flow diagram and allocation during the
study are reported in Fig. 1. The baseline characteristics
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of the participants are shown in Table 1. All the participants were wearing a CD in the maxillary arch with the
exception of 3 participants in the IL group and 2 participants in the CL group. For the 3-year assessment, 15
participants were evaluated in this study. There were no
significant differences in age, sex, or ACP classification
between the two groups.
Table 2 presents the median of MP and maximum occlusal force for 3-, 4-, and 5-year follow-ups. There were
no significant differences in the color-changeable chewing gum, gummy jelly, and maximum occlusal force between the IL and CL groups at any evaluation time
point. Table 3 presents the within-group comparison of
MP and maximum occlusal force from baseline to 3-, 4-,
and 5-year evaluation time points. The color-changeable
chewing gum scores were significantly higher than the
baseline at the 3-year evaluation time point in the IL
group, but there were no significant differences in 4and 5-year evaluation time points. For the CL group,
there were no significant differences in any evaluation
time point (Table 3). However, the color-changeable
chewing gum scores in both groups tended to increase
when the evaluation time point increased (Table 2). The
gummy jelly score was not significantly different from
baseline in any evaluation time point within each group
(Table 3). The gummy jelly score in both groups tended
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to decrease when the evaluation time point increased
(Table 2). The maximum occlusal force was not significantly different from baseline in any evaluation time
point in either group (Table 3).
A Pearson correlation test was carried out to evaluate
the correlation of MP and maximum occlusal force, and
the correlation was statistically significant. A statistically
significantly positive correlation between the maximum
occlusal force and MP, both with color-changeable
chewing gum (r = 0.676, P = 0.007, Fig. 2) and gummy
jelly (r = 0.537, P = 0.025, Fig. 3), was observed at the 5year evaluation time point. The correlation coefficient
(r) with color-changeable chewing gum tended to be larger than that with gummy jelly.

Discussion
With this unblind, parallel, randomized, and controlled
clinical trial, we aimed to provide more evidence on the
MP outcome of two loading protocols using a magnetic
attachment. The overall result revealed no significant
differences in color-changeable chewing gum, gummy
jelly, and maximum occlusal force between the IL and
CL groups at any evaluation time point. However, the
results of this study indicated a positive correlation between maximum occlusal force and MP at the 5-year
follow-up.

Fig. 1 CONSORT flow diagram of participants enrollment, intervention, follow-up, and data analyses in the immediate loading group compared
with the conventional loading group
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Table 1 Baseline characteristics of participants
Characteristics

Immediate group (n=10)

Conventional group (n=9)

Total (n=19)

P value

Age (SD)

69.2 (10.6)

66.6 (9.1)

68.4 (9.9)

0.57†

Gender

6 men

3 men

9 men

0.25‡

4 women

6 women

10 women
0.89‡

ACP classification
I

2

2

4

II

3

2

5

III

4

3

7

IV

1

2

3

3 dentulous

2 dentulous

5 dentulous

7 edentulous

7 edentulous

14 edentulous

Maxillary occlusion status

SD standard deviation, ACP American College of Prosthodontists
†
Independent sample t-test
‡
Chi-square test

The outcome variables used in this study were MP
and maximum occlusal force. These factors are generally
accepted to assess the masticatory function of participants. When comparing the median of color-changeable
chewing gum, gummy jelly, and maximum occlusal force
between the IL and CL groups, statistically significant
differences were not observed at any time point. However, a trend toward a further increase in colorchangeable chewing gum has been reported within both
groups. No difference in MP between the IL and CL
groups can, in part, be explained by the performance of
the implant material utilized in the present study. In
particular, the evolution of implant systems, designs, and
surface properties has allowed for shortened healing
times. It was expected that the IL group would exhibit
significantly higher MP than CL group, whereas the

current study was analyzed in long-term follow-up starting from 3 years. These may have contributed to the
high bone-to-implant contact and enhanced bone deposition [36]. Moreover, there were no significant differences in ACP classification between the IL and CL
groups, which might have affected the results of longterm observation. In addition, long-term follow-up may
contribute to neuromuscular adaptation after implanttreatment and reported an increase in myodynamic and
electromyography parameters approaching the values for
normal dentate subjects [37]. Furthermore, the lack of a
significant increase may be related to the small sample
size of both groups.
However, factors that can evaluate the effect of the
loading protocol are not only MP and maximum occlusal force. Several studies reported no significant

Table 2 Median values for masticatory performance and maximum occlusal force between two loading groups
Median [first, third quartile]
Baseline

3 years

4 years

5 years

Color-changeable chewing gum score
Immediate

60.0 [38.7, 72.7]

104.2 [94.6, 118.5]

128.9 [115.0, 144.0]

146.0 [123.8, 162.8]

Conventional

53.3 [26.4, 73.4]

110.4 [76.0, 130.2]

134.4 [121.2, 155.8]

141 [96.6, 149.3]

P value

0.657

1.00

0.668

0.317

Gummy jelly score
Immediate

2 [0.75, 3]

5.5 [4, 6]

5 [2, 7]

3 [2, 7]

Conventional

1 [0.25, 3]

4 [1, 5]

4 [0.75, 5.25]

3.5 [2.25, 4.5]

P value

0.749

0.292

0.387

0.771

Maximum occlusal force (N)
Immediate

165.0 [117.5, 197.8]

286.0 [254.5, 325.3]

220.0 [193.0, 445.0]

322.0 [155.0, 328.0]

Conventional

136.5 [95.8, 234.5]

268.0 [232.0, 559.0]

323.0 [153.0, 477.0]

259.0 [174.0, 397.3]

P value

0.824

0.728

0.886

0.886

The median, first quartile, and third quartile values for masticatory performance (color-changeable chewing gum, gummy jelly) and maximum occlusal force
between two loading groups from baseline to 3, 4, and 5-year evaluation time point
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Table 3 Comparison of P values in masticatory performance
and maximum occlusal force within each group
P value
3 years

4 years

5 years

Color-changeable chewing gum
Immediate

0.036*

0.054

0.054

Conventional

0.054

0.084

0.129

Gummy jelly
Immediate

0.075

0.174

0.312

Conventional

0.342

0.504

0.501

Immediate

0.075

0.189

0.054

Conventional

0.054

0.138

0.138

Maximum occlusal force

The P values for difference in masticatory performance (color-changeable
chewing gum, gummy jelly) and maximum occlusal force within each group
between baseline to 3, 4, and 5-year evaluation time point
*P value < 0.05

differences between IL and CL groups at different
follow-up time points in each study, such as marginal
bone loss [16, 17, 21, 38], and clinical outcomes, including plaque, gingival score, probing depth, and implant
stability [21, 38]. The present data are in agreement with
previous studies, which reported that MP increased over
time with the transition from CDs to IODs, independent
of the loading protocol [27]. Schuster et al. [39] reported
no significant differences in MP between the groups at

Fig. 2 The scatter diagram shows the relationship between
maximum occlusal force and color-changeable chewing gum.
Significant positive correlation was observed (r = 0.676, P = 0.007) in
a 5-year follow-up period. Solid line represents the regression line

Fig. 3 The scatter diagram shows the relationship between
maximum occlusal force and gummy jelly. Significant positive
correlation was observed (r = 0.537, P = 0.025) in a 5-year follow-up
period. Solid line represents regression line

the 1-year follow-up. Furthermore, the results from this
current study present a new outcome for long-term
follow-up of MP and maximum occlusal force to the author’s knowledge. However, similar to the short followup time point in this current study, another study with a
short follow-up time point by Komagamine et al. [30] reported only one difference between CL and IL in the
gummy jelly test after 6 months of implant placement.
According to Giannakopoulos et al. [40], an improvement in the MP of the IL of 2-IODs wearers after 3
months of function was observed, irrespective of the retention system used.
In the current study, an increase in MP and maximum
occlusal force was reported within each group. The
present data are in agreement with previous studies [1,
2, 4, 7, 12], in regard to the fact that 2-IODs were higher
for improvement in MP than the provision of CDs. The
color-changeable chewing gum was significantly higher
than the baseline at the 3-year evaluation time point for
IL group. The color-changeable chewing gum is soft and
relatively comfortable to chew and form a bolus, which
may be suitable for participants with compromised MP
[41]. The mixing ability of the overdentures might have
been influenced by the abraded denture teeth and might
be correlated with occlusal contact area than community
ability [42]. On the other hand, there was no significant
difference in gummy jelly within each group at any
evaluation time point. The texture of gummy jelly is
elastic and might be too hard or bulky for edentulous
patients with impaired mastication. Furthermore, the
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denture causes high attrition of the anatomical form of
denture teeth, muscle weakness, and frailty of the participant; thus, it is more difficult to bite gummy jelly
than bite the color-changeable chewing gum. There was
no significant difference in the maximum occlusal force
within each group at any evaluation time point. However, after the insertion of 2-IODs compared to preimplant insertion of CD, the maximum occlusal force
was improved in both the groups compared to baseline,
similarly to previous studies [2, 4, 40]. The improvement
of MP in this study was still observed after direct implant treatment. Thus, implant treatment greatly improves oral function over a long period [2].
The results of this study indicated a positive correlation between the MP and the maximum occlusal force
at the 5-year follow-up. According to Fontijn-Tekamp
et al. [43], a significant correlation between the maximum occlusal force and chewing efficiency was reported. In addition, our results indicate that the positive
correlation coefficient of maximum occlusal force was
likely to be higher with the color-changeable chewing
gum (r = 0.676, P = 0.007) than with gummy jelly (r =
0.537, P = 0.025). Yamada et al. [44] reported that the test
gummy jelly was significantly correlated with occlusal
force and occlusal contact area. Thus, it was suggested
that community ability is more easily influenced by factors
related to the teeth or masticatory muscles than by tongue
and lip functions. However, MP is not explained by maximal occlusal force alone. It is known that motor functions
of masticatory organs such as the tongue, lips, cheeks, and
mandible deteriorate with age and influence MP. Further
investigation will be needed in a future study.
A post hoc analysis indicated that the statistical power
for detecting differences in MP between the two loading
groups for the 5-year evaluation period was 0.15, with a
large effect size of 0.57. However, the power statistic
value was quite small, which was attributed to the small
sample size. Thus, this work should be considered a preliminary study. In a future study, an increase in the sample size of each group to 50 participants would increase
substantially the power statistic value to 0.80.
One of the limitations of the present study was the
small sample size; although participants had a long
follow-up period, a single participant could have a large
influence on the study results. However, the change in
oral masticatory function could have been demonstrated
in a much larger group of participants. Thus, the investigation should be considered a preliminary study. Nonetheless, numerous confounding factors may have
affected the long-term outcomes reported, such as inconsistency of the participants’ maxillary occlusion status, elevator muscles, oral motor function, food texture,
and food amount for each masticatory cycle. These confounding factors should be considered in future RCTs.
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Conclusions
Based on the findings of this current study, the following
conclusions were observed:
1. After the long-term observation of 2-IODs with
magnetic attachment, no significant differences in
MP and maximum occlusal force were observed between the IL and CL.
2. Compared to pre-implant insertion of CD, the MP
and maximum occlusal force tended to improve,
and the MP measured by color-changeable chewing
gum significantly increased at 3 years.
3. At 5 years, the maximum occlusal force was
significantly correlated with the MP, both with the
color-changeable chewing gum and gummy jelly.
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