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ABSTRACT

Purpose: To investigate factors affecting the antagonistic and adjacent teeth in patients after
implant restoration and prosthetic rehabilitation.

Methods: In total, 160 patients who visited Kyungpook National University Dental Hospital
for implant surgery, prosthesis placement, and supportive periodontal therapy (SPT) were
included in this study. The average follow-up period was 88.06 months, and the maximum
was 175 months. Patients’ history of smoking, diabetes, hypertension, and osteoporosis

was investigated, and panoramic radiographs were taken after surgery and prosthetic
treatment. During the follow-up period, extraction and prosthetic/endodontic treatments of
the antagonistic and adjacent teeth were analyzed. The statistical analyses were performed
using descriptive statistics, the chi-square test, the Fisher exact test, and multiple logistic
regression analyses.

Results: Treatment was performed on 29.4% of the studied antagonistic teeth with
extraction performed in 20.0% and prosthetic treatment in 10.0%. Furthermore, 19.4%

of the studied adjacent teeth underwent treatment, of which extraction was performed in
12.5% and prosthetic treatment in 7.5%. The treatment rate for adjacent teeth was 25.3% in
smokers, which was higher than that of non-smokers (12.3%) (£=0.039). Patients who were
non-adherent to SPT showed a significantly higher rate (19.6%) of antagonistic prosthetic
treatment than did those who were adherent (5.5%) (2=0.006).

Conclusions: Implant restoration can affect the adjacent and antagonistic teeth. Smoking,
osteoporosis history, and absence of SPT may be risk factors for the treatment of the adjacent
and antagonistic teeth.

Keywords: Dental implants; Dental prosthesis; Follow-up studies; Patient compliance;
Survival; Treatment outcome

INTRODUCTION

Economic growth and medical developments have led to improvements in living standards
and life expectancy, and aging-related problems have rapidly become more widespread

throughout the world [1]. As a consequence, up to 20 million tooth extractions per year [2],
followed by 700,000 implants per year to restore the edentulous sites, were reported in the
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United States [3]. The importance of functional and aesthetic dental implants that are similar
to natural teeth and do not affect adjacent teeth has been emphasized [4].

Status changes after implant restoration

Osseointegrated implants, unlike natural teeth, react differently against occlusal forces

due to the absence of the periodontal ligament [5]. Urdaneta et al. [6] reported increased
bone loss of natural teeth when an opposing structure consisting of an implant-supported
restoration was present. Furthermore, Urdaneta et al. [7] compared the amount of bone loss
between implants and natural teeth as opposing structures and reported that the amount of
bone loss was higher when an implant was used as the antagonist. These results imply that
natural teeth serving as antagonists to implants may be more vulnerable than those that are
antagonists to natural teeth. In terms of the effect of implant treatment on the adjacent teeth,
Misch et al. [8] reported that only minimal treatment was performed for natural teeth around
a single implant over a 10-year follow-up period, whereas Yoshino et al. [9] reported a high
rate of loss of teeth adjacent to implants. Based on these reports, consistent conclusions have
not been reported about changes in teeth adjacent to implants, and this issue is therefore
worth further study.

Little research has been conducted on the prognosis of natural teeth with implants as
antagonistic or adjacent teeth. Furthermore, no long-term studies of natural teeth as
implant-antagonistic and/or implant-adjacent teeth have conducted to the authors’ best
knowledge. The purpose of this study was to investigate changes and patient-related
factors affecting the antagonistic and adjacent teeth after implant insertion and prosthetic
rehabilitation.

MATERIALS AND METHODS

In total, 160 patients who visited Kyungpook National University Dental Hospital between
September 2004 and September 2019 for implant surgery in the posterior area, prosthesis
placement, and supportive periodontal therapy (SPT) were included in this study. Patients
who did not visit the hospital at least once for SPT after implant surgery and prosthetic
treatment were excluded.

Panoramic radiographs were taken after implant placement and prosthesis delivery. All
radiographic analyses were based on panoramic radiographs, comparing preoperative
radiographs to those from the final recall. The extraction and prosthetic/endodontic
treatment of the antagonistic and adjacent teeth were analyzed.

Patient-related factors affecting the natural teeth around implants were recorded. For
example, information was recorded on patients’ smoking status, diabetes, hypertension,
and osteoporosis history. To verify the relationships between the incidence of treatment and
SPT adherence, the SPT interval of each patient was examined. The planned appointment
interval of the patients included in this study was 6 months. SPT adherence was categorized
into 2 groups (adherence: inter-appointment interval <6 months, non-adherence: inter-
appointment interval >6 months) [10].

The research protocol of this study was reviewed and approved by the Research Ethics
Committee, Kyungpook National University (KNUH 2014-07-050-001).
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Descriptive statistics were calculated for the characteristics of patients, relevant factors for each
patient, and the location and number of implants. The chi-square test and Fisher exact test were
performed for the association between the characteristics of each patient and all results between
the antagonistic and the adjacent teeth of the implant. Multiple logistic regression analyses were
performed to calculate odds ratios for risk factors. Data were expressed as mean and standard

Status changes after implant restoration

deviation, and relationships were considered to be statistically significant when the Pvalue was
below 0.05. All analyses were performed with SPSS version 23.0 (IBM Corp., Armonk, NY, USA).

RESULTS

In total, 269 implants were placed in 160 patients, of which 11 implants failed. The survival
rate was 95.91% and the mean follow-up period was 88.06 months. This survival rate is
similar to the rates reported in previous studies [11-13].

Data on patients' sex (men: 56.9%, women: 43.1%), age (mean: 60.88 years), follow-up
period (mean: 88.06 months), and patient-related factors are shown in Table 1. The location
and distribution of implant placement are shown in Table 2. In this study, 88.8% of patients
had a follow-up period of more than 5 years, and 55.0% had a follow-up that was longer than
7 years (Table 1).

Systemic characteristics of patients

Variables Values
Sex

Men 91 (56.9)

Women 69 (43.1)
Age (years) 60.88+9.56
Follow-up period 88.06+27.09

> 7 years 88 (55.0)

5-7 years 54 (33.8)

<5years 18 (11.3)
Diabetes

Yes 23 (14.4)

No 137 (85.6)
Hypertension

Yes 34 (21.3)

No 126 (78.8)
Smoking

Yes 87 (54.4)

No 73 (45.6)
Supportive periodontal therapy adherence

Adherence 109 (68.1)

Nonadherence 51(31.9)

Values are presented as number (%) or mean=standard deviation.

Location and distribution of implant placement (n=269)

Variables Values
Maxilla
Premolar 51(19.0)
Molar 147 (54.6)
Total 198 (73.6)
Mandible
Premolar 15 (5.6)
Molar 56 (20.8)
Total 71(26.4)

Values are presented as number (%o).
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The proportions of extraction, prosthesis placement, and treatment of antagonistic and adjacent teeth.

Status changes in the antagonistic and adjacent teeth were evaluated in terms of extraction,
prosthesis (crown, resin filling, amalgam filling, glass ionomer filling, etc.), and total
treatment. In total, 29.4% of the antagonistic teeth underwent treatment, with extraction
performed in 20.0% of cases and prosthetic treatment in 10.0%. Some of the antagonistic
teeth received both extraction and prosthetic treatments, resulting in a greater combined
rate than the total treatment rate. Furthermore, 19.4% of the adjacent teeth experienced
treatment, which was lower than the proportion for antagonistic teeth by 10%. Extraction
and prosthetic treatment were performed in 12.5% and 7.5% of adjacent teeth, respectively.
Some of the adjacent teeth also received both extraction and prosthetic treatments. The
extraction rate was high in both the antagonistic and the adjacent teeth, and the proportion
of teeth that were treated was higher for the antagonistic teeth (Figure 1).

Although a high rate of treatment was found in the 50- to 60-year age group, no statistically
significant relationship was found between age and treatment. In the analysis of sex and
treatment, 22.0% of antagonistic teeth were extracted in men and 17.4% in women, while the
corresponding percentages for adjacent teeth were 7.7% in men and 18.8% in women. Only the
ratio of extraction of the adjacent teeth showed a statistically significant difference (2=0.035).
A higher percentage of smokers (25.3%) underwent treatment in the adjacent tooth than non-
smokers (12.3%), with a statistically significant Pvalue of 0.039. Patients with osteoporosis
(40.0%) showed higher rates of prosthetic treatment of the antagonistic teeth compared to
those without osteoporosis (9.0%). Patients with low SPT adherence had a higher rate (19.6%)
of receiving an antagonist prosthesis than those who were adherent (5.5%), and this was a
statistically significant difference. Of 160 patients, 34 patients had hypertension, of whom

10 (29.4%) had their antagonistic teeth extracted. In contrast, only 22 (17.5%) of the 126
patients with no history of hypertension had extraction of their antagonistic teeth. However,
the difference in the ratio of antagonist extraction between patients with and without
hypertension was not statistically significant. It was notable that patients with diabetes did not
have a higher rate of treatment of antagonistic and adjacent teeth than those without diabetes.
No other factors that influenced the results were found (Table 3).

Multiple logistic regression analyses were performed to calculate odds ratios for the
associations between risk factors and the outcomes (Table 4). For prosthesis placement and any
form of treatment of the antagonistic teeth, sex (male), osteoporosis, and SPT nonadherence
were risk factors. In addition, sex (female) and smoking were risk factors for the extraction of
the adjacent teeth and for any form of treatment of the adjacent teeth, respectively.
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The status of antagonistic and adjacent teeth according to implant- and patient-related factors

Variables Antagonistic teeth Adjacent teeth
Extraction Pvalue Prosthesis Pvalue Treatment Pvalue Extraction Pvalue Prosthesis Pvalue Treatment P value
placement placement
Sex 0.473 0423 0135 0.0359 0.187 0.288
Men 20 (22.0) 12 (13.2) 31(34.1) 7(7.7) 9(9.9) 15 (16.5)
Women 12 (17.4) 4 (5.8) 16 (23.2) 13 (18.8) 3(4.3) 16 (23.2)
Age, years 0.368 0.552 0.542 0.352 0.595 0.202
<40 0 (0) 1(33.3) 1(33.3) 0 (0) 0 (0) 0 (0)
40-49 5(38.5) 0 (0) 5 (38.5) 0 (0) 1(7.7) 1(7.7)
50-59 9 (16.1) 6 (10.7) 14 (25.0) 6 (10.7) 2 (3.6) 8 (14.3)
60-69 11 (18.6) 6 (10.2) 17 (28.8) 12 (20.3) 7 (11.9) 18 (30.5)
70-79 7 (28.0) 3 (12.0) 10 (40.0) 2 (8.0) 2 (8.0) 4 (16.0)
80-89 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Follow-up period (yr) 0.635 0.914 0.746 0.521 0.939 0.580
20 (22.7) 8(9.1) 28 (31.8) 13 (14.8) 7 (8.0) 19 (21.6)
5-7 9 (16.7) 6 (11.1) 14 (25.9) 6 (11.1) 4(7.4) 10 (18.5)
<S5 3(16.7) 2 (11.1) 5(27.8) 1(5.6) 1(5.6) 2 (11.1)
Diabetes 0.257 1.000 0.267 0.741 1.000 0.253
Yes 7 (30.4) 2(8.7) 9 (39.1) 2 (8.7) 1(4.3) 2 (8.7)
No 925 (18.2) 14 (10.2) 38 (27.7) 18 (13.1) 11 (8.0) 29 (21.2)
Hypertension 0.122 1.000 0.201 1.000 0.284 0.840
Yes 10 (29.4) 3(8.8) 13 (38.2) 4 (11.8) 4(1.8) 7 (20.6)
No 29 (17.5) 13 (10.3) 34 (27.0) 16 (12.7) 8 (6.3) 24 (19.0)
Smoking 0.068 0.71m 0.230 0.134 0.136 0.039%
Yes 29 (25.3) 8(9.9) 29 (33.3) 14 (16.1) 9 (10.3) 929 (25.3)
No 10 (13.7) 8 (11.0) 18 (24.7) 6 (8.2) 3(4.0) 9 (12.3)
Osteoporosis 1.000 0.023% 0127 0.391 0.518 0.265
Yes 1(20.0) 2 (40.0) 3(60.0) 0 (0) 0(0) 0 (0)
No 31(20.0) 14 (9.0) 44 (28.4) 20 (12.9) 12 (7.7) 31(20.0)
SPT adherence 0.932 0.006% 0.062 0.749 0.200 0.363
Adherence 29 (20.2) 6 (5.5) 927 (24.8) 13 (11.9) 6 (5.5) 19 (17.4)
Nonadherence 10 (19.6) 10 (19.6) 20 (39.2) 7 (13.7) 6 (11.8) 12 (23.5)

AStatistically significant (P<0.05).

Results of logistic regression for the dependent variable of status of the antagonistic and adjacent teeth

Variables Extraction Prosthesis placement Treatment
Pvalue Odds ratio 95% ClI Pvalue Odds ratio 95% ClI P value Odds ratio 95% Cl
Antagonistic teeth
Sex - - - 0.0212 6.460 1.324-31.509 0.0459 2.182 1.016-4.679
Osteoporosis - - - 0.004% 37181 3.115-443.808 0.047% 7.044 1.030-48.187
SPT compliance - - - 0.0029 6.369 1.950-20.803 0.0379 2.190 1.050-4.566
Adjacent teeth
Sex 0.008% 4.206 1.460-12.115 = = = = = =
Smoking = = = = = = 0.0439 2.574 1.029-6.436

Cl: confidence interval.
Igtatistically significant (P<0.05).

DISCUSSION

Implant dentistry has developed for over 50 years and has entered the mainstream of modern
dentistry; thus, the need for research on the long-term and systemic effects of implant
treatment has been growing [14]. The follow-up for the implants included in this study was
long-term (more than 7 years in 55% of implants).

Misch et al. [8] published a 10-year retrospective, multicenter study that evaluated posterior

single-tooth implants and the condition of the adjacent natural teeth. In their study, patients
with hypertension and diabetes were excluded and no information on smoking status was
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recorded. They reported that restoration treatment and endodontic treatment occurred in
15.9% and 5% of adjacent teeth, respectively, after posterior implant rehabilitation. These
results appear to be similar to the percentage of total treatment for adjacent teeth (19.4%) in
our study. However, the proportion of teeth that received prostheses, including restoration
and endodontic treatment, in our study was 7.5%, which differs from the rate reported in

Status changes after implant restoration

their study. In addition, information on adjacent teeth extraction was not provided in their
study, whereas the corresponding rate was 12.5% in our study. This discrepancy may have
occurred due to the differences in baseline status; in their study, implants were limited to
posterior single restoration cases, and patients with underlying diseases were excluded. The
period of the study was also different. The previous article was included patients treated
from 1996 to 2004, whereas our study analyzed follow-up results after implant placement
from 2004 to 2014, with the most recent records dating from 2019. Due to improvements

in implant technique during this time interval, teeth with a questionable prognosis may
have been more likely to be extracted and receive implant treatment than to be restored or
preserved. This trend in dentistry may have influenced the treatment plans.

An implant prosthesis requires the development of occlusal and interproximal contact
points, like a prosthesis made for natural dentition. When a contact point with an adjacent
tooth is set, the height and tightness would be specifically considered. However, since the
bone-implant interface has no capacity to allow movement of the implant, which differs from
natural teeth, the occlusal formation of an implant prosthesis in a special environment is
especially important. Moreover, many factors need to be considered, including simultaneous
bilateral contacts, smooth lateral contacts, equalization of the force of the final contacts,

and force distribution [15]. Considering difficulties in the manufacturing process of implant
prostheses, it can be cautiously predicted that the overall treatment rate in antagonistic teeth
will be higher than that in adjacent teeth.

Akpinar et al. [16] also reported that natural teeth subjected to constant occlusal forces after
implant rehabilitation were under high compression, which could lead to tooth intrusion.
These results suggest that implant restoration would change the contact points of antagonistic
natural teeth, which may affect plaque control in the long term and serve as a factor that
increases caries treatment. In addition, the possibility of traumatic force to antagonistic teeth
increases due to high compression forces. Nonadherence may delay the early detection of this
situation [10,17,18]. This can be shown by the fact that patients with low SPT adherence received
more prostheses in antagonistic teeth, with an odds ratio of 6.369 relative to the adherent group
in our study. However, several other factors influence the environment of antagonistic natural
teeth, such as implant type, fixture angulation, loading force, and prosthetic materials [19-21].
Therefore, further research is needed to explain the related factors.

The effect of systemic osteoporosis on the jaw bones is interesting, and a prior study
confirmed that osteoporosis is further enhanced by abnormal occlusal forces in alveolar bone
[22]. The results of our study also confirmed that the rate of prostheses in the antagonistic
teeth was significantly higher in patients with osteoporosis than in those without
osteoporosis. With occlusion after implant restoration, high compression forces may cause
alveolar bone changes in osteoporosis patients.

Diabetes and periodontitis are widely known to have a 2-way relationship, and diabetes has

been proven to be a risk factor for periodontal diseases [23]. However, no correlations were
found between diabetes and any other independent variables in the present study.
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Nobuyoshi et al. [24] reported that systemic blood pressure affected the pulsation of

the functioning periodontal tissue, and found that higher loads could cause both tooth
compression and circulatory damage [24,25]. This suggests that patients with hypertension
may experience damage to the periodontal ligament in functioning teeth. The extraction
rate of antagonistic teeth in patients with hypertension in our study was slightly higher than

Status changes after implant restoration

those of the adjacent teeth and the rate of prosthesis placement in the adjacent teeth, but no
significant difference was found.

Smokers showed significantly a higher treatment rate in adjacent teeth than non-smokers.
Several studies have shown relationships between caries and periodontitis prevalence

in natural teeth among smokers; in particular, it was found that caries were the cause of
adjacent teeth treatment, and this may also have been the cause of the implant-adjacent teeth
treatment in this study [26-31]. In addition, smokers were found to have a low level of dental
knowledge and a high proportion of poor oral hygiene. Accordingly, prosthesis placement or
extraction would have been performed [32-34].

Sex and smoking were shown to influence the treatment rate of adjacent teeth in this study,
while SPT compliance was shown to influence the treatment of antagonistic teeth in a
significant way. However, there seems to be more factors that affect antagonistic teeth. For
example, the occlusal force may be influential for the treatment of antagonistic teeth after
implant rehabilitation [11]. Therefore, factors such as materials, the implantation angle, and
the occlusal force of the implant rehabilitation itself should be further studied.

Our study focused on underlying diseases as factors affecting adjacent and antagonistic
teeth. The effect of aspects such as the location and distribution of implant placement on the
prognosis of adjacent and antagonistic teeth should be analyzed in future research.

In general, in cases of restoration treatment, which range from simple to deep caries, crown
restoration and/or root canal treatment can be considered. It is assumed that extraction was
performed due to periodontitis or traumatic occlusion that would not be resolved with such
forms of restorative treatment. Additionally, the possible presence of endodontic-periodontic
lesions and vice versa should not be neglected. For instance, restoration and extraction can
be done due to resolve a loose contact point and deep caries, respectively. Therefore, it was
challenging to categorize the specific reason for each treatment.

Based on our results, smoking affects the treatment of adjacent teeth, while SPT adherence
and osteoporosis history affect the prosthetic treatment of antagonistic teeth. Hypertension
may affect the treatment of antagonistic teeth. Patient-related factors should be thoroughly
analyzed before implant placement, and SPT should be performed regularly after implant
restoration. Furthermore, prevention should be a priority.
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