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Abstract
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Maintenance following implant treatment is essential to ensure long-term stability. Accordingly, the objective of

this study was to investigate the factors leading patients to discontinue maintenance following implant treatment.
Among the 729 patients that underwent implantation at the Department of Oral Implantology, Osaka Dental Uni-
versity Hospital from January 2008 to December 2012, 41 patients were excluded from the study. Exclusion criteria
comprised patients without a superstructure attachment, those who only underwent maxillary sinus floor augmenta-
tion procedures and those who discontinued visiting the hospital prior to superstructure attachment. Treatment was
discontinued in 181 patients. The rate of discontinuation was 26.6 %. The odds ratio (OR) in the adjustment model
was 1.552 (95 % Cl 1.078-2.236) in males when compared with females. When compared with those who were

30-64 years old, the OR was 5.818 (95 % Cl 3.017-11.220) in those 29 years old or younger and 1.561 (95 % Cl 1.021-
2.386) in those 65 years old or older. Moreover, when compared with those with a O'Leary’s Plaque Control Record of
all teeth and superstructures (PCR) level of 20 % or less following superstructure attachment, the OR was 2.113 (95 %
Cl 1.471-3.035) in those with a PCR level of 20 % or more following superstructure attachment. It is highly important
to decrease maintenance discontinuation, especially in patients aged 29 years old or younger with a PCR level of 20 %
or more following superstructure attachment. Moreover, a support system must be developed to enable patients
with difficulties visiting the hospital to continue their maintenance program.
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Background

In the clinical setting, prevention is becoming the focus
of attention rather than therapy, along with changes in
the understanding of dental disease. Considering that
the prevalence of periodontal disease in adults is very
high, the development of a preventive management sys-
tem that periodically and efficiently controls the onset
and progression of the disease, leading to a reduction
in tooth loss, is essential (Hideto et al. 1998). In recent
years, implant therapy has rapidly spread in Japan as a
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if changes were made.

treatment method for the replacement of missing teeth,
with good clinical performance having been achieved
(Krebs et al. 2015; Karoussis et al. 2004; Haas et al. 1996;
Buser et al. 2012; Lekholm et al. 1999; Covani et al. 2012;
Lambrecht et al. 2003). Moreover, the survival rate of
implants is lower in patients who do not undergo main-
tenance following therapy, and it has been found that
these patients also have a higher incidence of prosthetic
complications when compared with patients undergoing
regular maintenance (Roccuzzo et al. 2010; Costa et al.
2012; Hultin et al. 2007). Therefore, continued mainte-
nance is necessary to achieve long-term implant stabil-
ity. However, there are a considerable number of patients
who discontinue hospital visits for implant maintenance.
Therefore, the objective of this study was to identify the
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factors associated with discontinuation of the mainte-
nance phase in implant-treated patients.

Patients and methods

Research design

A case—controlled study design was employed, using the
database of the Department of Oral Implantology, Osaka
Dental University.

Setting and participants

The participants consisted of 729 patients who under-
went implant placement at the Department of Oral
Implantology, Osaka Dental University Hospital from
January 2008 to December 2012. The study was carried
out until October 31, 2014-.

Exclusion criteria

Among the 729 patients who underwent implantation, 41
patients were excluded from the study based on the follow-
ing criteria: patients without a superstructure attachment,
patients who only underwent the maxillary sinus floor
augmentation procedure, and patients who discontinued
visiting the hospital prior to superstructure attachment.

Investigation items

The following survey items were extracted for each par-
ticipant: address, sex, age at implant placement, O’Leary’s
Plaque Control Record of all teeth and superstructures
(PCR) level at the initial visit, PCR level following attach-
ment of the superstructure, the number of implants, and
the number of missing teeth.

Definition of the maintenance continuation

and discontinuation groups

We defined patients who were continuing maintenance
as of October 31, 2014 as the maintenance continua-
tion group (herein after referred to as the continuation
group), and patients who discontinued maintenance for
6 months or more as the maintenance discontinuation
group (herein after referred to as the discontinuation
group). Patients who discontinued maintenance a single
time were placed in the discontinuation group, even if
they later revisited the hospital for further maintenance.

Variables

The aforementioned survey items collected from subjects
in the continuation and discontinuation groups were set
according to the following category variables. The patients
were divided into two groups according to their address, i.e.,
whether it was within Osaka City (near the hospital loca-
tion), or outside Osaka City. The age at implantation was
divided into the three groups of <29 years old, 30—-64 years
old, and >65 years old. The PCR level at the initial visit was
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divided into two groups, <20 and >20 %, and the PCR level
following attachment of the superstructure was divided
into two groups, <20 and >20 %. Moreover, the number of
implants and missing teeth in the continuation and discon-
tinuation groups were used as continuous quantitative data.

Data measurement method

We used surgery data from Osaka Dental University and
the patients’ medical records to acquire relevant informa-
tion. Participant groups were extracted from the surgery
data book, with the participants’ survey items sampled
from the medical records, and confirmation was made
regarding whether maintenance was continued as of
October 31, 2014.

Statistical analysis

Among the 688 patients included in this study, 181
patients were in the discontinuation group, indicating a
discontinuation rate of 26.6 %.

The x* test, Fisher’s exact test, and Mann—Whitney U
test were conducted on each survey item in the continua-
tion and discontinuation groups. Subsequently, binomial
logistic regression analysis was carried out with discontinu-
ation of maintenance as the dependent variable and patient
address, sex, age at implant placement, number of implants,
PCR at initial consultation, and PCR following attach-
ment of the superstructure as the independent variables.
The stepwise variable selection method by likelihood-ratio
testing was used to select variables to measure the odds
ratio (OR) with a 95 % confidence interval (CI). All survey
items were used as category variables, while the number of
implants and missing teeth were used as continuous quan-
titative data. The IBM SPSS Statistics 22 software program
(IBM, Armonk, NY, USA) was used for statistical analysis.

Ethical considerations

This study was implemented according to the modified
declaration at Edinburgh, UK based on the Declaration of
Helsinki (October 2000). A research plan taking into con-
sideration the protection of human rights and benefits
to the subjects was proposed, and the study was carried
out upon approval from the Ethics Committee of Osaka
Dental University (authorization number: Osaka Dental
University Medical Ethics No. 110733) while ensuring the
protection of personal information.

Results

Table 1 provides a summary of the patients’ backgrounds.
Although no statistically significant difference was observed
between the continuation and discontinuation groups
regarding patient addresses, the number of implants, the
number of missing teeth, and the PCR level at the ini-
tial visit, a statistically significant difference was observed
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Table 1 Characteristics of patients’ backgrounds at Osaka
Dental University Hospital

Continuation Discontinuation p value
group group

Address

Within Osaka city 180 73

Outside Osaka city 325 110 0.326
Sex

Female 326 91

Male 179 92 0.001
Age

30-64 389 106

<29 16 31

65< 100 46 <0.001
PCR"

20 % or less 143 38

20 % or more 362 145 0.050
PCR2

20 % or less 306 70

20 % or more 199 113 <0.001
Number of implants

Median 2 2 0.141
Number of missing teeth

Median 4 5 0481

Proportions across levels of categorical variables were compared using the
x? testand Fisher exact test. Medians for continuous variables were compared
using the Mann-Whitney U test

Age age at implant placement, PCR"7 PCR level at the initial visit, PCR"2 PCR level
following attachment of the superstructure

between the two groups regarding sex, age, and PCR level
following attachment of the superstructure (Table 1).

According to the results of a logistic regression analysis,
sex, age, and PCR level following attachment of the super-
structure were extracted as independent factors. At step 1
of the adjustment model, age was added as a variable; subse-
quently, PCR level following attachment of the superstruc-
ture was added as a variable at step 2, and sex was added as
a variable at step 3. The OR of the adjustment model at step
3 was 1.6 (95 % CI 1.1-2.2) for males when compared with
females. It was 5.8 (95 % CI 3.0-11.2) for those <29 years
old in comparison with those 30—64 years old, and 1.6 (95 %
CI 1.0-2.4) for those >65 years old. Moreover, it was 2.1
(95 % CI 1.5-3.0) for PCR level of >20 % when compared
with <20 % following attachment of the superstructure
(Table 2). The predictive value of differentiation between the
predicted and actual value was 75.7 %.

Discussion and conclusion

In our department, the maximum maintenance interval fol-
lowing implant therapy is 6 months. Therefore, in this study,
the discontinuation group was differentiated at 6 months.
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Standards were set for each survey item and then
stratified. A PCR value of <20 % was the target prior to
implantation, so regarding the PCR level at the initial
visit and following attachment of the superstructure, the
subjects were divided into two groups, with 20 % as the
standard. The subjects were divided into three groups,
according to age, with the first group at <29 years old
because the average age at first marriage in Japan is
approximately 30 years old in both males and females.
The third group, >65 years old, was created because the
World Health Organization defines people aged 65 years
or older as “elderly”. Regarding the patient addresses, the
subjects were divided into two groups, those living inside
and outside Osaka City, because the hospital associated
with this study is located in Osaka City.

Revisits by the discontinuation group were not inves-
tigated in this study because it was difficult to conduct
a follow-up on the reasons for such visits. Moreover,
because the subjects were limited to patients visiting the
university hospital, there was a lack of generalizability.

Therefore, these factors are considered to be limitations
associated with this study. Because there are few objec-
tive investigations following implant therapy in other
epidemiologic studies, providing evidence using the data-
bases of multiple institutes may therefore be necessary in
future studies.

The subjects of this study were not a representation of
the general citizens of Japan, but rather consisted of peo-
ple who underwent implant therapy at a university hospi-
tal, which is an expensive private medical expense and is
not covered by the National Health Insurance System. In
an awareness survey conducted following attachment of
the superstructure, 41.7 % of patients (25/60) replied that
they feel anxiety regarding cleaning the implant (Tomoko
et al. 2007). Therefore, it is believed that the subjects of
this study have a relatively high interest in oral hygiene
when compared with the general public, and a greater
understanding of the importance of maintenance. Peri-
odical maintenance has a profound effect on preventing
inflammation in the tissues surrounding both implants
and natural teeth (Krebs et al. 2015; Karoussis et al. 2004;
Haas et al. 1996; Buser et al. 2012; Lekholm et al. 1999;
Covani et al. 2012; Lambrecht et al. 2003). Moreover, the
lack of adhesion to supporting periodontal therapy (SPT)
was associated with a higher incidence of bone loss and
implant loss (Tsuyoshi et al. 2011; Chinatsu and Junko
2007) mentioned that in their maintenance discontinua-
tion group, no significant difference was observed across
sex, age, address, and the number of remaining teeth
upon periodontal therapy (Kyoko et al. 1985; Mizuki et al.
1995, 2011). Similarly in our study, no significant dif-
ference was observed between the discontinuation and
continuation groups regarding patient address, number
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Table 2 Adjusted odds ratios for maintenance discontinuation by case definition

Odds ratio (95 % Cl), p value

Step 1 Step 2 Step 3
Age
30-64 1.0(ref) 1.0(ref) 1.0(ref)
<29 7.1 (3.75-13.5), <0.001 6.0 (3.1-11.5), <0.001 5.8(3.0-11.2), <0.001
65< 1.7 (1.1-25),0.012 1.7 (1.1-26),0013 1.6 (1.0-2.4),0.040
PCR

20 % or less

20 % or more
Sex

Female

Male

1.0(ref)
2.2 (1.6-3.2), <0.001

1.0(ref)
2.1(1.5-3.0), <0.001

1.0(ref)
1.6(1.1-2.2),0.018

These multivariate odds ratios for maintenance discontinuation were adjusted for address, sex, age at implant placement, PCR level at the initial visit, PCR level
following attachment of the superstructure, the number of implants, and the number of missing teeth

Age age at implant placement, PCR PCR level following attachment of the superstructure

of missing teeth, and number of implants; however, a sig-
nificant difference was observed between the two groups
regarding sex, age, and the PCR level following attach-
ment of the superstructure. Moreover, the high discon-
tinuation rate in patients aged <29 years old may be
attributed to the reduced attention to health issues that
is often observed among people in their twenties (2011).

There may have been a higher discontinuation rate in
men compared with women because of difficulty visiting
the hospital during consultation hours (9 am—5 pm on
weekdays) because of their jobs. Accordingly, the devel-
opment of a connection between our hospital and den-
tal clinics allowing patients to visit outside office hours is
necessary.

There have been reports that the number of patients
visiting dental clinics greatly declines in patients aged
65 years or older (Roccuzzo et al. 2012; Frisch et al. 2014).
65 years old or more may have a time to spare regard-
less of sex. It is guessed that some discontinuation group
patients aged >65 years became unable to make visits to
our department because of old age. A new system must
therefore be developed to allow the delivery of a main-
tenance program to patients who have difficulty making
regular hospital visits because of old age.

Moreover, we must further emphasize the importance
of maintenance following implant therapy in patients
with a PCR level of >20 % following attachment of the
superstructure. It is essential to motivate patients and
help them to understand the importance of maintenance
in association with implant therapy.

Abbreviation
PCR: O'Leary’s plaque control record.

Authors’ contributions

KA and YT conceived and designed the experiments. AK performed and
analyzed the experiments. ST, RT, YM, TF, SB and TK drafted the manuscript. All
authors read and approved the final manuscript.

Author details

! Department of Oral Implantology, Osaka Dental University, Hirakata, Japan.

2 Department of biotatistics, Shiga University of Medical Science, Otsu, Japan.
® Department of Preventive and Community Dentistry, Osaka Dental Univer-

sity, Hirakata, Japan.

Acknowledgements

We thank Yasuyuki Umezaki and, Keina Nagahisa of Department of Oral
Implantology, Osaka Dental University for collecting dataset from our
database.

Competing interests
The authors declare that they have no competing interests.

Received: 9 September 2015 Accepted: 26 November 2015
Published online: 12 December 2015

References

Buser D, Janner SF, Wittneben JG, Bragger U, Ramseier CA, Salvi GE (2012)
10-year survival and success rates of 511 titanium implants with a sand-
blasted and acid-etched surface: a retrospective study in 303 partially
edentulous patients. Clin Implant Dent Relat Res 14(6):839-851

Chinatsu F, Junko M (2007) Approach to patients who interrupt treatments of
periodontal diseases. J Japan Soc Dent Hyg 1(2):80-83

Costa FO, Takenaka-Martinez S, Cota LO, Ferreira SD, Silva GL, Costa JE (2012)
Peri-implant disease in subjects with and without preventive mainte-
nance: a 5-year follow-up. J Clin Periodontol 39(2):173-181

Covani U, Chiappe G, Bosco M, Orlando B, Quaranta A, Barone A (2012) A
10-year evaluation of implants placed in fresh extraction sockets: a pro-
spective cohort study. J Periodontol 83(10):1226-1234

Frisch E, Ziebolz D, Vach K, Ratka-Kruger P (2014) Supportive postimplant
therapy: patient compliance rates and impacting factors: 3-year follow-
up. J Clin Periodontol 41:1007-1014

Haas R, Mensdorff-Pouilly N, Mailath G, Watzek G (1996) Survival of 1920 IMZ
implants followed for up to 100 months. Int J Oral Maxillofac Implants
11(5):581-588



Arai et al. SpringerPlus (2015) 4:767

Hideto K, Masatoshi Y, Yuichi A (1998) The effectiveness of the oral health
check-up system in reducing tooth loss in adult patients. J Dent Health.
48(1):95-105

Hultin M, Komiyama A, Klinge B (2007) Supportive therapy and the longevity
of dental implants: a systematic review of the literature. Clin Oral Implants
Res 18(3):50-62

MoHps (2011) Patient Survey. http://www.mhlw.go,jp/english/database/db-
hss/sps_2011.html. Accessed 3 Apr 2015

Karoussis IK, Bragger U, Salvi GE, Burgin W, Lang NP (2004) Effect of implant
design on survival and success rates of titanium oral implants: a 10-year
prospective cohort study of the [Tl dental implant system. Clin Oral
Implants Res. 15(1):8-17

Krebs M, Schmenger K, Neumann K, Weigl P, Moser W, Nentwig GH (2015)
Long-term evaluation of ANKYLOS® dental implants, part I: 20-year life
table analysis of a longitudinal study of more than 12,500 implants. Clin
Implant Dent Relat Res 17(1):e275-e286

Kyoko O, Mieko |, Machiko O, Shinobu O, Sumie H, Yoko A (1985) Current state
of awareness and actions of householders towards their own health, 16
times of Japanese nursing society collecting area nursing. Nurs Soc Japan
16:218-221

Lambrecht JT, Filippi A, Kunzel AR, Schiel HJ (2003) Long-term evaluation
of submerged and nonsubmerged [Tl solid-screw titanium implants: a
10-year life table analysis of 468 implants. Int J Oral Maxillofac Implants
18(6):826-834

Page 5 of 5

Lekholm U, Gunne J, Henry P, Higuchi K, Linden U, Bergstrom C et al (1999)
Survival of the Branemark implant in partially edentulous jaws: a
10-year prospective multicenter study. Int J Oral Maxillofac Implants
14(5):639-645

Mizuki T, Yoshihiko O, Fujio E, Tomonobu O, Yoshihiro M (1995) Changes in the
profile of newly registered outpatient during the past ten years at the
Nippon Dental University Hospital. J Dent Health. 45(5):794-800

Roccuzzo M, De Angelis N, Bonino L, Aglietta M (2010) Ten-year results of a
three-arm prospective cohort study on implants in periodontally com-
promised patients. Part 1: implant loss and radiographic bone loss. Clin
Oral Implants Res 21(5):490-496

Roccuzzo M, Bonino F, Aglietta M, Dalmasso P (2012) Ten-year results of a three
arms prospective cohort study on implants in periodontally compro-
mised patients. Part 2: clinical results. Clin Oral Implants Res 23:389-395

Tomoko O, Mitsue E, Miyuki K, Yukiko |, Yuri O (2007) Awareness survey of
patients following the attachment of implant superstructures. J Japan
Soc Dent Hygiene. 2(1):78-79

Tsuyoshi S, Mitsuo K, Fumie A, Akiko A, Kentaro M, Daisuke | et al (2011) Factor
Analysis of Discontinuation of Regular Dental Check-ups by Patients
Using Data-mining Methods. J Dent Health. 61(2):225-232

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.mhlw.go.jp/english/database/db-hss/sps_2011.html
http://www.mhlw.go.jp/english/database/db-hss/sps_2011.html

	Analysis of factors associated with maintenance discontinuation in implant patients
	Abstract 
	Background
	Patients and methods
	Research design
	Setting and participants
	Exclusion criteria
	Investigation items
	Definition of the maintenance continuation and discontinuation groups
	Variables
	Data measurement method
	Statistical analysis
	Ethical considerations

	Results
	Discussion and conclusion
	Authors’ contributions
	References




