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Abstract

Background: Hypertension is a chronic medical condition in which blood pressure in the arteries is elevated. Given
the large proportion of dental implant patients using antihypertensive medications, it is crucial to evaluate the
effects of these drugs on the clinical parameters of osseointegrated implants. The aim of the present retrospective
cohort study was to evaluate the influence of antihypertensive medications on clinical peri-implant tissue
parameters.

Methods: Thirty-five patients received a total of 77 anodized dental implants. Based on the history of the use of
antihypertensive medications, the patients were divided into two groups: the group taking antihypertensive
medications (AH group) and the group of healthy patients (H group). Implants were followed up clinically and
radiologically, with a focus on the peri-implant soft tissue parameters probing pocket depth, bleeding on probing,
modified plaque index, and marginal peri-implant bone level stability.

Results: None of the implants were lost, and no technical failures occurred. The mean follow-up duration was 7
years and 1month. A significant difference was observed in the probing pocket depth 3.8 ± 1.3 mm in the AH
group and 3.0 ± 0.7 mm in the H group. In the AH and H groups, 26.5% (9/34) and 4.7% (2/43) of the patients were
diagnosed with peri-implantitis at the implant level, respectively.

Conclusions: Our findings suggest some correlations between antihypertensive medication use and clinical
parameters in anodized peri-implant tissue.
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Background
Dental implants are the best option for replacing missing
teeth, which show sufficient longevity in most cases.
Even though dental implants have a long-term success
rate of more than 90%, some people experience compli-
cations as with any treatment modality. Technical and

biological complications can occur in implant dentistry
[1]. The biological complications related to dental
implants include peri-implant mucositis and peri-
implantitis. There is no definitive evidence regarding the
etiology and clinical countermeasures for these two bio-
logical complications [2]. Various risk indicators have
been discussed, and etiological similarities between peri-
odontal and peri-implant tissues have been of interest to
clinicians and researchers [3]. Both periodontitis and
peri-implantitis are initiated by the accumulation of mi-
crobial biofilms on the hard surfaces of the teeth or den-
tal implants [4, 5].

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: seki.keisuke@nihon-u.ac.jp
1Implant Dentistry, Nihon University School of Dentistry Dental Hospital,
Tokyo, Japan
2Department of Comprehensive Dentistry and Clinical Education, Nihon
University School of Dentistry, Tokyo, Japan
Full list of author information is available at the end of the article

International Journal of
Implant Dentistry

Seki et al. International Journal of Implant Dentistry            (2020) 6:32 
https://doi.org/10.1186/s40729-020-00231-9

http://crossmark.crossref.org/dialog/?doi=10.1186/s40729-020-00231-9&domain=pdf
http://orcid.org/0000-0002-6130-1259
http://creativecommons.org/licenses/by/4.0/
mailto:seki.keisuke@nihon-u.ac.jp


Researchers have recently shown considerable interest
in possible links between periodontal disease and sys-
temic diseases and conditions, such as diabetes mellitus,
cardiovascular disease, bacterial pneumonia, and low
birth weight [6]. Systemic diseases may impair the host’s
barrier function and immune defense against periodontal
pathogens, creating an opportunity for destructive
periodontal disease and likely peri-implant diseases. Sys-
temic diseases and medications may also interfere with
healing in peri-implant sites and increase the risk of bio-
logical complications and implant failure [7].
In 2017, new guidelines from the American Heart As-

sociation, the American College of Cardiology, and nine
other health organizations lowered the blood pressure
criteria for the diagnosis of hypertension to 130/80
mmHg and higher for all adults [8]. The previous guide-
lines set the threshold at 140/90 mmHg for individuals
younger than 65 years and 150/80 mmHg for those aged
65 years and older. It could then be estimated that 70 to
79% of men aged 55 years and older are classified as hav-
ing hypertension.
The prevalence of hypertension is increasing in indi-

viduals older than 60 years in developed countries.
Patients with hypertension also require dental implant
therapy. Thus, the influence of antihypertensive medica-
tions on peri-implant tissue has been of great interest.
Wu et al. conducted a retrospective cohort study on 728
patients that assessed the influence of antihypertensive
medications on implant survival rates [9]. The study
demonstrated a higher survival rate of osseointegration
implants in patients prescribed with antihypertensive
medications (hazard ratio, 0.12; 95% confidence interval
[CI], 0.03–0.49). The authors explained this effect by the
relationship between antihypertensive medication use
and bone metabolism. This is the only study that has
assessed the relationship between antihypertensive medi-
cation use and implant-related outcomes.
Peri-implant diseases should ideally be diagnosed in

the early stages to prevent complications and achieve
longevity. Although the implant survival rate would be
the true endpoint for dental implant treatment, clinical
surrogate endpoints are useful for detecting early onset
of peri-implant disease [10]. For this purpose, it is neces-
sary to further investigate the influence of antihyperten-
sive medications on peri-implant clinical endpoints.
Biological peri-implant complications have a multifac-

torial etiology. Besides patient systemic factors, several
other etiological factors for peri-implant complications
also exist. It is well known that a myriad of possible risk
factors could be associated with dental implant charac-
teristics. Thus, to assess the impact of medications, pa-
tients who received implants with the same
characteristics should be included in both the test and
control groups. A recent systematic review showed lower

failure rates for anodized implants than for turned im-
plants as well as titanium plasma-sprayed, -blasted, and
acid-etched implants [11]. The authors of this review ex-
plained that the oxidized surface provides a greater
number of undercuts that may result in improved
osseointegration.
In this retrospective cohort study, the clinical parame-

ters in patients treated with anodized implants were
evaluated to investigate the influence of antihypertensive
medications on peri-implant tissues.

Methods
Patient selection and data sources
Ethical approval from the Nihon University School of
Dentistry Ethics Committee (permit number: EP16D013)
was obtained prior to initiating an exploratory analysis.
Data of patients who provided written informed consent
allowing the use of their records for research were used.
The retrospective cohort included patients who had
implants placed by a periodontist (K.S.) at Nihon
University School of Dentistry Dental Hospital between
June 2003 and May 2018. The inclusion criteria were as
follows: (1) age more than 50 years on the day of dental
placement, (2) two-stage dental implant placement with
anodized implants, and (3) follow-up maintenance ther-
apy at least 6 months after superstructure delivery. The
exclusion criteria were as follows: (1) history of treat-
ment for moderate or severe periodontitis, (2) smoking,
(3) requirement for bone grafting before or at the time
of implant placement, and (4) systemic disease other
than hypertension.
We identified 105 implants inserted in 49 patients. We

lost the follow-up dental records of 14 patients. Seventy-
seven implants in 35 patients were divided into two
groups based on the history of antihypertensive medica-
tion use. Calcium channel blocker (CCB) and angioten-
sin II receptor blocker (ARB) are two of the most widely
used antihypertensive agents in Japan. These are often
medicated in combination including other antihyperten-
sive drugs. In particular, CCB/ARB combination therapy
is more effective in lowering blood pressure than high-
dose ARB therapy [12]. Hence, all antihypertensive
medications used were investigated. Patients taking anti-
hypertensive medications were assigned to the group
taking antihypertensive medications for the treatment of
hypertension (AH group), and patients not taking anti-
hypertensive medications were assigned to the group
with healthy patients (H group). The experimental pro-
cedure was exhibited in Fig. 1.

Surgical protocol for implant placement
All implants were placed equally within the bone crest
according to the manufacturer’s recommendations under
local anesthesia by the periodontist (K.S.). All surgeries
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were enforced using a two-stage approach. None of the
patients underwent bone grafting surgery. To prevent in-
fection, we prescribed antibiotics (cefuroxime axetil, cef-
capene pivoxil hydrochloride hydrate, and amoxicillin
hydrate) to be taken orally three times a day for 3 days
after either the primary or the secondary surgery. Pain-
killers (loxoprofen sodium hydrate and diclofenac so-
dium) were prescribed during pain episodes. Sutures
were removed 1 week after surgery, and oral hygiene in-
structions were provided.

Self-maintenance and the frequency of follow up visit
First, we evaluated a month after the superstructure was
delivered. Then on after, the supportive periodontal and
implant therapy was scheduled for follow-up appoint-
ments at 3-month intervals. Any patient with favorable
hygiene conditions were checked every 6months instead.
For the areas of plaque accumulation, the patients were
instructed the use of interdental brushes and enhanced
her oral hygiene with regular professional cleanings. For
professional tooth cleaning, a polishing paste not con-
taining fluoride was used in regard for avoiding titanium
corrosion.

Clinical measurements
The subjects were clinically monitored at the last follow-
up visit. The primary outcome of this cohort study was
the probing pocket depth around the implant measured
using a periodontal pocket probe (11 Colorvue® Probe
Kit; Hu-Friedy, Chicago, IL, USA). For proper
standardization, one examiner obtained all clinical

measurements. The probing force (0.15 N) within indi-
vidual standardization was employed using a precision
scale to calibrate the force with repeated measurements.
Subsequently, using the 6-point method (at the mesial
and distal angles and at the center of the buccal and lin-
gual aspects of the implant), we measured the probing
pocket depth to the nearest millimeter at six sites per
implant and calculated the average of the six points for
each implant. Bleeding on probing (BoP) of the peri-
implant mucosa was also assessed within 10 s after prob-
ing. The BoP criterion was as follows: negative (0, no
bleeding) or positive (1, bleeding). The average of the six
points was calculated, with the minimum BoP score de-
tected at 0 and the maximum detected at 1. Plaque ad-
hesion (modified Plaque Index: mPI) on the
superstructure of the implant was measured on a 4-
point scale (0, no plaque; 1, plaque seen with probing of
the superstructure surface; 2, moderate accumulation of
soft deposits visible with the naked eye; 3, abundance of
soft deposit on the superstructure surface). The average
score of four surfaces (buccal, lingual, mesial, and distal
aspects) was calculated, with the minimum mPI score
detected at 0 and the maximum detected at 3 [13].

Radiographic assessment
Changes in bone loss around the implants over time
were assessed by referring to digital radiographs ob-
tained via the paralleling technique. All dental radiogra-
phies were irradiated at 110 kV, 1–20 mA, and an
effective dose of 100 μSv. Bone loss was measured using
images obtained from a digital radiograph viewing

105 identified TiUnite implants 
(49 patients)

The all data of clinical measurements and radiographic assessment 
at the last follow-up visit were analyzed.

77 implants fit eligibility criteria 
(35 patients)

34 implants 
(13 patients in AH group) 

43 implants 
(22 patients in H group) 

Fig. 1 The all data of clinical measurements and radiographic assessment at the last follow-up visit were analyzed
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system (TechM@trix, SDS Viewer, TechMatrix Corpor-
ation, Tokyo, Japan). The vertical distances were mea-
sured from either the mesial or distal platform of the
implant to the expected marginal bone level. The differ-
ence between the average value of mesial and distal bone
losses was compared serially at baseline and follow-up
examination. The measured serial data were evaluated
for marginal bone loss. Informed consent was obtained
from all patients, and the data were processed in such a
manner that patient anonymity was ensured.

Clinical diagnosis of peri-implant disease
During follow-up visits, implants that fulfilled the fol-
lowing criteria were diagnosed as having peri-implant
mucositis or peri-implantitis. Peri-implant mucositis was
defined as bleeding and/or suppuration at the implant
site on probing without any signs of additive bone re-
sorption after initial bone remodeling. Peri-implantitis
was diagnosed when the probing pocket depth around
the implant was 6 mm or more, when suppuration and
bleeding were observed at the time of probing, and when
bone resorption was present radiographically for 25% or
more of the implant length [14].

Statistical analysis
The statistical software GraphPad Prism 5.0 (GraphPad
Software Inc., San Diego, CA, USA) was used to perform
the data analysis. Image data were measured by the same
examiner. Data from the AH and H groups were statisti-
cally compared using the Mann-Whitney U test (con-
tinuous variable) and chi-squared test (categorical
variable). A multivariate analysis was performed using
logistic regression analysis to examine potential effect of

peri-implantitis. A level of 95% (P < 0.05) was consid-
ered statistically significant.

Results
Description of the study patients and implants
Seventy-seven implants (34 in the AH group and 43 in
the H group) in 35 patients were included in this retro-
spective cohort study. Table 1 describes the study pa-
tients and implants. Twenty-one patients were women.
Thirty-five implants were placed in the maxilla and 42
in the mandibular. The mean maintenance duration was
7 years and 1month. The average patient age was 66.1
years. Thirteen patients with a combined 34 implants
were taking an antihypertensive medication. The dental
implants assessed in this study were the Nobel Repla-
ceTM Select implant system (Nobel Biocare, Zürich,
Switzerland), Nobel ReplaceTM Groovy (Nobel Biocare),
and Brånemark System® Mk III (Nobel Biocare). The pa-
tients were taking calcium antagonists, angiotensin II re-
ceptor blockers, and thiazide diuretics as either a
monotherapy or a combined regimen (Table 2).

Clinical and radiographic parameters
The clinical and radiographic parameters are shown in
Table 3. The probing pocket depth in the total study
population was 3.4 ± 1.1 mm (mean ± standard devi-
ation); a significant difference was observed between the
AH group and H group, 3.8 ± 1.3 mm (median, 3.3 mm)
and 3.0 ± 0.7 mm (median, 3.0 mm), respectively. The
BoP score in the total study population was 0.2 ± 0.2,
whereas the mean scores in the AH and H groups were
0.3 (median, 0.2) and 0.2 (median, 0.2), respectively. The
mPI score in the total study population was 0.5 ± 0.7,

Table 1 Characteristics of the patients in the AH and H group

AH group H group P value

Total number (patients/implants) 13/34 22/43 –

Women (patients/implants) 5/16 16/31 0.025*

Age (mean), year 66.7 ± 9.0 65.6 ± 10.0 ns

Implant site (maxilla/mandibular) 21/13 14/29 0.011*

Mean maintenance duration 6 years and 10 months 7 years and 3months ns

Type of implants (patients/implants)

Nobel ReplaceTM Select implant system 3/8 5/11

Nobel ReplaceTM Groovy 6/17 12/25

Brånemark system® Mk III 4/9 5/7

Antihypertensive medication (patients/implants: running number)

Calcium antagonists 6/19 –

Angiotensin II receptor blockers 8/18 –

Beta-blockers 0/0 –

Thiazide diuretics 1/2 –

AH group group taking antihypertensive medications, H group group with healthy patients, ns not significant
*P < 0.05
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whereas the mean scores in the AH and H groups were
0.7 (median, 0.5) and 0.4 (median, 0.0), respectively.
For the marginal bone loss in relation to the radio-

graphic parameter, the mean follow-up duration was
84.8 months (range, 15–170 months; median, 82.0
months). The mean measurement in the total study
population was 0.48 ± 0.89 mm, whereas the mean mea-
surements in the AH and H groups were 0.66 mm

(median, 0.40 mm; follow-up duration, 82.3 ± 53.3
months) and 0.34 mm (median, 0.30 mm; follow-up dur-
ation, 86.8 ± 48.8 months), respectively.

Prevalence of peri-implant mucositis and peri-implantitis
Among all the subjects during the maintenance period,
six patients (11 implants) were diagnosed with peri-
implantitis (Table 4). In the AH group, 30.8% (4/13) and
26.5% (9/34) were diagnosed with peri-implantitis at the
patient and implant levels, respectively; in the H group,
9.1% (2/22) and 4.7% (2/43) were diagnosed with such,
respectively. Significant differences were confirmed only
at the implant level, not at the patient level. The im-
plants in the AH group were more susceptible to peri-
implant diseases than those in the H group, with an
odds ratio of 7.38 (95% CI, 1.474–36.954). Significant
differences were not observed in the morbidity rates of
peri-implant mucositis and peri-implant disease.

Table 2 Details of the patients in the AH group

Patient Age Site Implant Diseases Maintenance Antihypertensive medication

(Sex) (months)

1 61 47 Brånemark Mk III Groovy None 25 Angiotensin II receptor blockers

(F)

2 62 24, 27, 45, 47 Brånemark Mk III Groovy None 35 Calcium antagonists

(F)

3 57 36, 37, 46 Brånemark Mk III Groovy Peri-implant mucositis [46] 52 Calcium antagonists

(M) Peri-implantitis [37] Angiotensin II receptor blockers

4 63 14, 15, 25 Replace Select Tapered Peri-implantitis [15, 25] 116 Angiotensin II receptor blockers

(F)

5 55 46, 47 Replace Select Straight Peri-implant mucositis [47] 108 Angiotensin II receptor blockers

(M)

6 77 24, 26, 27 Replace Select Tapered Peri-implant mucositis [24] 165 Calcium antagonists

(M)

7 84 15, 16, 36, 46 Replace Groovy Straight Peri-implantitis [15, 16] 153 Angiotensin II receptor blockers

(M)

8 67 16, 23, 25, 26, 36, 46 Replace Groovy Straight Peri-implant mucositis [26] 132 Calcium antagonists

(F) Peri-implantitis [16, 23, 25, 46]

9 64 25, 27 Replace Groovy Straight None 37 Calcium antagonists

(M)

10 68 13, 15 Replace Groovy Straight None 15 Angiotensin II receptor blockers

(F)

11 80 24 Replace Select Tapered Peri-implant mucositis [24] 164 Calcium antagonists

(M)

12 63 15, 16 Replace Groovy Straight Peri-implant mucositis [15] 27 Angiotensin II receptor blockers

(M) Thiazide diuretics

13 51 37 Brånemark Mk III Groovy None 28 Angiotensin II receptor blockers

(M)

AH group group taking antihypertensive medications

Table 3 Clinical and radiographic parameters

AH group H group P value

Probing pocket depth (mm) 3.8 ± 1.3 3.0 ± 0.7 0.001**

Bleeding on probing (score 0–1) 0.3 ± 0.3 0.2 ± 0.2 ns

Modfied plaque index (score 0–3) 0.7 ± 0.8 0.4 ± 0.7 ns

Marginal bone loss (mm) 0.66 ± 1.17 0.34 ± 0.57 ns

AH group group taking antihypertensive medications, H group group with
healthy patients, ns not significant
**P < 0.01
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A multivariate analysis (logistic regression analysis)
A multivariate analysis was performed using logistic re-
gression analysis for peri-implantitis (Table 5). The peri-
implantitis development was the objective variable, and
the age, gender, maintenance duration, implant site, and
the history of antihypertensive medications were used as
the explanatory variable. Only the history of antihyper-
tensive medications (OR = 12.90) showed a statistically
significant result, whereas there was no significant differ-
ence in other explanatory valuables.

Discussion
In the present study, a higher prevalence of deep pockets
was confirmed in the TiUnite implants placed in the
patients prescribed with antihypertensive medications.
Furthermore, a high prevalence of peri-implantitis was
also observed at the implant level in the patients taking
antihypertensive medications.
Based on the concept of periodontal medicine, peri-

odontal disease might be a risk indicator for several sys-
temic conditions, such as diabetes mellitus and coronary
heart disease (CHD) [15]. In previous epidemiological
studies, associations between CHD and periodontal dis-
eases have been described [16]. In contrast, reports men-
tioning the relationship between CHD and peri-implant
diseases are limited. Researchers have failed to demon-
strate that systemic disorder-related factors (i.e.,

smoking and high blood pressure) are definitive risk
factors for developing peri-implantitis [17, 18]. However,
it is also true that the proportion of patients with peri-
implantitis with diabetes mellitus and hypertension is
high [19]. Because no definitive opinion on the relation-
ship between peri-implant inflammation and hyperten-
sion exists, the present study findings are quite valuable.
In the present study, the mean age of the participants

was 66.1 years, and the mean age of the AH group pa-
tients was 66.7 years, which indicates the accordance of
patients’ age in relation to the presence of hypertension
and use of dental implants. The AH group used various
antihypertensive medication combinations, and several
patients took multiple medications, which reflects the
current medical situation among Japanese patients with
hypertension. The average follow-up duration was ap-
proximately 7 years. Because 5 or more years of observa-
tion are needed to assess the stability of tissue around
dental implants [4], the average follow-up duration of
the present study was long enough. The proportions of
the patients with peri-implantitis were 17.1% and 14.3%
at the patient and implant levels, respectively. Although
the proportions were relatively small compared with
those in previous reports, considering the narrow inclu-
sion criteria (excluding smokers and patients with peri-
odontal disease), the proportions were not very small.
For the probing pocket depth, a significant difference

was observed between the AH and H groups. This result
indicates possible medication-induced gingival hyperpla-
sia in patients with hypertension, which is known to be a
side effect of calcium channel blocking agents [20]. It is
known that the symptoms begin with cation flux inhib-
ition, which leads to decreased cellular folate uptake,
changes in matrix metalloproteinase metabolism, and
failure to activate collagenase. Decreased availability of
activated collagenase results in decreased degradation of
accumulated connective tissue. To date, no reports of
hyperplasia in peri-implant tissue are available; however,
the results of the present study suggest some correla-
tions. There are several differences between periodontal

Table 4 Proportion of patients and implants diagnosed with peri-implant disease

AH group H group P
value

Odds ratio [95% CI]

Patients (number/%) Patients (number/%) Patients

Implants (number/%) Implants (number/%) Implants

Peri-implant mucositis 6/46.2% 7/31.8% ns –

6/17.6% 9/20.9% ns –

Peri-implantitis 4/30.8% 2/9.1% ns –

9/26.5% 2/4.7% 0.007** 7.38 [1.47–36.95]

Peri-implant disease 8/61.5% 9/40.9% ns –

15/44.1% 11/25.6% ns –

AH group group taking antihypertensive medications, H group group with healthy patients, CI confidence interval, ns not significant
**P < 0.01

Table 5 Logistic regression analysis for peri-implantitis as the
objective variable

Explanatory variable Odds ratio [95% CI] P value

Age (year) 1.11 [0.97–1.27] 0.128

Gender (man; 0, woman; 1) 8.71 [0.86–88.60] 0.667

Maintenance duration (month) 1.00 [0.99–1.02] 0.646

Implant site (mandibular; 0, maxilla; 1) 4.02 [0.68–23.60] 0.124

Antihypertensive medication (yes; 0, no; 1) 12.90 [1.60–104.00] 0.016*

R2=0.35

CI confidence interval
*P < 0.05
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and peri-implant tissues, such as the presence of the
periodontal ligament, orientation of collagen fibers, and
properties of exudate. Considering these differences, fur-
ther assessment regarding hyperplasia in peri-implant
tissue is needed. Furthermore, other antihypertensive
medications, such as angiotensin receptor blockers and
thiazide diuretics, were also included in this study.
Assessment of the influence of these medications on
peri-implant tissue is needed.
There was no significant difference in bleeding on

probing and modified plaque index parameters between
the two groups. However, both values tended to be lar-
ger in the AH group. Hence, it was suggested that the
hygiene around the implant was poor and there was in-
flammatory response compared to the H group.
Although there was a significant difference in the

probing pocket depth, the marginal bone loss in relation
to the radiographic parameter was quite small in both
groups. This could be attributable to the influence of
both antihypertensive medications and the surface char-
acteristics of TiUnite implants. Generally, antihyperten-
sive medications are known to affect bone metabolism.
Recent animal studies involving antihypertensive medi-
cations and implants have shown that the bone implant
contact percentage and peri-implant bone tissue volume
of rats are significantly increased by propranolol, a non-
selective beta-blocker [21]. In a study of spontaneously
hypertensive rats, it was observed that the expression of
bone resorption markers was decreased, and that the
cortical levels of TRAP+ cells were increased in the
group taking calcium channel blockers [22]. In clinical
studies of humans, favorable results were observed in
the group taking calcium channel blockers based on the
findings of dental cone beam computed tomography,
which was used to evaluate the maxillary bone density of
patients with hypertension who were administered with
chronic antihypertensive medications [23]. In a cohort
study on the survival rate of dental implants with antihy-
pertensive therapy, it was concluded that the implant
survival rate in antihypertensive medication users was
higher than that in non-users [9]. On the other hand,
survival rate was not examined in this study. Our results
were exhibited increasing of probing depth and peri-
implantitis prevalence in AH group, which means the
implant success rate has worsened. Thus, it was sus-
pected that the implant success rate stays low during
maintenance period even if not causing implant loss
under the antihypertensive medications. However, no
articles in this area have been reported, and future re-
search is needed.
The results of multivariate analysis in our study re-

vealed that the antihypertensive medication affects the
development of peri-implantitis. We found that the ad-
justed data for multivariate analysis were higher than the

crude data in history of antihypertensive medications. In
terms of eliminating confounding factors, this finding
suggests that the medications might be a risk factor for
the outcome of peri-implantitis. In the future, we need
to be careful hearing history of antihypertensive medica-
tions in order to achieve implant maintenance
successfully.
One of the limitations of the present study was the

small sample size. Only nonsmoker patients without
periodontal and systemic diseases other than hyperten-
sion were included in this study, and the strict inclusion
criteria decreased the sample size. In the future, a pro-
spective observational study with a large sample size on
individual medications and statistical adjustment of co-
variates should be conducted.

Conclusions
We examined the clinical parameters in patients who
received long-term implant maintenance. There were
significant differences between the AH and H groups in
terms of the probing pocket depth and proportion of im-
plants diagnosed as having peri-implantitis. Our findings
suggest some correlations between antihypertensive
medication use and clinical parameters in anodized peri-
implant tissue.
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