
ORIGINAL ARTICLE

Clinical evaluation of non-surgical cleaning modalities on titanium
dental implants during maintenance care: a 1-year follow-up
on prosthodontic superstructures

Kristina Emily Schmidt1 & Thorsten Mathias Auschill1 & Anton Sculean2
& Nicole Birgit Arweiler1

Received: 21 March 2018 /Accepted: 11 September 2018
# Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
Objectives To investigate tissue health around implants with newly attached superstructures over 12 months of preventive
maintenance appointments and instrumentation when necessary.
Material andmethods In a randomized, split-mouth study 32 implants (8 participants with 4 implants each) received followed-up
care every 3 months after superstructure attachment. Implants and superstructures were randomly assigned to four treatment
groups and treated if necessary: (1) titanium curettes (TC), (2) stainless steel ultrasonic tip (PS), (3) erythritol air-polishing
powder (EP), or (4) rubber cup polishing (CON). Probing depths (PDs), bleeding on probing (BOP), modified gingival (mucosal)
bleeding index (GBI) around implants, and full-mouth Plaque Control Record (PCR) were measured every 3 months. Clinical
attachment levels (CALs) and height of keratinized mucosa (KM)/gingival margins (GMs) for implants/teeth and PD, BOP, and
GBI for teeth were documented at baseline, 6 months, and 12 months. Matrix metalloproteinase 8 (MMP-8) and periopathogens
were measured at baseline and 12 months.
Results Participants exhibited minimal signs of periodontal inflammation with statistically significant PD improvement (3.0 ±
0.2 to 2.8 ± 0.3 mm; p = 0.022) and overall CAL (4.3 ± 0.8 to 4.0 ± 0.7 mm; p = 0.048) after 1 year. Implants showed no
statistically significant differences (p > 0.05) between or within groups at baseline or 12 months for any parameter, except
MMP-8 decreased significantly for PS (14.50 ± 17.58 to 4.63 ± 7.56 ng; p = 0.044), and after 12 months, PCR showed a
significant difference between TC and PS (p = 0.018).
Conclusions Treatment was necessary as inflammation was observed around newly placed superstructures within the first year of
maintenance care. All tested treatment modalities yielded comparable clinical improvements.
Clinical relevance Early assessment and diagnosis of mucositis and regular maintenance can promote long-lasting implant health.
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Introduction

Dental implants, like natural teeth, can become diseased and
lost. Similar to gingivitis and periodontitis, bacterial biofilm
can cause peri-implant diseases. This has been shown in early
experimental gingivitis and mucositis models [1, 2] with the

peri-implant mucosa resulting in a greater inflammatory reac-
tion in response to plaque accumulation [2].

Two clinical phenotypes exist, namely peri-implant muco-
sitis and peri-implantitis, where the former is characterized by
inflammation of the soft tissues around the implant and the
latter results in inflammation spreading to the supporting bone
[3]. Within 5 to 10 years of implant placement, around 10% of
implants and 20% of patients require therapy to treat peri-
implantitis [4]. Thus, it is especially important to perform
preventive implant care since non-surgical therapy of peri-
implantitis has limited or no effect [5, 6] as compared to peri-
odontitis [5].

However, a well-defined therapeutic model for optimal pre-
vention and treatment of peri-implant mucositis does not exist
[7, 8]. Still, some kind of prophylactic treatment must be
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delivered during regular maintenance care, and practitioners
must motivate and instruct patients on the importance of op-
timal oral hygiene [7, 9, 10]. In turn, patients must be compli-
ant and perform daily patient self-care in addition to regularly
attending these appointments [5, 6, 11–13] that take individual
risk factors into consideration [14] such as periodontitis,
smoking, and patients’ own biofilm management, all of which
can influence the long-term functionality of dental implants
[7, 15]. Studies show that patients with periodontitis have
greater implant failure compared to patients receiving system-
atic periodontal therapy [16, 17].

The aim of this randomized clinically controlled study was
to follow-up on peri-implant tissue health of new implants at
the time new superstructures were attached over the course of
12 months of preventive maintenance appointments every
3 months. Thus, the primary null hypothesis was that any
individualized therapy will cause no difference (within or be-
tween groups) 12 months after treatment in implant bleeding
on probing (BOP) percentages.

Materials and methods

The present follow-up took place at the Department of
Periodontology at Philipps-University, Marburg, Germany,
and was approved by the Medical Ethics Committee,
Philipps-University in Marburg, Germany (no. 159/12). It
was conducted in accordance with the International Council
for Harmonization of Technical Requirements for
Pharmaceuticals for Human Use (ICH) and Good Clinical
Practice guidelines as well as the Declaration of Helsinki.

Patient recruitment and study population

All 18 study participants from a former study [18] were
contacted to attempt recruitment for the present maintenance
study. Each patient had a history of periodontitis and was
already involved in a supportive therapy program with high
frequency (every 3 to 6 months). Patients were explained the
importance of regular care on implants and teeth and given the
option to partake in regular dental hygiene preventive main-
tenance appointments after they received their prosthodontic
superstructures (either in the form of removable partial den-
tures (RPDs), fixed partial dentures (FPDs), or crowns as pre-
sented in Table 3). Recruited participants were consequently
renumbered in the order of attendance of their first mainte-
nance appointment (baseline) for the present study. The inclu-
sion and exclusion criteria remained the same as in Schmidt
et al. [18]. One year of data (five datasets for every 3 months
the patients attended) were collected for this study with base-
line representing the time following superstructure attachment
(Fig. 1).

Clinical parameters

Assessments were subdivided into parameters on implants
and on the remaining dentition.

Assessments of study implants

& PDs (probing depths) and BOP (bleeding on probing)
were measured at baseline and 3, 6, 9, and 12 months at
6 si tes (mesiobuccal , buccal and distobuccal ,
mesiolingual, lingual and distolingual) using a 0.2 N
pressure-sensitive probe (DB764R UNC 15, Aesculap,
Tuttlingen, Germany). BOP was recorded as being posi-
tive if 30 s after probing bleeding was evident and nega-
tive if bleeding was absent within 30 s of probing.

& CAL (clinical attachment level) and the height of KM
(keratinized mucosa; similar to the gingival margin or
GM around teeth) were also measured in millimeters at 6
sites at baseline and after 6 and 12 months. CAL and GM
of implants were measured relative to a fixed reference
point on the implant or superstructure [19, 20].

& PCR (plaque control record; according to O’Leary et al.
[21]) and a modified GBI (gingival, i.e., mucosal bleeding
index; following the GBI by Ainamo and Bay [22] as the
peri-implant mucosa can be monitored with similar
methods used for assessing periodontal tissues [19]) were
conducted at baseline and 3, 6, 9, and 12 months. Both
oral hygiene parameters were measured at four sites
(mesiobuccal , dis tobuccal , mesiol ingual , and
distolingual). Plaque was documented as present or absent
using a disclosing agent (Mira-2-Ton®, Hager Werken,
Duisburg, Germany) for the PCR, and mucosal bleeding
was documented as being positive when bleeding was
present within 10 to 15 s for the modified GBI.

Assessments of the remaining dentition

& The parameters PD, BOP, GM, CAL, PCR, and GBI were
measured for the natural dentition using the samemethods
as the implant assessments at baseline, 6 months, and
12 months (except PCR was recorded at baseline and 3,
6, 9, and 12 months).

Collection of laboratory parameters

& MMP-8 (matrix metalloproteinase 8) levels around the
study implants were assessed by a commercial immuno-
logical test (Bioscientia, Berlin, Germany) at baseline and
12 months. The gingival crevicular fluid (GCF) in each
implant sulcus was tested for MMP-8 levels at one site per
implant using special collection strips (dentognostics
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GmbH, Jena, Germany). These strips were inserted into
the sulcus for 30 s, placed separately into plastic tubes and
then sent to an external laboratory (Bioscientia, Berlin,
Germany) for site-specific analysis.

& A microbial analysis was also conducted at baseline
and after 12 months using a commercial bacteria test
(qPCR; Bioscientia) to detect 11 periodontal pathogens
(Agg re ga t i b a c t e r a c t i n omy c e t emcom i t a n s ,
Porphyromonas gingivalis, Prevotella intermedia,
Tannere l la fo rsy th ia , Treponema den t i co la ,
P a r v i m o n a s m i c r a , F u s o b a c t e r i u m s p . ,
Campylobacter rectus, Eubacterium nodatum,
Eikenella corrodens, and Capnocytophaga gingivalis).
This was achieved by inserting 1 paper point (0.02 ISO
40, Dentsply) for each implant to the depth of the sul-
cus for 20 s. Each paper point was placed in separate

plastic tubes and sent to the same external laboratory
(Bioscientia).

The GCF strips and paper points were inserted into
approximal areas on opposite sides of the implant so that no
site was sampled twice. The same sampling sites were used for
each test at both time points.

Following assessment of the parameters, the preventive
maintenance appointments continued and, again, were differ-
entiated into therapy of study implants and of the remaining
dentition (Fig. 2).

Non-surgical therapy on study implants

All implants were polished Bsupramucosally^ if PDs were
no more than 3 mm. This included polishing with low

Fig. 1 Study flow (N = number of
participants; n = number study
implants)
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relative dentin abrasion (RDA) level prophylaxis paste
(Proxyt RDA 7, Ivoclar Vivadent, Schaan, Liechtenstein)
using a rubber cup (Prophy Cup, KerrHawe SA, Bioggio,
Switzerland).

If clinical assessments demonstrated first signs of in-
flammation (i.e., higher PDs and bleeding), implants re-
ceived therapy (according to Mombelli & Lang [23] and
Roccuzzo et al. [9]), meaning that they were instrumented
Bsubmucosally^ following the same randomization
scheme (i.e., the same instrument modalities) as in the
previous study with the healing caps [18]. Each instru-
ment was used according to the manufacturer ’s
instructions:

1. Titanium curettes (Ergoplant universal curettes, Aesculap,
Tuttlingen, Germany); TC

2. Stainless steel ultrasonic tip (Instrument PS, EMS,
Munich, Germany) using an ultrasonic device (Air
Flow® Master Piezon, EMS); PS

3. Air-Flow® Plus (EMS) erythritol powder using an air-
polishing device (Air Flow® Master Piezon, EMS); EP

4. The control (CON) was only instrumented if required
(PD > 5 mm, BOP+) using titanium curettes (Ergoplant
universal curettes, Aesculap, Tuttlingen, Germany).

CON was subsequently rinsed with 5 ml 0.9% sodium
chloride (NaCl) solution, while the other three instrument

groups were rinsed with 5 ml 0.2% chlorhexidine (CHX)
(Chlorhexamed forte, GSK, Bühl, Germany).

Non-surgical periodontal therapy on remaining
dentition

Treatment involved mechanical debridement of the natural
dentition supra- and subgingivally, if indicated, using a
combination of different instruments to remove soft and
hard deposits from tooth and root surfaces (ultrasonic tip
Instrument PS using an ultrasonic device Air Flow®
Master Piezon, EMS, Munich, Germany, and stainless steel
scalers and curettes, Hu-Friedy, Frankfurt am Main,
Germany). Polishing was performed using a rubber cup
(Prophy Cup, KerrHawe SA, Bioggio, Switzerland) with
low or higher RDA level prophylaxis paste (Proxyt RDA 7,
RDA 36 or 83, Ivoclar Vivadent) or an air-polishing device
(Air Flow® Master Piezon, EMS) with Air-Flow® Plus
erythritol powder (EMS), depending on the individual
situation.

Each study participant was shown and demonstrated the
appropriate home care techniques to help achieve optimal
oral hygiene and long-term health and function of teeth and
implants. This normally included proper brushing tech-
niques (manual or electric) and individual interdental
cleaning devices. Finally, patients were given a fluoride
treatment (Elmex Fluid, GABA, Switzerland).

Fig. 2 Non-surgical therapy
provided to study implants and
the dentition
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Statistical analysis

All data were collected in pseudonymous form and statistical
analyses were performed blindly using IBM SPSS Statistics
for Windows version 22.0 (IBM Corp., Armonk, NY, USA)
following similar procedures as in Schmidt et al. [18].

After subsequently decoding the data and excluding the
two drop-outs from the data according to the (modified)
intention-to-treat concept [24], the mean values and standard
deviations (SDs) of all parameters were calculated. This in-
cluded PD (mm), KM/GM (mm), CAL (mm), BOP (%) (pri-
mary outcome), (modified) GBI (%), and PCR (%) for study
implants in each treatment group, all study implants com-
bined, and the natural dentition. MMP-8 (ng) and bacterial
load were measured for implants in each treatment group
and for all implants combined. The laboratory results of the
bacteria test were graded from < 104, = 104, < 105, < 106, >
106, to > 107 and converted to a ranking system from 0, 1, 2, 3,
4, to 5, respectively, for all of the bacteria except for
A. actinomycetemcomitans. This bacterium had a lower refer-
ence area but was also ranked 0, 1, 2, 3, 4, or 5, which corre-
sponds to < 103, < 104, < 105, < 106, > 106, and > 107,
respectively.

A within-group analysis between the two time points
(i.e., before and 12 months after instrumentation) was com-
pleted for all parameters using a paired t test while a
between-group analysis (i.e., comparison between the dif-
ferent instrument types) was completed for each parameter
using linear mixed models with groups as fixed effects and
subject-specific random effects to adjust for possible
within-patient correlations.

For all analyses, adjustment for pairwise comparisons
among the means was completed using the Bonferroni correc-
tion method and a difference was considered significant at a
confidence interval of 95% (α = 0.05).

Results

The number of participants that could be included in the anal-
ysis in the present study stems from the patients included in a
former clinical study [18], which started with 20 subjects and
decreased to 18 subjects due to 2 drop-outs. Ten of the original
participants could be recruited because the other 8 subjects
had received their superstructures at external dental clinics,
and thus, baseline data were not able to be collected. Of the
10 participants initially recruited, two were excluded from the
analysis; one patient opted to discontinue after the second
appointment due to travel distance while the other patient
attended appointments irregularly (i.e., not in the scheduled
intervals) and did not attend the required number of appoint-
ments. Thus, 8 patients (6 female and 2 male) with a mean age
of 62.63 ± 7.84 (range 53 to 75) could be included in the

analysis, which corresponds to 32 implants. Six of the partic-
ipants had only fixed (non-removable) superstructures in the
form of FPDs or crowns attached to the study implants. One
study participant presented with a combination of crowns and
a RPD, while another participant only had a RPD attached to
the study implants. None of the participants showed any side
effects during or following the study.

The baseline characteristics (Table 1) showed moderate
periodontally involved patients (GM = −1.3 ± 0.8 mm,
CAL = 4.3 ± 0.8 mm) exhibiting minimal signs of inflamma-
tion (BOP<22%; GBI < 19%). The periodontal assessment
(Table 2) showed a significant improvement in the PDs (3.0
± 0.2 to 2.8 ± 0.3 mm; p = 0.022) and the overall CAL (4.3 ±
0.8 to 4.0 ± 0.7 mm; p = 0.048) following 1 year of continuous
preventive maintenance appointments. GM remained constant
between baseline and 12 months (p > 0.05).

During the course of the 12-month study period, 19 out of
the 32 study implants (corresponding to 7 of 8 patients) re-
quired instrumentation at least one time due to first signs of
inflammation. Specifically, 9 out of 18 implants (50.00%)
were part of a FPD (8 at 3 months, 1 at 9 months), 5 (of 7;
71.43%) were crowned (4 at 3 months, 1 at 6 months), and 5
(of 7; 71.43%) were used to anchor an RPD (2 at 6 months,
1 at 9 months, 2 at 12 months) and required instrumentation at
least once during the 12-month study period. Details regarding
implant group, patients, visits, and the type of treatment mo-
dality (TC, PS, EP, or CON) used to instrument the specific
superstructure (FPD, crown or RPD) for the first time are
given in Table 3.

A majority of the instrumentation occurred in the first
6 months of maintenance care (6 implants in the TC and
CON groups; 7 implants in the PS and EP groups).

The clinical parameters PD, KM, and CAL at study im-
plants (Table 2) remained stable after 1 year of regular preven-
tive therapy, and therefore, the findings showed no significant
differences within the groups at the two time points (p > 0.05).
Although not significant, the CON group resulted in a greater
increase in PD over the course of the year (2.8 ± 0.6 to 3.3 ±
0.5 mm, p = 0.074). Between the different treatment groups,
no significant differences were found at baseline or 12 months
for PD, KM, or CAL (p > 0.05).

Results of the oral hygiene parameters BOP, (modified)
GBI, and PCR for the study implants and the dentition are
shown in Table 4. Comparing both time points (baseline and
12 months after regular therapy), no significant differences
were evident within the groups after instrumentation for any
of the oral hygiene parameters (p > 0.05). There were also no
significant differences (p > 0.05) between the treatment
groups at either baseline or 12months after preventive therapy
for BOP, (modified) GBI, or PCR, except for PCRwhen com-
paring the two time points (p = 0.025). Specifically, a signifi-
cant difference was found between TC and PS at 12 months
(p = 0.018).
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The laboratory parameters of the study implants are
shown in Table 5. No significant differences (p < 0.05) were
evident for MMP-8 within any treatment group upon compar-
ison of the two time points, except for MMP-8 in the PS
group, which significantly decreased from 14.50 ± 17.58 ng
at baseline to 4.63 ± 7.56 ng after 12 months (p = 0.044).
Bacterial grading showed low levels of bacteria with no sig-
nificant differences (p < 0.05) within any of the groups at the
two time points. Also, no significant differences were evident
between the groups at either baseline or 12 months after reg-
ular preventive therapy (p > 0.05).

The primary null hypothesis that any treatment modality
will cause no difference in implant BOP within and between
groups 12 months after instrumentation can be confirmed
(p > 0.05).

Discussion

While the main focus of the present study was the instrumen-
tation during maintenance care appointments, the parameters
assessed also give valuable information regarding the devel-
opment and resolution of inflammation surrounding implants
through early therapeutic intervention. Baseline data of the
implants were collected after attachment of implant super-
structures, which is also considered essential in daily routine
practice to classify changes such as in PD [3]. In general, data
demonstrated largely stable PDs, relatively low BOP, and no
suppuration, which characterize clinically healthy peri-
implant tissues over the course of 1 year of preventive and
minimally invasive therapy.

Similar treatment modalities as well as patient-performed
home care for periodontal diseases [13] have been adopted in
patients with implants [8, 25]. However, an implant’s more
complex threaded design [8, 26] requires safe and effective
therapy options since treatment may cause implant surface
changes [27] and initiate issues in biocompatibility and long-
term success [28].While several studies propose various treat-
ments for successful mucositis therapy [26, 29, 30], the instru-
mentation modalities used in the present study were recently
evaluated as safe without causing greater biofilm formation or
differences in biocompatibility [18, 31]. The fact that the
amount of therapy of implants in the present study decreased
in the last half of the year demonstrates the benefits of preven-
tive treatment.

Although not statistically significant, the CON group had
the greatest increase in PD, CAL, and BOP compared to the
other groups. This may be due to only polishing and rinsing
with NaCl and the lack of instrumentation and CHX rinsing.
Mechanical instrumentation together with chemical agents
may reduce adhering biofilm on an implant’s surface [32]
though it has been concluded inconsistently in reviews that
mechanical therapy with or without adjunctive measures (e.g.,
antiseptics, local and systemic antibiotics, air abrasive de-
vices) could be effective in treating peri-implant mucositis
[5, 11, 14, 33].

When a patient attends maintenance appointments, it is in
the practitioner’s interest to ensure peri-implant health is ob-
tained and maintained. Throughout the study, four (PS group)
or five implants (TC, EP and CON) in all groups needed extra
treatment (other than polishing). In case of signs of peri-
implant disease in the CON group, the pre-set randomization
scheme required deviation since—following the (modified)
intention-to-treat approach to reflect the actual clinical situa-
tion [24]—these implants had to be instrumented and not just
polished. Since instrumentation can be impeded around an
infected implant with increased PDs, by threads that can be
felt, or through an inconvenient design or curvature of the
superstructure [5], it may be beneficial to combine various
mechanical techniques (e.g., curettes, ultrasonic, air-
polishing powders, lasers) to achieve more optimal removal
of deposits to provide individualized treatment dependent on
the patient’s needs [6]. This was done in very few cases (9 out
of 160 implant treatment cases) where erythritol powder was
usedwhen a titanium curette was unable to reach into a narrow
and deep pocket.

The differences in the types of prosthodontic superstruc-
tures fixed or anchored to the study implants in the form of
crowns/FPDs or RPDs, respectively, were minimal when the
implants were instrumented for the first time within the 12-
month study period (50.00% for implants with FPDs attached,
71.43% for crowned implants, and 71.43% for implants used
for RPDs). When observing the first 6 months of maintenance
care where the majority of the instrumentation occurred, the

Table 1 Subject, clinical, oral hygiene and laboratory characteristics at
baseline (mean ± SD; N = 8 subjects, n = 32 implants)

Parameter Baseline value

Study
implants

Remaining
dentition

Age (years) 62.63 ± 7.84

Female 6 (75%)

Male 2 (25%)

Remaining teeth – 17.75 ± 5.92

PD (mm) 3.0 ± 0.3 3.0 ± 0.2

KM/GM (mm) −0.5 ± 0.5 −1.3 ± 0.8
CAL (mm) 3.5 ± 0.7 4.3 ± 0.8

BOP (%) 19.79 ± 11.73 21.71 ± 15.55

(modified) GBI (%) 27.34 ± 17.01 18.37 ± 12.15

PCR (%) 23.44 ± 31.12 63.20 ± 18.31

MMP-8 (ng) 11.28 ± 11.10 –

Bacterial
grading of
implants

10 bacteria 0.64 ± 0.41 –

A. actionmycetemcomitans 0.09 ± 0.19 –
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proportions changed to 44.44% for the implants with FPDs
attached, 71.43% for the crowned implants, and 28.57% for
the RPDs anchored to implants. The variations may lie in the
fact that crowns and FPDs hinder access for biofilm removal
for both the patient and clinician, thus requiring clinical inter-
vention sooner when compared to RPDs, which increases the
accessibility to the implant for cleaning by the patient.
However, over time, implants used for the attachment of an
RPD may also require treatment due to inflammation as seen
in two of these implants requiring treatment at the 12-month
time point. This could be due to reasons such as not removing
the RPD regularly or poor cleaning of the implant and RPD by
the patient.

Even though no specific primary prevention of peri-
implant mucositis is available [7, 10, 11, 15], practitioners

must be attentive to early signs of inflammation rather than
allowing an infection and bone destruction to develop [7].

Regardless of the professional treatment provided, home
care plaque control is not only key for patient self-care of
periodontal pocket infections [13], but also key in treating
mucositis [5]. Clinicians are unable to monitor patients’ daily
oral hygiene practices, but they can evaluate and encourage
oral hygiene during appointments using bleeding and plaque
indices [7]. In the present study, thorough oral hygiene in-
structions were given at each appointment and based on
methods used for the natural dentition due to the lack of evi-
dence [25]. Although the modified GBI around implants
showed no significant differences in any of the groups, other
studies have shown reductions in bleeding from improve-
ments in oral hygiene and professional treatment, though ef-
fective therapies did not always resolve tissue inflammation
completely [34]. Plaque decreased in all treatments (except for
PS), though the results were not significant. Significant differ-
ences in PCR were seen between groups TC and PS after
12months, which may bemore of a case of suboptimal plaque
removal by the patients in the study than possible roughening
by the instruments. Higher PCR levels could also be due to the
dichotomous character of this parameter, which registers
plaque as present or absent and documents even small
amounts as positive [35]. In two studies [18, 31] testing sim-
ilar treatments, the amount of biofilm attaching to instrument-
ed implants showed no significant differences, suggesting that
surface roughness between the differently treated implants is
not significant.

The immunological biomarker matrix metalloproteinase 8
(MMP-8) was measured to further assess inflammation. It has
been found at increased levels in affected patients in the gin-
gival crevicular and peri-implant sulcus fluids and is involved
in irreversible destruction of collagen in soft and hard tissues

Table 2 Clinical parameters of study implants and natural dentition—mean (±SD) probing depth (PD), level of the keratinized mucosa (KM), or the
gingival margin (GM) and clinical attachment level (CAL) before and 12 months after instrumentation

Parameter Time point Instrumentation Study
implants

Remaining
dentition

TC PS EP CON p value (between groups)

PD (mm) Baseline 2.9 ± 0.6 3.2 ± 0.5 3.2 ± 0.7 2.8 ± 0.6 0.358, n.s. 3.0 ± 0.3 3.0 ± 0.2

12 months 3.1 ± 0.6 3.1 ± 0.4 3.2 ± 0.6 3.3 ± 0.5 0.442, n.s. 3.2 ± 0.3 2.8 ± 0.3

p value (time points) 0.295, n.s. 0.826, n.s. 0.900, n.s. 0.074, n.s. 0.166, n.s. 0.022, *

KM/GM (mm) Baseline −0.5 ± 0.8 −0.4 ± 0.4 −0.6 ± 0.6 −0.6 ± 0.6 0.823, n.s. −0.5 ± 0.5 −1.3 ± 0.8
12 months −0.5 ± 0.6 −0.4 ± 0.4 −0.6 ± 0.5 −0.5 ± 0.6 0.944, n.s. −0.5 ± 0.4 −1.3 ± 0.8
p value (time points) 0.859, n.s. 0.685, n.s. 1.000, n.s. 0.553, n.s. – 0.593, n.s. 0.682, n.s.

CAL (mm) Baseline 3.5 ± 1.2 3.6 ± 0.7 3.8 ± 0.9 3.4 ± 0.9 0.670, n.s. 3.5 ± 0.7 4.3 ± 0.8

12 months 3.7 ± 1.0 3.5 ± 0.6 3.8 ± 0.6 3.8 ± 0.6 0.512, n.s. 3.7 ± 0.4 4.0 ± 0.7

p value (time points) 0.373, n.s. 0.598, n.s. 0.861, n.s. 0.185, n.s. – 0.344, n.s. 0.048, *

n.s. p > 0.05

*p < 0.05

Table 3 Patients (P) requiring implant treatment (TC, PS, EP, or CON)
and type of superstructure (fixed partial denture, FPD; crown, C; remov-
able partial denture, RPD) identified

Time point Instrumentation

TC PS EP CON

3 months P1—FPDa

P2—FPDa

P6—Ca

P2—FPDa

P6—FPDa

P7—FPDa

P2—Ca

P6—FPDa

P7—FPDa

P1—FPDa

P2—Ca

P6—Ca

6 months P8—RPDa P6—FPD
P7—FPD
P8—RPDa

P6—FPD P1—FPD
P5—Ca

P6—C

9 months P5—FPDa

P8—RPD
P8—RPD P8—RPDa P5—C

12 months P1—FPD
P8—RPD

P8—RPD P2—C
P4—RPDa

P1—FPD
P4—RPDa

P5—C

a Implant receiving therapy for the first time
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of the periodontium and around implants [36, 37]. High
MMP-8 levels around implants can be reversed (though
healing is slower than the gingiva) upon restoration of normal
oral hygiene practices as shown in an experimental gingivitis/
mucositis model [2]. Specifically, MMP-8 and PD have
shown to be positively correlated in addition to CAL, gingival
index, and plaque index [36, 38]. A similar relationship was
observed in the present study where one subject generally had
both higher PDs and MMP-8 levels compared to other partic-
ipants. Comparing between groups, PS significantly de-
creased MMP-8 to healthy levels (<8 ng), CON signified
health, and TC and EP represented slight inflammation with
no elevated risk of progression of tissue breakdown (8–20 ng).
These results are comparable to the former study [18], where
MMP-8 levels in the PS group decreased significantly to be-
tween 8 and 20 ng after 3 months. The same occurred to the
TC group while CON decreased significantly to a healthy
level. EP in both studies had similar levels over their respec-
tive time points. Treatments generally maintained healthy to
slightly inflamed conditions over a 1-year period (< 20 ng).
This corresponds to the overall minimal bacterial levels at
implants (i.e., ≤ 1 or only slightly above the laboratory detec-
tion level), which did not reveal any significant changes. This
is also in line with the previous study [18] where none of the
groups showed a significant difference in bacterial levels be-
tween each other after 3 months except for erythritol air-
polishing powder and the control.

Since it was found that in the presence of an increased
bacterial load peri-implant mucosa showed a greater inflam-
matory response than the gingiva [2], the implants in the pres-
ent study yielded neither increased inflammatory markers nor
an increased bacterial load.

With respect to the periodontal status of the patients, the
baseline characteristics confirmed stable periodontal condi-
tions (PD = 3mm; BOP < 22%), which surely helped decrease
the risk of periopathogens in periodontal pockets from infect-
ing new dental implants [39, 40]. Furthermore, over the course
of the 12 months, PD and CAL decreased significantly,
confirming that regular professional maintenance care ap-
pointments can improve and maintain clinical signs of peri-
odontal disease [41].

In summary, considering the low number of subjects (that
were left for inclusion in this follow-up study), the data have
to be interpreted carefully. However, the data show a trend
toward peri-implant complications (such as inflammation) in
periodontitis patients in an early phase of prosthodontic resto-
ration. It is important to demonstrate such negative events
even in the first year of service, which supports the essential
value of maintenance care on implant necks and their super-
structures. In any case, the study findings provide important
implications for future research, which is very rare at present.

Thus, the findings also show that periodontally stable pa-
tients with implants and concomitantly facing a higher risk of
disease occurrence who attend regular maintenance programs
can have long-lasting positive results compared to those not
receiving regular preventive care [9, 15, 42].

With respect to the parameters measured, the four treatment
modalities in the present study are comparable and generally
resulted in positive outcomes over the course of a year follow-
ing attachment of superstructures to implants. Repeated in-
strumentation in some of the cases seemed not to have resulted
in decreased biocompatibility or increased plaque accumula-
tion, though longer-term studies need to be conducted to de-
termine if these treatments can sustain implant health. Optimal

Table 4 Oral hygiene parameters of study implants and natural dentition—mean (±SD) bleeding on probing (BOP), (modified) gingival bleeding
index (GBI), and plaque control record (PCR) before and 12 months after instrumentation

Parameter Time point Instrumentation Study
implants

Remaining
dentition

TC PS EP CON p value
(between
groups)

BOP (%) Baseline 16.67 ± 15.43 22.92 ± 17.68 20.83 ± 17.25 18.75 ± 25.88 0.909, n.s. 19.79 ± 11.73 21.71 ± 15.55

12 months 21.88 ± 23.96 14.58 ± 18.77 20.83 ± 17.25 26.04 ± 25.76 0.382, n.s. 20.05 ± 13.71 15.53 ± 13.01

p value (time points) 0.657, n.s. 0.316, n.s. 1.000, n.s. 0.547, n.s. – 0.975, n.s. 0.119, n.s.

(mod.) GBI (%) Baseline 25.00 ± 23.15 31.25 ± 25.88 34.38 ± 29.69 18.75 ± 25.88 0.551, n.s. 27.34 ± 17.01 18.37 ± 12.15

12 months 31.25 ± 32.04 18.75 ± 22.16 28.13 ± 20.86 31.25 ± 34.72 0.230, n.s. 26.56 ± 18.22 13.33 ± 11.20

p value (time points) 0.699, n.s. 0.316, n.s. 0.699, n.s. 0.275, n.s. – 0.942, n.s. 0.106, n.s.

PCR (%) Baseline 37.50 ± 40.09 18.75 ± 29.12 21.88 ± 41.05 15.63 ± 35.20 0.243, n.s. 23.44 ± 31.12 63.20 ± 18.31

12 months 15.63 ± 26.52 28.13 ± 38.82 18.75 ± 34.72 12.50 ± 26.73 0.025, * a 18.75 ± 28.93 49.13 ± 14.53

p value (time points) 0.111, n.s. 0.285, n.s. 0.785, n.s. 0.802, n.s. – 0.629, n.s. 0.172, n.s.

n.s. p > 0.05

*p < 0.05
a Significant difference between TC and PS (p = 0.018) when comparing the difference between the means between 12 months and baseline
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time intervals between peri-implant maintenance appoint-
ments should be tailored toward each patient’s individual risk
profile (such as smoking, periodontal disease, general disease)
as well as poor oral hygiene [15].
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