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Group C, these were supplemented with treatment using
chlorhexidine (CHX) varnish (Cervitec plus®) on the implant
surfaces. Participants in Group B obtained therapy through
the use of manual curettes, an air polishing system (Air-Flow
Master?) with glycine powder (Perio-Flow®) and a prophylaxis
brush during SIT; in Group D, these were supplemented with
treatment using CHX varnish on the implant surface.

Data collection - The following parameters were evaluated
using subject records: age and gender, medical history, type
and number of implants, anatomical implant position, date of
implant insertion and prosthetic treatment. Based on the
available periodontal status, periodontal condition was classi-
fied as (1) healthy/mild periodontitis, (2) moderate periodon-
titis, or (3) severe periodontitis.”

At the initial examination (baseline), the following
parameters were assessed to determine the subjects’ caries ex-
perience, quality of self-performed oral hygiene, and the level
of mucosal inflammation in the peri-implant tissue (bleeding
on probing: BOP).

DMF-T: The DMF-T was performed with a dental mirror and
a dental probe to assess total dental caries experienced, deter-
mined based on the number of decayed (D), missing (M), and
filled teeth (F), with a maximum value of 28, excluding third
molars.*

Papillary bleeding index (PBI): The PBI was performed to
define gingival health by examining the bleeding tendency of
the interdental gingiva. To score the bleeding, gentle move-
ment of a periodontal probe (PCP 15") was applied to the gin-
gival sulcus, from the base of the papilla to the top. The
scores ranged from 0 (no bleeding; indication of inflammation
free gingiva) to 4 (profuse bleeding; indication of severe
inflammation).”

Approximal plaque index (API): The API was performed
using erythrosine to measure dental plaque that occurs in the
approximal areas to assess the quality of self-performed oral
hygiene. The presence (with 1) or absence (with 0) of plaque
was noted. The scores ranged from < 30% (appropriate oral
hygiene) to 70-100% (inappropriate oral hygiene).”

Peri-implant probing depths (PPD) and bleeding on probing
(BOP): The probing depths were evaluated around implants
by applying gentle movement of a periodontal probe (PCP 15)
in the mucosal sulcus with a probing force of 0.25 N. They
were measured from the peri-implant mucosal margin to the
bottom of the probable pocket at six measurement points per
implant and tooth: mesio-buccal, mid-buccal, disto-buccal and
respective lingual/palatal sites.

Bleeding on probing (BOP) was assessed as a sign of
inflammation of the mucosa. Gentle probing in the gingival
sulcus was performed to review possible sulcular bleeding at
six aspects per implant and tooth and to simultaneously
measure the PPD. The PPD and BOP were also assessed on
all remaining teeth of the subjects and in the implants.

Mucosal recession (MR): Mucosal recession, referring to
gingival recession, describes the apical displacement of
marginal mucosa. The distance between the mucosal margin
and the margin of the prosthetic restoration was measured
using a periodontal probe (PCP 15).%°

Course of study - The study period began after the prosthetic
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Fig. 2. Study timeline.

restoration of a previously inserted implant. At the beginning
of the study, all included subjects were examined under
standardized conditions in a dental unit with light, using a
dental mirror and a dental probe. The examinations were
performed in dental practices by calibrated, skilled dental
hygienists, who were trained in the Center of Continuing
Dental Education, Stuttgart, Germany and members of the
German Society of Dental Hygienists (DGDH). Only one
dental hygienist per dental practice was authorized for SIT to
ensure the standardized acquisition of data. Initial examina-
tions included collecting amnestic and implant-specific data
and dental findings, determining the oral health and
periodontal situation by performing the DMF-T, API, PBI,
and evaluating the PPD and BOP as well as MR.

The participants were instructed to attend the SIT program
in a 3-month interval. During SIT, the hygienists applied the
approache s in accordance with the group allocation (A-D).
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Table 1. Subjects’ characteristics at baseline.
Total Group A Group B Group C Group D

General (n=62) (n=17) (n=15) (n=16) (n=14)
Age in years (mv =+ sd) 55214113 51.86+113 57.06 +12.58 56.01 £11.92 56.38+9.33
Gender  Male 35(56.5) 8(47.1) 8(53.3) 10 (62.5) 9(64.3)
[n(%)]  Female 27 (43.5) 9(52.9) 7 (46.7) 6(37.5) 5(35.7)
Number of implants [n (%)] 101 (100) 24 (23.76) 26 (25.74) 30(29.7) 21(20.8)
Oral health condition
DMF-T (mv + sd) 11.47+68 10.18 £6.8 12.07+7.37 12.19+7.35 11.57+584
API (%) (mv + sd; median) 17.1+£23.15(12.29)  12.65+12.28 (13.04) 32.74+37.12(21.05) 16.66 £ 16.34 (13.19) 6.29+10.17 (0)
PBI (%) (mv + sd; median) 12.154+19.88 (6.65)  9.44+11.03 (8.33) 14.18 +£16.83 (8.33) 12.34 £25.07 (2.18) 13.04 +£25.66 (6.55)
Periodontal condition
[n(%)] Healthy/mild 1321) 5(29.4) 4(26.7) 3(18.8) 1(7.1)

Moderate 36 (58.1) 9(52.9) 7 (46.7) 11 (68.8) 9(64.3)

Severe 13 (21) 3(17.6) 4(26.7) 2(1255) 4(28.6)

mv = mean value; sd = standard deviation.

Table 2. Implant-related results concerning the clinical parameters PPD, MR, and BOP.

Total (101) Group A (n=24) Group B (n=26) Group C (n=30) Group D (n=21)
Parameters TO T1 P value TO T1 P value TO T1 P value TO Tl P value TO T1 P value
PPD (mm) 2.08 221 1.75 221 1.77 2.31 2.67 223 2 2.05
(mv + sd) (£1.51) (£1.35) 02 (£1.23) (£1.32) 0.6 (£1.58) (£1.54) 0.02 (x1.63) (£1.28) 0.38 (£1.38) (+1.32) 0.93
MR (mm) 1.3 1.18 1.5 1.5 0.88 0.77 1.23 1 1.67 157
(mv + sd) (£0.94) (+0.96) 0.19 (+£0.89) (£0.89) 1 (£1.14)  (£1.07) 0.63 (+0.86) (x091) 0.15 (x0.66) (0.75) 0.56
BOP (%) 4 7.9 0.22 0 42 1 11.5 11.5 1 0 10025 48 4.8 1

mv = mean value; sd = standard deviation.

The treatment encompassed the following elements for all
subjects at each appointment: assessment of PBI and API, re-
instruction and re-motivation of effective individual plaque
control, professional tooth and implant cleaning and polishing
according to groups (A-D), and application of a fluoride gel
on the teeth. The following general guidelines regarding self-
performed oral hygiene were made: the participants were
instructed to use an oscillating-rotating power toothbrush
(Oral-B Professional Care 3000%) or sonic-active toothbrush
(Philips Diamondh), to floss or use interdental brushes (GUM
Trav-ler') to use the sodium-fluoride containing toothpaste
(Dentagard’) and to practice oral hygiene twice a day. After a
repeated diagnosis (two times) of peri-implant mucositis, 1%
CHX gel (Chlorhexamed®) was applied to the tissue sur-
rounding the implant and in the mucosal sulcus.

The final examinations, including the recording of the
PPD, MR, and BOP, were completed 12 months after base-
line. The timeline of the study can be found in Fig. 2.

Statistical analysis - All subject data (personal data, clinical
parameters, and implemented measures) were recorded with a
computer program (ParoStatus'). Statistical analysis was per-
formed using SPSS™ Version 24. The testing for normal
distribution of the metric variables was performed using the
Kolmogorov-Smirnov Test. This resulted in a non-normal dis-
tribution of the three test parameters. Accordingly, the
Kruskal-Wallis test was used as a non-parametric procedure
for more than two independent parameters, followed by a
Bonferroni correction in case of statistical significance. More-
over, two dependent samples were analyzed using the
Wilcoxon-test. In comparison of dichotomized data before vs.

after intervention, the Chi-squared test with McNemar modifi-
cation was applied. The significance level was set at a= 5%.

Results

Subjects and implants - A total of 105 subjects with 167
implants (62% maxilla, 91% posterior region) were included
in the study. The dropout rate was 40.95% due to a loss of 43
participants to follow-up (Fig. 1); one reason was the loss of
subjects during follow-up (n= 10), and another was that the
practices did not fulfill the inclusion criteria (at least 8
subjects in each practice) at the time of analysis (n= 33 from
five practices). Therefore, 62 subjects (from seven practices)
with a mean age of 55.21 + 11.3 years were analyzed after 1
year of SIT; 35 were males (56.5%), and 27 (43.5%) were
females. The mean oral health situation was described as
follows: DMF-T 11.47 + 6.8, API 12.15 + 19.88%, and PBI
17.1 £ 23.15%. The mean periodontal condition was mild in
13 (21%), moderate in 36 (58.1%), and severe in 13 (21%) of
the subjects. Table 1 summarizes pertinent subject char-
acteristics. In total, 101 implants were included in the final
analysis (Table 1). None of the implants were lost during the
observation period (implant survival rate: 100%).

Examination parameters - In implant-based analysis, no
statistically significant differences were found for PPD
between baseline and t1 for Groups A, C and D. However, a
significant difference of PPD between baseline (1.77 = 1.58
mm) and t1 (2.31 = 1.54 mm) was detected for Group B (P=
0.022). Furthermore, no statistically significant differences
were found between t0 and t1 in MR and BOP for all groups
(Table 2). In subject-based analysis, no statistically significant
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Table 3. Patient-related results concerning the clinical parameters PPD, MR and BOP.

Total (n=62) Group A (n=17) Group B (n=15) Group C (n=16) Group D (n=14)
Parameters TO T1 TO T1 TO T1 TO T1 TO T1
PPD (mm)
(mv + sd) 194+15 2274136 1.76+1.15 235+127 193+ 167 247+16 225+177 206£129 1.79+148 221+1.37
MR (mm)
(mv + sd) 1.29+£098  1.21£0.99 129099 1.29+0.99 1.13£125 1.0+12 1.19+091 1.0£097 1.57+£0.76 1.57+0.76
BOP (%) 4.8 8.1 0 5.9 13.3 13.3 0 6.3 7.1 7.1

mv = mean value; sd = standard deviation.

Table 4. Comparison of the changes (A) over the study period between Groups A-D.

P value comparison

Parameters Group A Group B Group C Group D P value AvsB AvsC AvsD BvsC BvsD CvsD
Implant based (n=101)

PPD (A in mm) -0.46+1.10 -0.54+1.14 0.43+2.03 -0.05+1.63 0.04* 1.00 0.13 0.84 0.11 0.81 1.00
MR (A in mm) 0.00+0.59 0.12+1.11 0.23+0.82 0.10+£0.77 0.74° - - - - - -
BOP (A in %) -0.04+£0.20 0.00+0.28 -0.10+£0.31 0.00 £ 0.00 0.37° - - - - - -
Patient based (n=62)

PPD (A in mm) -0.59+128 -0.53+0.99 0.19+£2.10 -043+1.74 0.35? - - - - - -
MR (A in mm) 0.00£0.71 0.13+0.99 0.19+£0.91 0.00+0.78 0.85° - - - - - -
BOP (A in %) -0.06 +0.24 0.00+0.38 -0.06 £0.25 0.00 £ 0.00 0.83° - - - - - -

For the changes between t0 and t1, mean value and standard deviation is presented. Significant results are highlighted in bold (significance level P< 0.05).
* A post-hoc testing, comparing the singular groups was only executed if an overall significant P-value could be found.

 Kruskal-Wallis test.
Chi-squared test.

differences between t0 and t1 were found (P> 0.05; Table 3).
Comparing the change over time between groups, only PPD
showed a significant result in the implant-based analysis (P=
0.04). However, in the following post-hoc analysis, no
significant findings were detected (Table 4).

Regardless of group, considering all of the determined
values for PPD, MR, and BOP, the location of the implants
(upper vs. lower jaw; P= 0.02), the type of implant (P= 0.01),
and the age of the subjects (P= 0.04) had a significant
influence on BOP at follow-up. The subject’s gender, API,
and periodontal situation had no significant influence (P>
0.05) on PPD, MR, and BOP at follow-up.

Discussion

The prevalence of peri-implant mucositis and peri-
implantitis was reported at 43% and 22%,'” thus highlighting
frequent Dbiological complications in implant dentistry.
However, it is possible to avoid mucositis and peri-implantitis
with sufficient maintenance.'”** Thus, prevention strategies
concerning peri-implant mucositis and peri-implantitis are of
high importance.

The present multicenter study evaluated the efficacy of
four different professional approaches during SIT based on
the following parameters: PPD, MR, and BOP. The pre-
ventive approaches of Groups A, C, and D resulted in no
significant change (P> 0.05) in PPD, MR, or BOP between
baseline and follow-up, thus demonstrating that these
approaches are efficient options in removing bacterial plaque
from implant restoration surfaces and implant pockets to
maintain peri-implant health in the short term. This finding is
in line with a recent meta-analysis.'”

Implants of participants allocated to Group B (mechanical
debridement using manual curettes, air polishing with glycine

powder, and prophylaxis brush) showed no significant change
(P> 0.05) between baseline and follow-up in MR and BOP;
however, a significant difference (P=0.022) between baseline
and follow-up was observed in PPD. This was a significant
increase but lies within a non-pathological range. In this
regard, it must be emphasized that BOP is the key parameter in
evaluating mucosal health and diagnosing peri-implant muco-
sitis (peri-implant inflammation)."" Despite the significant
increase of PPD, there was no concurrent increase in BOP, so
peri-implant tissues could be considered healthy.

The supplemental application of CHX varnish in the peri-
implant tissues used in groups C and D showed no significant
benefit (P> 0.05) in reducing PPD, MR, and BOP in the short
term compared to Groups A and B (comparison groups).
Similarly, in a meta-analysis,”’ there was no significant
decrease in BOP, gingival index or probing depth scores at
mucositis sites in the short term after using adjuvant CHX.
This is in line with the literature, which shows no evidence for
the adjuvant use of CHX.'® Further research is needed to
evaluate a possible long-term impact of adjunctive measures
on peri-implant health.

Furthermore, the additional use of glycine powder air
polishing in Groups B and D did not reveal any major
improvements in the short term compared to mechanical
therapy in Groups A and C. There was no significant decrease
in PPD, MR, and BOP (P> 0.05) in the short term. However,
air polishing with glycine powder was not associated with any
side effects (e.g., emphysema formation) and is a safe device
for supra- and submucosal plaque removal at implant sites.”®

Therefore, there is no proof of superiority of any of the
investigated approaches in short-term peri-implant maintenance.
These data are in accordance with the recent literature'>*
showing that mechanical debridement (with or without the use
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of polishing devices, together with individual oral hygiene
instructions) as the current standard of care to prevent peri-
implant inflammation and manage peri-implant mucositis for
the primary prevention of peri-implantitis.

Risk factors for developing peri-implant inflammation
have been considered by only a few studies, indicating that a
history of periodontal disease, smoking, systemic diseases,
radiation therapy, abutment surface characteristics, the size of
keratinized tissue, genetics, gender, and function time of im-
plants may cause peri-implant inflammation.’**' Based on
individual risk and lifestyle factors and clinical findings, there
is a need to individualize professional preventive measures.
Recommendations have been made'” regarding risk factor
control, behavioral interventions, and psychological approaches
to behavioral change (i.e., smoking) to achieve self-admin-
istered health of peri-implant tissues.

The current study revealed that the location of implants
had a significant influence (P= 0.02) on BOP. It was estab-
lished that the cortical and alveolar bones in the maxilla have
a lower density compared with the mandible,”* which leads to
a higher susceptibility to inflammation. This could explain the
findings in the current study. However, further research is
needed to evaluate the relationship between the location of
implants and susceptibility to inflammation. Furthermore, it
was shown that the age of the subjects had a significant
influence (P= 0.04) on BOP. In the present study, no subjects
under 48 years of age showed positive BOP scores in follow-
up, but 3.0-20.8% of the subjects aged 49 years and above
exhibited positive BOP scores. Similar results were observed
in another study.” BOP positive scores for teeth were
constantly increasing with increasing patient age. Elderly
subjects are frequently affected by increased levels of chronic
inflammation; an impaired immune function is associated
with aging, which leads to increased inflammatory reactions.**
Likewise, it should be underscored that the demographic of
older adults is growing, resulting in an increased number of
subjects with physical or cognitive limitations. Increasing the
frequency of SIT and examinations can help promote the
optimal maintenance of oral hygiene.'” To date, however, age
has not been described as a risk factor for the development of
peri-implant inflammation.***" In addition, it was found that
the type of implant had a significant influence (P= 0.01) on
BOP. Although the evidence is weak, different abutment
surface characteristics and the implant neck design may play a
role in the quality and quantity of plaque accumulation.
Smoking and periodontal history are the most important risk
factors for peri-implant diseases.*'® In the short-term main-
tenance of the current study, no influence of periodontal
history on peri-implant inflammation could be shown (P>
0.05), and smokers were excluded.

Although the research has been completed successfully,
there were some limitations to this study. The design of the
study fulfills the qualifications for a prospective, randomized
controlled trial. Because of the different locations, more than
one hygienist collected data. The complete blinding of
participants and hygienists was thus not possible due to the
applied approaches. Furthermore, one of the inclusion criteria,
requiring at least eight subjects (two per group) from each
practice, led to a high loss of participants during follow-up for
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analysis. Although it was ensured that motivated and
prevention-oriented individuals were included in this study to
minimize the influence of individual skills and compliance,
the loss of subjects to follow-up was high, and the relatively
small number of treated subjects and implants resulted in data
limitations. Accordingly, the power of the current study may
be too low to draw strong conclusions. A specific power cal-
culation was not performed beforehand but would have been
helpful to ensure powerful results. Furthermore, these are only
short-term results for an examination period of 1 year. Based
on the results of the current study, it is impossible to estimate
any long-term results for mucositis and peri-implantitis.

One further limitation is the age difference between the
groups in the final analysis. The subjects were matched on
age and gender during follow-up; however, the age distri-
bution for final analysis was influenced by the loss of par-
ticipants during follow-up. Furthermore, bacterial load and
inflammatory markers [e.g., interleukin, matrix-metallo-
proteinase (MMP)] may be of interest. Nevertheless, recent
studies from this working group showed that potentially
periodontal pathogenic bacteria and the aMMP-8 concentra-
tion do not provide sufficient information in this context,
particularly in subjects undergoing peri-implant mainten-
ance.”> Nonetheless, there is no clear evidence for the
appropriate prevention approach for peri-implant diseases.
The current study serves as a basis for further research, which
is needed to confirm the results.

Within the limitations, the current study showed that
mechanical debridement is able to prevent peri-implant
inflammation in the first year after implant restoration. The
supplemental application of CHX varnish had no significant
additional benefit. The results indicated that the location of
implants, the type of implant, and the age of subjects had
significant influences on mucosal inflammation.
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