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Abstract

The aim of this report is to show that periodontitis and peri-implantitis with horizontal bone resorption in a 68-year-old
male patient were successfully treated by non-surgical treatment. Scaling with an ultrasonic device was performed for
moderate periodontitis around the mandibular left first premolar and moderate peri-implantitis around the maxillary right
molar implants. Root planing with a metal curette was performed for the periodontal site, and debridement with a plastic
curette was performed for the peri-implant site. A month after treatment, probing depth decreased from 5 to 2mm at the
periodontal site and 8 to 3 mm at the peri-implant site. The investigation of bacterial composition by sequencing the 16S
rRNA gene amplicons showed that the composition similarly changed at both sites, 5years after treatment; the change
reflected the typical recovery of periodontitis. The clinical condition was maintained for 7years after treatment at both
sites. This was a successful case of non-surgical treatment for peri-implantitis with horizontal bone resorption, promoting
recovery of the microbiota from dysbiotic shift.
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Introduction peri-implant site would be comprehensively investigated
before and after treatment. That being said, none of the pre-
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Figure |. Baseline presentation: (a) intraoral view of the mandibular left molar area on the buccal side; (b) periapical radiograph of the
mandibular left premolar area, showing horizontal bone resorption around the first premolar; (c) intraoral view of the maxillary right
molar area on the buccal side. The margin of the superstructure is not visible because of being subgingival; and (d) periapical radiograph
of the maxillary right molar area, showing the overhang of the superstructure, excess cement, and horizontal bone resorption.

limited bacterial taxa.! High-throughput sequencing technol-
ogy is one of the effective solutions for investigating compo-
sition of multiple bacterial taxa simultaneously, as an
alternative to traditional ways such as bacterial culture and
polymerase chain reaction. The aim of this case report is to
present a successful case of non-surgical treatment for peri-
odontitis and peri-implantitis sites with horizontal bone
resorption in a patient, with the data of comprehensive inves-
tigation of bacterial composition using a high-throughput
sequencer.

Case report

This report was approved by the Dental Research Ethics
Committee of Tokyo Medical and Dental University (Tokyo,
Japan; approval number D2015-535). A Japanese male aged
68 years presented with the discomfort in the maxillary right

jaw area in June 2013. He was a nonsmoker, and his medical
history was non-significant, although he had poor plaque
control. Periodontitis was the primary reason for tooth loss
and most of them had been restored by implants that were
placed in other dental clinics. Written informed consent was
obtained from the patient for this report.

Clinical and radiographic examinations revealed moder-
ate periodontitis around the mandibular left first premolar,’
restored with a metal inlay and composite resin filling
(Figure 1(a)). Probing depth (PD) for the tooth was 5 mm and
bleeding on probing (BOP) was observed (Table 1). The
radiograph showed horizontal bone resorption around the
first premolar (Figure 1(b)). The patient was diagnosed with
generalized periodontitis of stage IV with grade B3 accord-
ing to PD = 6 mm, furcation involvement class II, secondary
occlusal trauma (tooth mobility degree =2), 20 remaining
teeth, and 0.76 bone loss/age. Teeth with severe periodontitis
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Table I. Clinical assessment.
Baseline 5 Years 7 Years
Buccal Palatal/lingual Buccal Palatal/lingual Buccal Palatal/lingual
Mesial Mid  Distal Mesial Mid Distal Mesial Mid Distal Mesial Mid Distal Mesial Mid Distal Mesial Mid Distal
#17 (Implant)
PD (mm) 4 7 8 5 7 4 3 3 3 3 2 3 3 2 4 3 2 3
MR (mm) 0 0 0 0 0 0 2 3 3 2 3 3 3 3 4
BOP + + + + + + - - - - - - - - -
Mobility 0 0 0
#34 (Tooth)
PD (mm) 4 5 4 4 5 2 2 2 2 2 2 2 3 2 2 2 2
MR (mm) 3 5 4 3 4 4 4 7 4 5 5 5 5 5 5 4
BOP + + + + + + - - - - - - - -
Mobility 0 0 0

PD: probing depth; MR: mucosal recession; BOP: bleeding on probing.

and/or furcation involvement were excluded from sampling
because they were diagnosed for extraction. In addition,
moderate peri-implantitis was observed around two implants
in the maxillary right first and second molar region with
radiographic bone level =3 mm in combination with BOP
and PDs = 6 mm using the criteria in the absence of previous
radiographs,* having the metal-ceramic superstructure as
part of the bridge (Figure 1(c)). The superstructure had an
insufficient contour with overhanging margins below the
gingival crest, and excess cement was found on the radio-
graph (Figure 1(d)). These two implants, the system of which
was unknown, had been placed with sinus lift approximately
10years back in another clinic. The PD for the second molar
implant was 8 mm, and the BOP was observed (Table 1).
Horizontal bone resorption with radiographic bone
level =3 mm was observed around the implants in the radio-
graph (Figure 1(d)). O’Leary plaque control record (PCR)
was 54.8%.

Oral hygiene instructions were given to improve plaque
control to the PCR level of less than 10%. Non-surgical
treatment was then carried out for periodontitis around the
mandibular left first premolar and peri-implantitis around
the maxillary right molar implants. For periodontitis, scaling
and root planing were performed without anesthesia. An
ultrasonic device (Enac, Osada Electric Co. Ltd., Tokyo,
Japan) with a stainless steel tip was used for scaling and a
metal curette (Gracey curette, Hu-Friedy, Chicago, IL, USA)
for root planing. For peri-implantitis, scaling and debride-
ment were performed without anesthesia. The ultrasonic
device and stainless steel tip similar to periodontitis were
used for scaling. A plastic curette (Implacare, Hu-Friedy)
was used for debridement. In these procedures, excess
cement was removed.

At the time of pre-treatment examinations (pre-treatment)
and Syears after treatment (post-treatment), subgingival
plaque was collected from the periodontal pocket around the
mandibular left first premolar and from the peri-implant

pocket around the maxillary right second molar implant. The
plaque was collected from the deepest pocket of six sites by
placing a sterile paper point for 30s. Bacterial DNA was
extracted from the plaque using a kit (Mora-extract AMR
Inc., Tokyo, Japan), according to the manufacturer’s instruc-
tions. The 16S rRNA gene library was constructed by ampli-
fying the V3-V4 region of the 16S rRNA gene, using the Q5
Hot Start High-Fidelity DNA Polymerase (New England
Biolabs, Ipswich, MA, USA) and 5-TCGTCGGCAGC
GTCAGATGTGTATAAGAGACAGCCTACGGGNGGC
WGCAG-3' (forward) and 5-GTCTCGTGGGCTCGGAG
ATGTGTATAAGAGACAGGACTACHVGGGTATC
TAATCC-3' (reverse) primers. The library was sequenced
using a MiSeq platform (Illumina, San Diego, CA, USA) to
obtain 2 X 300bp paired-end reads. The read data were sub-
mitted to the DNA Data Bank of Japan (http://www.ddbj.nig.
ac.jp/) under accession number DRA010158. The reads were
processed with the Illinois Mayo Taxon Organization from
the RNA Dataset Operations (IM-TORNADO) pipeline.’
The preprocessed reads were clustered into operational taxo-
nomic units (OTUs), taxonomically assigned at the genus
level using the Human Oral Microbial Database v15.16 at
97% sequence identity.

A month after treatment, the PD decreased to 2 mm for the
periodontal and 3 mm for the peri-implant site. No BOP was
observed at either site. These findings were maintained for
3 months and follow-up was performed thereafter (Table 1).
At every visit during follow-up, professional mechanical
cleaning was performed using a rubber cup (Merssage Cup
No.1P, Shofu Inc, Kyoto, Japan) and/or air polishing (Quick
Jet, Yoshida, Tokyo, Japan). Scaling was performed for the
periodontal site using the ultrasonic device with a stainless
steel tip and for the peri-implant site using the plastic
curette. Irrigation with 0.2% benzethonium chloride
solution (Neostelin Green, Japan Dental Pharmaceutical
Manufacturing Co. Ltd., Yamaguchi, Japan) was performed
for both sites. For a 5-year follow-up, periodontal
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Figure 2. Five-year follow-up: (a) gingiva is receded and tightened around the mandibular left first premolar; (b) section of panoramic
radiograph shows the increase of bone density around the first premolar; (c) peri-implant mucosal recession is observed around the
maxillary right molar implants. The margin of the superstructure is exposed to be supragingival; and (d) bone density is increased around

the implants.

and peri-implant health was maintained, and no significant
problems occurred. The clinical outcomes were assessed
Syears after treatment, in May 2018. The PD was 2mm for
the periodontal site and 3mm for the peri-implant site
(Figure 2, Table 1). Peri-implant mucosal recession was
observed at the peri-implant site (Figure 2). No BOP was
observed for either site. In the radiograph, progression of
bone resorption was not observed at both sites (Figure 2).
Two years from the first visit, the mandibular left second
premolar with a caries and periapical lesion was restored
with a porcelain-fused-to-metal crown (Figure 2).

At both pre-treatment and post-treatment, bacterial com-
position was similar at the periodontal and peri-implant site
(Figure 3). At the phylum level, Bacteroidetes was most pre-
dominant in its proportion in the pre-treatment plaque
(35.2% at the periodontal and 40.0% at the peri-implant
site), followed by the major phyla such as Firmicutes,
Actinobacteria, Fusobacteria, and Proteobacteria. In the
post-treatment plaque, Firmicutes, Actinobacteria, and
Proteobacteria were predominant, followed by Bacteroidetes
and Fusobacteria.

From pre-treatment to post-treatment, the bacterial
composition was remarkably changed at both sites. An
increase was observed in Firmicutes, Actinobacteria, and
Proteobacteria, whereas a decrease was observed in
Bacteroidetes, Fusobacteria, and Synergistetes. The propor-
tion of the phylum Synergistetes, consisting of only the
genus Fretibacterium, decreased to zero. Similarly, the pro-
portion of the phylum Spirochaetes, consisting of only the
genus Treponema, decreased to zero at the periodontal site
(Figure 3(a)), whereas there was a slight change at the peri-
implant site (Figure 3(b)).

The increase and decrease in phyla were attributed to par-
ticular genera (Figure 4). The genus Streptococcus remarka-
bly increased in abundance in the phylum Firmicutes at both
sites (1.87%—25.8% at the periodontal site and 3.80%—-26.4%
at the peri-implant site). In the phylum Actinobacteria, a
decrease in the genus Olsenella and an increase in the genus
Rothia were observed at both sites. However, a decrease
was observed in the genera Porphyromonas, Prevotella,
Alloprevotella, and Tannerella in the phylum Bacteroidetes,
and in the genus Fusobacterium in the phylum Fusobacteria.
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Figure 3. Bacterial composition at the phylum level. The percentage abundance of each phylum is indicated in a bar chart (a) for the
periodontal site and (b) for the peri-implant site. The data at the pre-treatment is shown at the left side, and the data at the post-

treatment is shown at the right side. For example, “T—Pre” means the data for the periodontal site (i.e. “T” for the tooth and

nln

for

the implant) at the pre-treatment (i.e. “Pre” for the pre-treatment and “Post” for the post-treatment). The lowermost “Unclassified” is
the taxon that is not classifiable at the phylum level but is classified in the domain of Bacteria.

Among them, the decrease in Porphyromonas was most
remarkable at 21.7%—0.0426% at the periodontal site and
20.9%—0.236% at the peri-implant site. Although most of the
increase and decrease at the genus level were similar at both
sites, the genus Lautropia in the phylum increased at the
periodontal site (Figure 4(a); 0.990%—5.68%) but decreased
at the peri-implant site (Figure 4(b); 4.04%-0.408%). The
ratio of Porphyromonas to Streptococcus (Porphyromonas/
Streptococcus ratio) showed a remarkable decrease, as 11.6
to 0.00165 at the periodontal site and 5.49 to 0.00892 at the
peri-implant site.

The clinical outcomes were assessed after 7 years of treat-
ment, in March 2020. The PD was 3 mm for the periodontal
site and 4mm for the peri-implant site (Figure 5, Table 1).
No BOP was observed at either site. Progression of bone
resorption was not observed at both sites on the radiographs
(Figure 5). The maxillary right third molar was extracted
after 6 years of treatment because of caries and root fracture
(Figure 5); the extraction was already recommended before
treatment, but the patient did not agree until the discomfort
became significant enough.

Discussion

In this case, an excellent outcome was observed by non-sur-
gical treatment for periodontitis and peri-implantitis sites
with horizontal bone resorption in the same oral cavity. After
Syears of treatment, both sites showed similar changes in
plaque bacterial composition to be typical of healthy sites.
The change in bacterial composition through the treatment
indicated a good prognosis as this patient maintained healthy

periodontal and peri-implant sites. This case report is remark-
able in longitudinally investigating alteration in bacterial
composition through non-surgical treatment using a high-
throughput sequencer comprehensively, although a few stud-
ies have been reported for cross-sectionally comparing
bacterial composition between periodontitis and peri-
implantitis within the same oral cavity.”” In addition, this
case was followed up for 7 years, which was longer than the
previous reports in which the duration of follow-up was from
3 to 12months, 1011

First, the outcome of non-surgical treatment for the index
case was expected to be poor because of risk factors such as
a history of periodontitis, poor plaque control, and overhang-
ing superstructure at the peri-implant site.'”> Although
replacement of the superstructure was recommended, it
could not be performed as the patient did not agree. However,
the outcome was excellent, possibly due to improvement of
plaque control and removal of excess cement. The peri-
implant mucosal recession resulted in exposure of the sub-
gingival margin of the implant superstructure to the
supragingival area, which made plaque control for this site
easier. Treatment of the adjacent tooth would also have
resulted in the improvement of periodontal condition at the
periodontal site. A previous study demonstrated excess
cement in 81% of the cases of peri-implant disease, and the
removal of excess cement resulted in disappearance of the
disease signs in 74%.'> Moreover, the horizontal bone resorp-
tion at the periodontal and peri-implant sites should be dis-
cussed. In this patient, significant vertical resorption of the
alveolar bone was not observed at the periodontal and peri-
implant sites. A previous study showed that the reduction of
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Figure 4. Bacterial composition at the genus level: the percentage abundance of each genus is shown in the same manner as Figure 3:
(a) for the periodontal site and (b) for the peri-implant site. Genera are listed according to their upper rank of phylum. The lowermost
“Unclassified” in each phylum is the taxon that is not classifiable at the genus level but is classifiable at a rank higher than genus in the

domain of Bacteria.

pocket depth and the gain of clinical attachment by root
planing for the periodontal sites were significantly larger in
horizontal bone resorption than in vertical.'* In this case,
horizontal bone resorption would have contributed to the
good outcome because it was observed at both of the peri-
odontal and peri-implantitis sites before treatment. In
addition, in terms of debridement methods, the use of plas-
tic curette for peri-implantitis after scaling using an ultra-
sonic device may also have resulted in the success of the
treatment.

Before treatment, the periodontal site showed typical bac-
terial composition with highly abundant periodontal patho-
gens; the microbiota was considered to be imbalanced
(i.e. dysbiosis)."> The genera Porphyromonas, Tannerella,
and Treponema are generally found with high frequency in

periodontal pockets, and the particular species in these gen-
era are called the red complex. In addition, other genera also
frequently found in periodontal pockets, such as Prevotella
and Fusobacterium,'® were higher at pre-treatment than
post-treatment. Interestingly, the composition at the peri-
implant site was similar to that at the periodontal site, sug-
gesting the transmission of periodontal pathogens from
periodontitis lesions to peri-implant sites.!” In contrast, the
genera Streptococcus and Rothia, reported to be predomi-
nant at healthy periodontal sites,'® increased in prevalence
from pre- to post-treatment. Although minor differences in
the proportional change existed among the genera, the over-
all change in bacterial composition from inflamed to healthy
microbiota strongly supported the success of non-surgical
treatment for this patient. On the contrary, the genus
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Figure 5. Seven-year follow-up: (a) gingiva around the mandibular left first premolar is still tightened; (b) the BOP is not observed
around the first premolar, with the PD of 3 mm; (c) bone density is maintained around the first premolar; (d) tightness of peri-implant
mucosa is maintained around the maxillary right molar implants; (e) the BOP is not observed around the implants, with the PD of 4mm;

and (f) bone density is maintained around the implants.

Lautropia showed exceptional behavior, as it increased at the
periodontal site and decreased at the peri-implant site. The
species Lautropia mirabilis has been shown to be more abun-
dant at nonrefractory periodontitis sites than refractory;"’
however, its role in the etiology of periodontitis and peri-
implantitis is currently unknown. Such differences in the
overall similar change of bacterial composition at both sites
would provide a clue to disease-specific treatment, custom-
ized for peri-implantitis.

Moreover, this report clearly demonstrated the obvious
decrease of periodontal pathogens, in contrast to a previous
study showing the non-significance of the effect of non-sur-
gical treatment on the change of subgingival bacterial com-
position at the peri-implant sites.?’ The periodontal pathogen
Porphyromonas gingivalis disturbs the host immune system
in periodontitis lesions. A decrease in periodontal pathogens,
including such bacterial species, would be a sign of treat-
ment success. The Porphyromonas/Streptococcus ratio, cal-
culated from the two genera drastically changed in amount
through the treatment, would be a good indicator for predict-
ing the therapeutic effect and prognosis for peri-implantitis
and periodontitis. This case report was, however, limited in
the number of subjects and in dissecting alteration of bacte-
rial composition, which was difficult to diagnose inflamma-
tion and to characterize particular bacterial taxa as causative
agents of inflammation. Therefore, further studies are needed
to investigate the alteration of this ratio and changes in

multiple cases, including those of surgical treatment along
with the assessment of the change in actual bacterial counts.

Conclusion

In this case, non-surgical treatment was effective for peri-
implantitis with horizontal bone resorption and presence of
excess cement. By non-surgical treatment, the periodontal
and the peri-implant sites showed similar changes in the bac-
terial composition from the predominance of periodontal
pathogens to the typical composition of healthy sites.
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