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Assessment of soft and hard tissue dimensions following
different treatment approaches of ligature-induced peri-
implantitis defects
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and surgical therapy (S) employing different decontamination protocols of advanced

Material & Methods: Peri-implantitis defects (n = 5 dogs, n = 30 implants) were ran-
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marginal portion of the peri-implant mucosa (PM); (v1) at 50% of the distance from

to-implant contact. Vertical peri-implant tissue height was calculated from PM to BC.
Results: All of the treatment groups showed a gradual hMT increase from vO to the
v2 reference point, followed by a reduction from v2 to the v3 region. The S-VUS
subgroup tended to be associated with higher hMT values at the vO region than the
NS-VUS subgroup (0.44 mm versus 0.31 mm). PM-BC distance varied from 2.22 to
2.83 mm in the NS group, and from 2.07 to 2.38 in the S group.

Conclusion: Vertical and horizontal peri-implant tissue dimensions were similar in

different treatment groups.
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1 | INTRODUCTION of supporting bone (Berglundh et al., 2018). Considerable evidence

supports the microbial etiology of peri-implantitis, implicating that
Peri-implantitis is defined as a pathological condition that affects the suppressing the progression of the disease requires removing bac-
tissues surrounding dental implants, characterized by an inflamma- terial plaque biofilms from the infected implant surfaces (Berglundh
tion of the peri-implant mucosa and a subsequent progressive loss et al., 2018).

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. Clinical Oral Implants Research published by John Wiley & Sons Ltd.

394 wileyonlinelibrary.com/journal/clr Clin Oral Impl Res. 2021;32:394-400.


www.wileyonlinelibrary.com/journal/clr
https://orcid.org/0000-0002-1649-1882
mailto:﻿
https://orcid.org/0000-0001-5515-227X
http://creativecommons.org/licenses/by-nc/4.0/
mailto:f.schwarz@med.uni-frankfurt.de
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fclr.13709&domain=pdf&date_stamp=2021-01-27

RAMANAUSKAITE ET AL.

Implant surface decontamination can be accomplished through ei-
ther nonsurgical or surgical approaches. Over the last several decades,
numerous implant surface decontamination protocols of varying effec-
tiveness have been advocated for peri-implantitis treatment. In fact,
preclinical data indicated a lower apical extension of inflammatory cell
infiltrates at implant sites treated with an erbium-doped: yttrium, alu-
minum, and garnet (Er:YAG) laser via a nonsurgical approach compared
to those treated with an ultrasonic device or plastic curettes with ad-
junctive local antibiotics (Schwarz et al., 2006). Furthermore, Er:-YAG
laser decontamination performed via a surgical approach resulted in
higher rates of re-osseointegration compared to those treated with the
aforementioned measures (Schwarz et al., 2006).

From a clinical perspective, various nonsurgical peri-implantitis
treatment strategies employing mechanical debridement alone or
with adjunctive (i.e., local antibiotics or antimicrobial photodynamic
therapy) and/or alternative measures (e.g., air abrasive devices or
Er:YAG laser monotherapy) have demonstrated unpredictable treat-
ment outcomes, largely attributable to limited access to the implant
surface (Klinge & Meyle, 2012; Schwarz et al., 2015). On the con-
trary, surgical techniques that allow for direct access to the contam-
inated implant surface have shown clinical superiority in arresting
disease progression (Schwarz et al., 2015). Nonetheless, recent
recommendations also emphasize the need to assess the changes in
peri-implant soft-tissue levels that, in turn, are essential for esthetic
and biological outcomes of implant therapy (Giannobile et al., 2018;
Jepsen et al., 2019).

Previous clinical data have demonstrated that diseased im-
plant sites are associated with increased horizontal tissue thickness
(Schwarz et al., 2017). Consequently, it appears to be reasonable
that soft tissue-level changes following peri-implantitis therapy
occur mainly due to a decrease in mucosal thickness as a result of
the resolution of inflammatory soft-tissue infiltrates and, to a certain
extent, trauma caused by surgical intervention.

The potential influence of various treatment procedures and de-
contamination methods on the dimensions of peri-implant tissues
has not been addressed so far. In this context, it might be hypoth-
esized that the invasiveness of therapeutic interventions, as well as
decontamination protocols, may be associated with a different di-
mensional structure of peri-implant tissues. Therefore, the present
study aims to evaluate peri-implant hard- and soft-tissue dimensions
following nonsurgical and surgical therapy for advanced ligature-in-
duced peri-implantitis using different implant surface decontamina-
tion protocols.

2 | MATERIALS AND METHODS
2.1 | Study design and animals
This study reports on a supplementary histological analysis of tis-

sue biopsies obtained from previous experimental study employing

a total of five 6-year-old female beagle dogs (mean weight 16.3 kg)
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(Schwarz et al., 2006). During the experiment, the dogs were fed
once per day with soft-food diet and water. Animal selection, man-
agement, and surgery protocol were approved by the local authority
(Animal Care and Use Committee of the Heinrich Heine University
and the Bezirksregierung Disseldorf) and the present reporting fol-
lowed the ARRIVE Guidelines.

2.2 | Anesthesia protocol and
experimental procedures

The anesthesia/analgesia protocols and experimental procedures
have been detailed previously (Schwarz et al., 2006). In brief, after
intramuscular sedation with acepromazine (0.17 mg/kg of body
weight; Vetranquil 1%, Ceva Tiergesundheit, Disseldorf, Germany),
the dogs were anesthetized with 21.5 mg/kg thiopental sodium
(Traoanal 2.5%, Altana GmbH, Konstanz, Germany). For all surgical
procedures, inhalation anesthesia was performed by the use of oxy-
gen and nitrous oxide and isoflurane. To maintain hydration, all ani-
mals received a constant infusion rate of lactated Ringer's solution
while anesthetized. The experimental phases included the following
procedures:

Phase 1 (Tooth extraction): After reflection of the full-thickness
mucoperiosteal flaps and tooth separation, P2-M1 were carefully
removed. Wound closure was performed by means of mattress su-
tures, and the sites were allowed to heal for 4 months.

Phase 2 (Implant placement): Following the elevation of the
full-thickness mucoperiosteal flaps, three sand-blasted, large grit,
and acid-etched (SLA) titanium implants were epicrestally placed on
each side of the mandible (narrow neck, @ 3.3 mm, length 10 mm,
Institut Straumann® AG) (n = 6 implants per dog) at 8 mm apart. All
implants were connected with healing abutments (height: 2 mm,
Institut Straumann® AG) and left to heal for 3 months in a transmu-
cosal position.

Phase 3 (Induction of Peri-implantitis): Peri-implant mucosal in-
flammation was initiated by the submucosal placement of cotton
ligatures (4-0) around each implant (Lindhe et al., 1992), and the
plaque control regimen was terminated.

Phase 4 (Progression of ligature-induced Peri-implantitis): The lig-
atures were replaced once every 3 weeks and removed when ap-
proximately 40% of the initial bone support was lost (approximately
3 months), based on standardized radiographs. This was followed by
a progression period of 4 weeks.

Phase 5 (Peri-implantitis Treatment): At the end of the progres-
sion period and renewal of the plaque control regimen, defects were
randomly and equally allocated in a split-mouth design either as
nonsurgical submucosal instrumentation (NS) or as access flap sur-
gery (S) using one of the following debridement/decontamination
approaches (Figure 1):

e Er: YAG laser treatment (KEY3®; KaVo; 100 mJ/pulse, 10 Hz, and
pulse energy at the tip was approximately 85 mJ/pulse) (ERL).
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e Ultrasonic device with a straight polyether ether ketone fiber
(PEEK) and a polishing fluid (HA particles <10 um) (Vector®; Diirr)
(VUS).

e Plastic curettes (Institut Straumann AG), followed by subgingival
(i.e., CNS- groups) or peri-implant application of metronidazole gel
25% (in S groups; Elyzol®; Colgate-Palmolive) (PCM).

Accordingly, the following treatment subgroups were tested in
each animal (n = 5)1:

e NS-ERL
e NS-VUS
e NS-PCM
e S-ERL
e S-VUS
e S-PCM

All implant sites in S group underwent a submerged healing.
Implants in the NS group were left to heal in a transmucosal position.

3 | CLINICAL MEASUREMENTS

Changes of mucosal recession (deltaMRDb) at the vestibular aspect
were assessed for the implants in the NS group at the baseline (i.e.,
before the ligature placement) and 3 months after treatment. The
measurements from the implant shoulder (IC) to the mucosal margin
(PM) were performed by using the PCP12 periodontal probe.

3.1 | Histological preparation

The animals were sacrificed (overdose of sodium pentobarbi-
tal 3%) after a healing period of 3 months, and the oral tissues
were fixed by perfusion with 10% buffered formalin adminis-
tered through the carotid arteries. The histological preparation
has been reported in detail previously (Schwarz et al., 2006). In

brief, the tissue biopsies were dehydrated using ascending grades

of alcohol and xylene, infiltrated, and embedded in methyl meth-
acrylate (MMA) (Technovit 9100 NEU; Heraeus Kulzer) for non-
decalcified sectioning (Exakt®; Apparatebau). The most central
section prepared at each implant site in the vestibulo-oral direc-
tion was ground to a final thickness of approximately 30 um and

stained with toluidine blue.

3.2 | Histological analysis

For image acquisition, a color CCD camera (Color View lII; Olympus)
was mounted on a binocular light microscope (Olympus BX50;
Olympus). Digital images (original magnification x 200) were evalu-
ated using a software program (analySIS FIVE docu®; Soft Imaging
System).

The following landmarks were identified in the stained sections
(Figure 2): PM, the bone crest (BC), the most coronal extension of
the bone-to-implant contact (CBI). The horizontal mucosal thickness
(hMT) and bone thickness (hBT) were the primary outcomes mea-
sured perpendicularly to the implant axis at the level of PM (v0), 50%
IS-BC (v1), BC (v2), and CBI (v3). Vertical soft-tissue complex height
was measured from PM to BC.

All histological measurements were performed by one calibrated
examiner. The intra-examiner reproducibility was evaluated using 10
randomly selected histological specimens. The calculated mean vari-
ability between the repeated measurements at baseline and 48 hr
was 0.940 + 0.041.

3.3 | Statistical analysis

The statistical analysis of the data sets was accomplished using a
commercially available software program (IBM SPSS Statistics 26.0;
IBM Corp.).

Mean values, standard deviations, and medians were calculated
for all parameters in different treatment groups defining the animal
as statistical unit. Due to the low sample size and exploratory nature
of the analysis, only descriptive statistics were applied.

FIGURE 1 Peri-implantitis lesions
were randomly and equally allocated in a
split-mouth design to either nonsurgical
treatment (NS) or access flap surgery

(S) using different instrumentation
methods: (a) NS using the Er: YAG laser
treatment. (b) S using ultrasonic device. (c)
Submerged healing following S approach.
(d) Non-submerged healing following NS
treatment
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FIGURE 2 The following reference
points served for the assessment of hMT
(red lines) and hBT (turquois lines) values
(specimen of the EB group): PM, peri-
implant mucosal margin; BC, bone crest
50% PM-BC; CBI, coronal extension of
bone-to-implant contact

4 | RESULTS

The postoperative healing was uneventful in all cases. However, all
implant sites were exposed at between 8 and 10 weeks following
primary wound closure in the S group.

Box plots indicating clinical and histological measurements in
different treatment groups are depicted in Figure 3a,c. Clinically,
mean values of deltaMRb in NS group ranged from 1.06 + 0.61 mm
to 2.06 + 0.66 mm. In particular, the lowest values appeared in the
NS-ERL subgroup, and the highest values were registered in the
NS-PCM subgroup. The mean postoperative mucosal recession
amounted to 1.10 + 0.64 mm, 0.89 + 1.12 mm, and 0.38 + 1.19 mm
for the S-ERL, S-VUS, and S-PCM subgroups, respectively.

Mean PM-BC values in the NS subgroup amounted to
2.22 + 0.41 mm (NS-PCM), 249 + 0.93 mm (NS-VUS), and
2.83 + 1.16 mm (NS-ERL). Lower mean values were recorded in the
S group for the VUS and ERL subgroups (S-PCM: 2.38 + 0.31 mm,
S-VUS: 2.07 + 0.83 mm; S-ERL: 2.08 + 0.47 mm).

All treatment groups showed a gradual hMT increase from vO
toward the v2 region, followed by a reduction from v2 to the v3 re-
gion. At the vO region, the mean hMT ranged from 0.31 + 0.069 mm
to 0.35 + 0.13 mm in NS groups and from 0.29 + 0.13 mm to
0.44 + 0.09 mm in the S groups. The mean hMT at the vO reference
point in the S-VUS subgroup tended to be higher compared to the NS-
VUS subgroup (0.44 mm versus 0.31 mm). The mean estimated hMT in-
crease fromvOto v2reached 1.12 + 0.16 mm in the NS-PCM subgroup,
1.51 + 0.54 mm in the NS-ERL subgroup, and 1.61 + 0.75 mm in the

NS-VUS subgroup. The corresponding mean values in the S treatment

subgroups were 1.22 + 0.04 mm (S-PCM), 1.38 + 0.38 mm (S-ERL), and
1.66 + 0.19 mm (S-VUS), respectively. Regarding the v2-v3 hMT re-
duction, the PMS subgroup showed the smallest mean decrease in the
NS and S groups (0.25 + 0.09 mm and 0.24 + 0.33 mm, respectively).
These corresponded to 0.45 + 0.36 mm and 0.60 + 0.44 mm for the
NS-VUS and S-VUS subgroups and to 0.67 + 0.44 and 0.53 + 0.35 mm
for the NS-ERL and S-ERL subgroups, respectively.

In all treatment subgroups, the hBT increased from v2 to v3. For
the NS groups, the mean hBT values ranged from 0.67 + 0.16 mm
to 0.85 + 0.39 mm at the v2 area, and from 1.15 + 0.46 mm to
1.85 + 0.77 mm at the v3 area. A mean hBT increase from the v2
to v3 reference point of 0.48 + 0.29 and 0.58 + 0.23 mm was reg-
istered for the NS-VUS and NS-PMS subgroups, respectively, while
the highest mean hBT increase occurred in the NS-ERL subgroup
(1.0 = 0.45 mm). For the S treatment subgroups, hBT values ranged
from 0.61 + 0.32 mm to 0.81 + 0.04 mm at the v2 reference point,
and from 1.21 + 0.02 to 1.65 + 0.48 mm in the v3 region. The mean
hMT increase from v2 to the v3 region was 0.56 + 0.21 mm in
the S-PMC subgroup, 0.84 + 0.44 mm in the S-ERL subgroup, and
1.08 + 0.64 mm in the S-VU subgroup.

5 | DISCUSSION

The present analysis was aimed at assessing vertical and horizontal
peri-implant tissue dimensions following nonsurgical and surgical
therapies employing different decontamination protocols of ad-

vanced ligature-induced peri-implantitis in a canine model.
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FIGURE 3 Boxplots indicating deltaMRb (delta just refers to the ns group), PM-BC, hMT, and hBT values in different treatment groups:

(a) ERL. (b) VUS. (c) PCM

Based on the histological findings, mean vertical soft-tissue di-
mensions tended to be slightly higher in the NS treatment groups,
compared to those assessed in S groups (NS range: 2.22-2.83 mm;
S range: 2.07-2.38 mm), suggesting that a non-invasive therapeu-
tic approach may facilitate the preservation of vertical soft-tissue
height. Generally, the detected vertical mucosal height is within
the range of those reported in previous preclinical investigations
in dogs, in which junctional epithelial and underlying connec-
tive tissue height ranged from 1.64 to 2.35 mm and from 0.50 to
1.80 mm, respectively (Abrahamsson et al., 1996, 1999; Berglundh &
Lindhe, 1996, 1997). It is worth noting that a previous analysis of the
present data set revealed a significantly longer epithelial junction for
the implant sites in the S groups that underwent submerged postop-
erative healing, compared to those measured in the NS groups (i.e.,
non-submerged healing), thereby corroborating the observations of
prior studies of canine models (Abrahamsson et al., 1999; Hermann
et al., 2001). However, the opposing data indicated that healing pat-
tern did not affect vertical mucosal height (Weber et al., 1996). To
the authors’ best knowledge, these are the first data on the soft-tis-
sue dimensions at peri-implantitis sites following different surgical
treatment strategies.

Further analysis of horizontal soft-tissue dimensions revealed a

pattern of consistent hMT increases from the IS toward BC in both

treatment groups, which aligns with the results of a previous pre-
clinical study (Schwarz et al., 2016). Accordingly, the lowest mean
hMT values in all subgroups were assessed in the IS area (NS range:
0.31-0.35 mm; S range: 0.29-0.44 mm). In the VUS group, there was
a tendency of higher hMT values in S-VUS subgroup at IS compared
to the NS-VUS subgroup (0.44 mm versus 0.31 mm, respectively).
The highest measurements were registered in the BC region, with
a tendency toward slightly superior hMT dimensions in the S group
(NS range of mean values: 1.47-1.91 mm; S range: 1.51-2.10 mm).
In this context, it is worth noticing that the greatest mean hMT
increase in the apical direction was registered in the NS-VUS and
S-ERL subgroups (1.60 and 1.66 mm, respectively), which, based on
a previous analysis of the present data, showed the highest apical
extension of the inflammatory cell infiltrate (1.6 and 1.4 mm, re-
spectively), thus indicating that the extent of residual inflammatory
infiltrate might be associated with hMT (Schwarz et al., 2006). The
latter tendency may be at least in part supported by the former clin-
ical data, which demonstrated a significant increase in hMT in the
presence of peri-implant tissue inflammation, compared to healthy
implant sites (Schwarz et al., 2017).

When further considering horizontal hard tissue dimensions, the
general pattern indicated an increase in hBT in the apical direction

(i.e., toward the v3 reference point) in all treatment subgroups. Given
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the previously reported analysis of the present data set, an opposing
tendency to that noted for hMT could be observed for hBT, sug-
gesting that reduced apical extension of inflammatory cell infiltrate
tended to be associated with the greater mean hBT increase in the
apical direction leading to the higher hBT dimensions at the v3 refer-
ence point (Schwarz et al., 2006). In particular, in the NS group, the
most pronounced mean hBT increase and the highest hBT values
were registered for the ERL followed by PCM subgroups, which in
turn presented with the lowest inflammatory tissue extension api-
cally (NS-ERL: 0.9 mm; NS-PCM: 1.3 mm; NS-VUS: 1.6 mm) (Schwarz
etal., 2006). Likewise, in the S group, VUS subgroup showed the low-
est apical extension of inflammatory cell infiltrate (S-VUS: 1.0 mm;
S-ERL: 1.4 mm; S-PCM: 1.3 mm), which subsequently was associated
with the largest increase in mean hBT and the highest hBT values in
the v3 area (Schwarz et al., 2006).

Recent clinical data demonstrated that mucosal recession is not a
rare finding (31%) at implant sites affected by peri-implantitis (Obreja
etal., 2020). Furthermore, peri-implantitis therapy has been shown to
be frequently associated with soft-tissue recession (Heitz-Mayfield
etal., 2018; Matarasso et al., 2014; Romeo et al., 2007; Roos-Jansaker
et al., 2007). Corroborating the clinical data, the mean mucosal re-
cession in the present analysis measured at baseline (i.e., prior to
initiation of inflammation) and after the treatment in the NS group
ranged from 1.6 to 2.06 mm. In the S group, all implant sites were pri-
marily exposed during the healing phase, allowing for an assessment
of mucosal recession, which mean values ranged between 0.38 and
1.10 mm. In this context, however, it was impossible to determine the
extent to which the recession in the NS group related to the occur-
rence of tissue inflammation and the extent to which it was a con-
sequence of the treatment. Moreover, due to the different healing
patterns (i.e., submerged versus. non-submerged), it was not feasible
to compare mucosal recession values between NS and S groups.

Upon the results of the present analysis, the method of implant
surface decontamination seemed to have an impact on horizontal
soft- and hard-tissue dimensions. When interpreting the aforemen-
tioned findings, it is important to remark that, in the clinical setting,
NS treatment irrespective of the decontamination protocol showed
limited efficacy (Schwarz et al., 2015). Surgical approaches, by con-
trast, have demonstrated superiority in arresting peri-implantitis
progression without prioritizing any particular implant surface de-
contamination method (Koo et al., 2019; Schwarz et al., 2015). The
clinical relevance of different decontamination protocols on tissue
dimensional changes needs to be further elaborated.

The present analysis represents secondary outcomes of the pre-
vious study, in which the original protocol was aimed primarily at
assessing the effectiveness of different treatment approaches for ex-
perimentally induced peri-implantitis lesions. Therefore, hypothesis
testing was not feasible and only descriptive analyses were applied.
Furthermore, comparing the different healing patterns (i.e.,, sub-
merged and non-submerged) may, to some extent, have influenced
the outcomes of the analysis. Nonetheless, during the healing phase,
all implant sites in the submerged healing group were exposed, which

makes the results comparable between the S and NS groups. Finally,
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it is worth noting that one recent experimental analysis demonstrated
that implant macrodesign affected the bone-loss rates following the
peri-implantitis induction phase, favoring bone-level implants with
a platform-switching design over regular neck tissue-level implants
(Sanz-Esporrin et al., 2020). Therefore, one might speculate that the im-
plant design used in the present analysis (i.e., tissue-level narrow-neck
implants) might have affected the extent of peri-implantitis lesions and
subsequently the treatment outcomes, at least to some certain extent.

Within its limitations, the present analysis has pointed to a ten-
dency toward similar vertical and horizontal peri-implant tissue di-

mensions in different treatment groups and subgroups.
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