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- Abstract —

Influence of untreated periodontitis on
osseointegration of dental implants in a

beagle dog model

DaeHyun Lee

Program in Periodontology, Department of Dental Science Graduate School,
Seoul National University

(Directed by Professor Young Ku, D.D.S., Ph. D.)

Background: There have been previous studies on the relationship between periodontitis
and periimplantitis, but limited information is available on how periodontitis affects
osseointegration and wound healing of newly placed dental implants adjacent to natural
teeth. The objective of the present experiment was to evaluate healing around dental

implants adjacent to teeth with untreated experimental periodontitis.

Methods: The experiment included 6 male beagle dogs. Scaling and plaque control

procedures were performed in 3 dogs (the control group). In the other 3 dogs (the



experimental group), retraction cords and ligature wires were placed subgingivally around
all premolars and the first molars. Induced experimental periodontitis was confirmed after 3
months. Each control or experimental group was divided into 2 subgroups depending on the
timing of implant placement (immediate/delayed). Twelve dental implants (2 implants for
each dog) were placed immediately and the other 12 dental implants (2 implants for each
dog) were placed two months after extraction. The animals were sacrificed 2 months after

implant placement. Histological and histometric analysis were performed.

Results: Four implants (3 from immediate and 1 from delayed placement) failed in the
experimental group. There were significant differences in the percentage of bone-to-implant
contact and marginal bone volume density between the control and the experimental groups.
Both parameters were significantly lower in the experimental group than in the control
group (P<0.05). There was a tendency toward more marginal bone loss in the experimental

group than the control group.

Conclusion: Immediately placed implants have a higher failure rate than delayed placed
implants. Untreated experimental periodontitis was correlated with a compromised osseo-

integration in delayed placed implants.
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Introduction

During the last 30 years, dental implants have become a commonly used
alternative to conventional partial dentures and fixed bridges.'? Although the
success rate of implant treatment is high in general, still the implant failure
remains an issue.'* Implant failures types are divided into early and late,
corresponding to before and after the development of osseointegration,
respectively. Early failures are frequently associated with problems during
surgical procedures and the initial healing phase.”” Remaining soft tissue
between the implant and bone, contamination of the implant surface, excessive
surgical trauma with impaired healing potential, and overloading before the
occurrence of osseointegration are all possible causes of these failures.
However, the reported incidence of early failure is relatively low, ranging from
0.55 to 1.5%.° Late failures are usually related with problems during
restorative procedures or the maintenance phase.*® Late failures mainly result
from breakdown of peri-implant alveolar bone (peri-implantitis) due to an

imbalanced host response to infection.

Peri-implantitis is a clinical term describing a ‘pathologic process’

affecting the surrounding tissue around an osseointegrated implant in



function.'*!?

The consensus report from the European Workshop on
Periodontology defined the term peri-implantitis as a clinical diagnosis that
requires the assessment of inflammation in the peri-implant tissue as well loss
of supporting bone."? As the number of patients treated with dental implants

increases, the incidence of peri-implantitis will also increase, causing a

significant future problem in health care.

DeBoever & DeBoever reported that following implant insertions in
patients with residual dentition, the surfaces of implants were colonized by the
same bacteria present on the surfaces of the remaining teeth.'* Consequently, it
has been debated whether a history of periodontitis in patients restored with

dental implant increases the risk of peri-implantitis complications.

A recent retrospective study demonstrated that early failure was associated
with a history of severe periodontal disease.'” Peri-implant disease shares
various risk factors with periodontitis and also has a similar pathologic
mechanism.'® Although some investigators have reported favorable implant

survival rates in periodontally compromised patients,'”'®

previous reviews
have showed strong evidence that poor oral hygiene and a history of
periodontitis are risk factors for peri-implant disease.'”° A history of chronic

periodontitis was correlated with higher failure rates, greater marginal bone

loss, and more biological complications in dental implants.***' However, these



studies focused on the history of periodontitis, not on active periodontitis, and
on long-term prognosis, not on early wound healing around dental implants or

osseointegration.

Immediate implant placement was first introduced by Schulte & Heimke.*
Later histologic studies confirmed that it was a successful procedure.”** A
retrospective clinical study demonstrated that the procedure did not affect the
long-term survival rate of dental implants.”> Immediate placement has since
become a routine procedure, but it is contraindicated at infected sites with
periapical and periodontal lesions.”**® On the other hand, in animal studies,
successful osseointegration of immediately placed implants have been

reported at sites with periapical lesions?’ and periodontal lesions.*°
p pernap p

Bacterial colonization at newly placed implants occurs rapidly. The
concept that microorganisms are indispensable for the development of
infections around dental implants is well supported by the many studies.’'**
The microorganisms associated with peri-implantitis are reported as being
similar to that associated with periodontitis and it has been suggested that

periodontal pockets of remaining teeth may act as a reservoir for

microorganisms to colonize newly placed implants.*

In partially edentulous patients, oral ecological conditions influencing the

biofilm on the surface of dental implants might vary from those in fully



edentulous patients.” Thus, gingivitis or periodontitis of the residual dentition
could have an effect on peri-implant tissue health. Periodontal treatment of the
residual dentition was recommended prior to implant surgery as a routine part

of treatment planning.***’

Currently, limited information is available
concerning how untreated periodontitis of the residual dentition affects wound
healing around dental implants. Therefore, the primary purpose of the present
experiment was to study healing around dental implants adjacent to teeth with
untreated experimental periodontitis. The second purpose was to compare how

immediately placed implants and implants placed on the healed ridge are

affected by remaining periodontitis.



Materials and Methods

Four groups were divided according to presence of periodontitis adjacent

to the edentulous area and the timing of implant placement. The groups were

named the EI, ED, CI, and CD groups (Table 1):

l)experimental periodontitis/immediate placement (EI); 2)experimental
periodontitis/delayed placement (ED); 3)control/immediate placement (CI);

4)control/ delayed placement (CD)

Animals

This study was approved by the Seoul National University Institutional
Animal Care and Use Committee at Seoul National University, Seoul, Korea

(SNU-130806-4-1).

Six male beagle dogs, 1-2 years old and weighing 10—12 kg, were used in
this study. All of the dogs had fully erupted permanent dentition. During the

experiment, the dogs were housed individually under ambient temperatures of

20-2511, relative humidity of 30-70%, and were fed a soft diet. All clinical

and surgical procedures were performed under general anesthesia with

intravenous sodium pentobarbital (30 mg/kg)’. Local anesthesia was also



provided using 2% lidocaine hydrochloride with 1:100,000 epinephrine* at the

surgical sites.

Experimental periodontitis

Experimental periodontitis was induced as follows. Using ligature wires
and retraction cords, experimental periodontitis was induced in 3 beagle dogs
in the experimental group. Retraction cords were soaked in a suspension of
Porphyromonas gingivalis ATCC 33277 and wound around the ligature wires.
Wires were tied to the cervical area of the mandibular first and third premolars
(P, P;) and first molars (M;). The wires and retraction cords were checked
routinely, and all remained in the position. After 3 months, experimental
periodontitis was induced (Fig. 1B) and alveolar bone loss was identified via
periapical radiography (Fig. 1D). Approximately 1-2 mm of alveolar bone loss
was observed at the interproximal area in the radiographs. Clinical attachment
loss was 1-3 mm at the buccal and lingual area with or without furcation
involvement. Inflamed gingiva and supra/subgingival calculus were also found
in the clinical examination. Increased mobility of teeth was not observed. In
the other 3 dogs (the control group), scaling and plaque control procedures
were performed once a month to prevent gingival inflammation. The healthy

condition of the periodontium was confirmed clinically (Fig. 1A) and



radiographically (Fig. 1C).

Surgical procedure

All of the procedures followed the study design and experimental process
(Fig. 2). In the delayed implant placement groups (ED, CD), mandibular
second premolars and fourth premolars were extracted at baseline. The teeth
were sectioned in the buccolingual direction at the bifurcation area using a
high-speed handpiece and a diamond point so that the roots could be
individually extracted without damaging the bony walls. After 2 months of

healing, 12 dental implants were installed in the ED and CD groups.

In the immediate placement groups (EI, CI), the same extraction procedures
were performed 2 months from baseline. Twelve dental implants were placed
immediately after extraction. The mesiodistal position of the immediately-placed
implants was the center of the extraction socket of the distal roots of the second
premolar (P2) and the mesial roots of the fourth premolar (P4). The platform for the
implants was positioned at the level of the buccal bone crest (Fig. 3). In the
experimental group, the ligatures were removed after implant installation. The
fixtures used in the present study had a diameter of 3.4 mm, a length of 10 mm and

had been sandblasted with large grit and acid etched with Ra 1.2 pm®. The animals



were sacrificed 2 months after implant installation, 4 months from baseline.

Histological examination and histometric analysis

On the scheduled date, the animals were anesthetized and humanely
euthanized. The mandible was surgically removed from each animal. Twenty-
four tissue blocks, each containing one implant and the surrounding tissue,
were prepared. Specimens were immediately placed in 10% neutral-buffered
formalin for 48 hours. After tissue fixation, the tissue blocks were trimmed to
a suitable size and then undecalcified and embedded in polymethyl-
methacrylate. Each block was sectioned parallel to the implant axis. Sections
were ground to approximately 50 um in thickness with a microgrinding unit.
Two sections near the center of the fixture were used for histometric analysis
of each implant. One section was stained with hematoxylin-eosin and the other

was stained with Masson-Goldner trichrome for detailed analysis of new bone.

Using an optical microscope, histological analysis was conducted at x12

magnification. At x40 magnification, the images of the slides captured by a

digital camera were used for histometric analysis.

The data obtained from the buccal and lingual sides of each implant were



as follows: (1) the percentage of bone-to-implant contact (BIC %) from the
first bone-to-implant contact point (fBIC) to the bottom of the implant; (2) the
percentage of mineralized tissue around the implant in region of coronal 3 mm;
(3) marginal bone loss (IS-fBIC, mm) from the implant shoulder (IS) to the
most coronal bone-to-implant level (fBIC); (4) reduced ridge height (IS-RC,

mm) from the implant shoulder (IS) to the alveolar ridge crest (RC) (Fig. 4A).

The BIC and dimensions of alveolar bone loss (IS-fBIC, IS-RC) was

measured with the aid of an image processing program.

The percentage of mineralized tissue was evaluated near the implant
surface, in the region of interest between the pitch of the threads (Fig. 4B).*®
Only the marginal 3 mm was used to investigate the quality of marginal bone.
Each slide was painted using software’. The number of pixels corresponding

. . . . . . kk
to mineralized and non-mineralized tissue was counted using software .

Statistical analysis

For each group, mean values and standard deviation (SD) were calculated,
and descriptive analysis was performed with software'". For the present study,
six implants were used in each group. The Mann-Whitney U test was chosen

to analyze differences between groups because a normal distribution could not



be assumed in this sample size. The results of all comparisons were reported at

the 0.05 significance level.
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Results

Clinical findings

All surgical sites in the control group showed uneventful healing without
significant signs of inflammation, while 4 (3 from the immediate, 1 from the
delayed implant placement group) of 12 implants in the experimental group

failed without osseointegration at different time points after implant placement.
Histological analysis

Immediate implant placement groups [EI (Fig 5D), CI (Fig5C)] showed
greater marginal bone loss than the corresponding delayed groups [ED (Fig
5B), CD (Fig 5A)]. In the immediate placement groups (EI, CI), the bone-to-
implant contact did not seem as close as that of the delayed implant placement
groups (ED, CD). In the EI group, marginal bone loss extending to the second
macro-thread was found on the buccal and lingual side. Even in the CI group
marginal bone loss extending to the end of the micro-thread was apparent
when compared with the CD group. An irregular cortical bone surface was
mainly observed in the EI group, but was also found partly on the buccal side

of the CI group.

The delayed placement group (ED, CD) showed generally well-healed

alveolar bone around the dental implant, and did not show any severe

11 7



horizontal or vertical marginal bone loss. Cortical bone was well rounded and
contacted implant surface without any irregularities. A higher percentage of
bone-to-implant contact was found compared to the experimental groups (EI,

ED) with periodontitis.

Histometric analysis

The percentage of bone-to-implant contact (BIC) around the whole length
of the implants is shown in Table 1. The mean BIC was significantly higher at
75.4£8.3% in the CD group compared to 49.9£17.3% in the ED group

(»<0.05).

Marginal bone volume density (BVD), the percentage of mineralized
tissue, was calculated as shown in Table 1. Due to the three failed implants in
the EI group and some artifacts in the slides of the EI group, data for BVD of
the EI group were insufficient for statistical analysis. The BVD of the CD
group was significantly greater than that of the ED group on the buccal side
(88+£7% vs. 55£9%, respectively; p<0.05, Table 1). The marginal bone volume
density of the CD group on the lingual side was also higher than that of the
ED group (68+31% vs. 45+7%, respectively; Table 1), but this difference did

not reach statistical significance.

With the exception of the lingual side of the delayed placement groups

12



(CD, ED), there was a tendency toward greater bone loss in the experimental
periodontitis groups (ED, EI) compared to the corresponding control groups
(CD, CI). Immediate placement groups (CI, EI) also had a tendency toward
greater bone loss than the corresponding delayed placement groups (CD, ED).
Only IS-fBIC on the lingual side in the delayed placement groups showed
statistical significance (p<0.05); the other differences were not statistically

significant (Table 1).
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Discussion

An unexpectedly high failure rate (33.3%) was found in the experimental
group (ED, EI), while none of implants in the control group (CD, CI) failed.
These data could not be analyzed statistically because there was no failure in
the control group. However, it is likely that the early failures were affected by
periodontitis in the adjacent area considering the reported incidence of early

implant failure.®’

Obvious differences exist between chronic and experimentally induced
periodontitis, including but not limited to differences in the time required to
induce periodontitis, causative factors, and clinical aspects.37 However, the
natural periodontitis of dogs produces inconsistent periodontal lesions with an
uneven extent and localization of periodontal inflammation. Therefore, an
experimental periodontitis model was proposed to standardize the defects even

if there is difference between chronic and experimentally induced periodontitis.

Immediate placement of implants is not recommended in the presence of
chronic infections such as periapical lesions and periodontal disease,”’ but a
series of histologic studies also showed that successful osseointegration could
occur at infected sites.”’~%**? In contrast, implants in the EI group showed a

higher failure rate than those in the ED group in the present study.

14



Mean BIC varied from 49.9 to 75.4% in accordance with previous
studies.**”**? Implants in the CD group had significantly greater BIC than
those in the ED group, respectively. Data from the EI group could not be used
for this analysis due to the unexpected failure of 3 implants. This result can be
interpreted in the same context as the failure rate. Remaining periodontal
infection could affect the osseointegration of implants in the adjacent area.
Between the CD and CI and between the ED and EI groups, mean BIC was

not significantly different.

All measurements were performed on bucco-lingually. Although
sectioning in a mesio-distal direction may have provided better outcomes,
sectioning the center of 2 implants with adjacent teeth proved very difficult.
With regard to radiographic measurements, analysis was restricted to
confirming that experimental periodontitis had been induced. The present

study relied more on histologic and histometric analyses.

Mean marginal bone volume density was also higher around the implants
of the control groups compared to the experimental groups. In addition, there
was a tendency toward greater marginal bone loss in the experimental groups,
although this difference did not reach statistical significance. It seemed that
experimental periodontitis affected the quality of the marginal bone and

marginal bone loss. There was also a tendency toward greater bone loss in the

15



CI and EI groups compared to the CD and ED groups, respectively. In this
experiment, the implant platform was positioned at the level of the buccal
bone crest in all groups. Ridge alteration after extraction might have occurred
before implantation in the delayed placement groups, while it began after
implant placement in the immediate placement groups. Therefore, marginal
bone loss could be exaggerated in the immediate placement groups. In this
study, the bucco-lingual position of the implant could not be standardized; the
width of the buccal bone and the gap between the implant surface and the
buccal wall could not be controlled either. These factors might have affected

buccal bone loss.

One possible explanation for implant failure in the ED and EI groups was
contamination of the implant surface. Meticulous debridement of the
extraction sockets was performed before preparing the implant bed, but some
sources of infection still remained, including biofilm and periodontal lesions
on the adjacent natural teeth. Without periodontal treatment, saline irrigation
during drilling could transport pathogens to the implant surface.

29303839 with designs similar to the present study

A number of studies
reported successful osseointegration at infected sites in dogs. The investigators,

however, extracted all premolars on which periodontitis was induced prior to

implantation. In the present study, teeth adjacent to the implants remained in

16



place, with unresolved tissue inflammation and pre-surgical antibiotics were
not provided; this could explain why our results differ from those of previous

studies.

Initial discussion with IRB forecasted the chosen sample size to be large
enough to be able to conduct statistical analyses and draw sound conclusions
based on previous studies with similar experimental designs. However,
unexpected implant failure occurred in experimental group, it becomes
difficult to extrapolate the results obtained to have any significance. It was not
anticipated because there was not any previous study with untreated
experimental periodontitis as we tried in the present study. It can be assumed
that this failure was also influenced either directly or indirectly by the
presence of experimental periodontitis. Using the present investigation as a
pilot study, further research into the relationship between osseointegration of
dental implants and existing periodontitis using a greater sample size is

required.

Within the limitations of this study, it was found that early wound healing
or osseointegration around dental implants could be disturbed by induced
periodontitis in adjacent teeth. Immediate implant placement led to a greater
risk of this than delayed implant placement. Thus, periodontal inflammation of

the remaining dentition should be resolved prior to implant placement. In the

17



present study, we confirmed the importance of the periodontal condition of

adjacent teeth and the timing of implant placement.

Conclusion

Immediately placed implants have a higher failure rate than delayed placed
implants. Untreated experimental periodontitis was correlated with a

compromised osseointegration in delayed placed implants.
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Figure 1. Clinical photos and radiographs taken before and after induction of experimental

periodontitis. Healthy periodontal tissue (A) became inflamed (B) due to subgingivally-
placed wires wound with ligature soaked in Porphyromonas gingivalis. Periapical
radiographs of the site confirmed the presence of healthy periodontal tissue (C) and

experimental periodontitis (D).
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The Experimental Groups

Sacrifice
Indycing N Ext. for EI, immediate placement
periodontitis Ext. for ED Delayed placement for ED
LMo L awe [ Mo |
Scaling I I
Plaguescantrol Ext. for CD Delayed placement for CD
Ext. for CI, immediate placement

The Control Groups

Figure 2. Description of the experimental process. Experimental subgroups: EI (n=6),
experimental periodontitis + immediate implant placement after extraction; ED (n=6),
experimental periodontitis + delayed implant placement 2 months after extraction; Control
subgroups: CI (n=6), healthy periodontium + immediate implant placement; CD (n=6),
healthy periodontium + delayed implant placement 2 months after extraction. In the
experimental group (EI, ED), it took 3 months to induce periodontitis. In the control group
(CL CD), scaling and plaque control procedures were performed once a month for 3 months.

All animals were sacrificed 2 months after implant placement.
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Figure 3. Clinical photos of immediate implant placement (A) and implant placement 2

months after extraction (B). Corresponding periapical radiographs of immediate implant

placement (C) and implant placement 2 months after extraction (D).
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Figure 4. Histometric data. Implant shoulder (IS), ridge crest (RC), and the most coronal

bone-to-implant contact (fBIC) were chosen as references for marginal bone loss (A) (x12
magnification). The area between implant threads and the reproduced mirror area were

selected as areas of interest (B) (x40 magnification).
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Figure 5. Representative microscopic images of the CD group (A), ED group (B), CI group

(C), and EI group (D). The scale bar is 0.5 mm in length (x12 magnification).

Immediate placement groups(Fig. 5C, 5D) showed greater marginal bone loss than the
delayed groups(Fig. 5A, 5B). In the EI groups (Fig. 5D), marginal bone loss extending to

the second macrothread was found on the buccal and lingual sides.

A higher percentage of BIC in control groups(Fig. 5A, 5C) was found compared with

experimental groups(Fig. 5B, 5D) with periodontitis.
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Tablel. Bone-to-implant contact ratio and marginal bone volume density

Group
CD (n=6) ED (n=5) CI (n=06) EI (n=3)
BIC (%) 75.4+8.3% 49.9+17.3% 72.2+12.2 63.0+10.4
Marginal bone volume density (%)
Buccal 887 5549+ 6718 42
Lingual 68+31 45+7 76+£23 21
Marginal bone level (mm)
IS-fBIC
Buccal 2.02+1.01 3.11+£0.89 2.24+0.49 3.59+2.00
Lingual 1.20£0.41% 3.20+1.13% 1.67+£0.45 3.45+2.43
IS-RC
Buccal 1.90+0.93 2.59+0.99 2.22+0.53 3.39+1.69
Lingual 0.79+0.44 0.40+1.20 1.55+0.60 2.19+0.77

Statistical analysis was performed using Mann-Whitney U test.

*, T, and § indicate statistical significance (p<0.05).

The mean BIC was significantly higher in the CD group compared with in the ED group
(»<0.05). The BVD of the CD group was significantly greater than that of the ED group on
the buccal side. The marginal BVD of the CD group on the lingual side was also higher

than that of the ED group, but this difference did not reach statistical significance.
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