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ABSTRACT
Purpose: The purpose of this study is to evaluate implants placed at different times of bone augmentation.

Materials and Methods: Four implants were placed in seven dogs: one at a 6-month bovine mineral grafted site (6-month
Bio-Oss® grafted site [6mBio]), one at a grafted membrane-protected simultaneously augmented (Fresh Bio-Oss® grafted
site [FrBio]) site, one at a clotted (nongrafted clotted membrane-protected site [Clot]) membrane-protected site, and one
at a pristine (nongrafted uncovered site [Cont]) site. Implants were exposed after 6 months. The same protocol was
repeated on the contralateral side, at a delay of 8 months. Peri-implant care was performed throughout the hygienic phase
(2 and 10 months, respectively) every 48 to 72 hours. Probing depth and bleeding on probing were recorded. Implant
stability was determined by a Periotest® (Medizintechnik Gulden, Modautal, Germany). Statistical analysis was conducted
using analysis of variance with repeated measures.

Results: Average probing depth at the simultaneously grafted sites was 2.21 mm and 2.03 mm at 8 and 16 months,
respectively. At the 6-month grafted sites, it was 1.96 mm and 1.57 mm. At the Clot sites, it was 2.68 mm and 2.07 mm, and
2.21 mm and 1.82 mm at the Cont sites, respectively. The average bleeding on probing was 0.50 and 0.42 at the FrBio sites,
and 0.35 and 0.07 at the 6mBio sites during the respective periods. At the Clot sites, it was 0.50 and 0.28, and at the Cont
sites, 0.43 and 0.21, respectively. Probing depth significantly reduced over the time at 6mBio, Clot, and Cont sites (p <.03).
Average implant stability score at the FrBio sites was —0.24 and —0.27, and —0.50 and —0.46 at the 6mBio sites, at 8 and
16 months, respectively. At the Clot sites, it was —0.35 and —0.46. Cont sites averaged —0.37 at both periods. Implant stability
was significantly higher (p <.005) comparing 6mBio over FrBio, 6mBio over Cont, and Clot over FrBio sites.

Conclusions: Immediate and delayed augmentations are safe modes. Probing depth and bleeding indices gradually
improved along time. Implant stability was higher at the delayed mode.
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success rate and long-term function.”>"™"* It has also
been claimed that obtaining initial stability of the
implant is a prerequisite to successful osseointegration
no matter what technique is applied.'>">™"

Numerous biomaterials, including allogenic,
alloplastic, or xenographic origins, may predictably be
used as the bio-filler in GBR procedures. However, the
dilemma of the influence of the timing of augmenta-
tion on implant’s osseointegration and success rates in
regard to a distinguishable observation on clinical soft
and hard tissue peri-implant parameters has still not
been validated in standardized sites.

Soft tissue condition and implant stability are the
principal tools in evaluating healing and function. Most
researchers and clinicians have used probing depth
(PD), bleeding on probing, and implant stability as
the main parameters to assess and monitor success or
failure."” Despite the amenable healing response
performing implant placement and augmenting bone
simultaneously or in a 2-stage mode, it is of great inter-
est to clinically follow-up implants using both tech-
niques using such parameters.

This study aimed to compare the peri-implant soft
tissue conditions and implant stability in simulated
implant placement and bone augmentation as a com-
bined or staged procedure at 8 and 16 months postim-

plant placement.

MATERIAL AND METHODS

The study was approved by the Institutional Animal
Care and Use Committee at the Tel Aviv University. The
study was carried out on seven adult male beagle dogs,
weighing on average 17.6 kg (ranging 15.6-19.3 kg).
Animals were housed individually at the Tel Aviv Uni-
versity Animal Institute and were kept on commercial
diet and water ad libitum. Following each surgical pro-
cedure, soft diet was administered for 2 weeks.

Study Design

The time frame (Figure 1) was kept carefully in accor-
dance to obtain minimal morbidity from the partici-
pated animals. At day 0, fourth premolar (P4) and first
molar (M1) were extracted (Figure 1, point a) to obtain
an edentulous span of approximately 33—35 mm mesio-
distally, and natural healing was allowed to occur. At
1 month, one rectangular defect was prepared as the first
augmentation phase (Figure 1, point b). At 5 months,
second premolar (P2) and third premolar (P3) were
extracted (Figure 1, point ¢), thus establishing an eden-
tulous span of approximately 60 mm (including the pre-
vious distal area). One month later (at 6 months), two
additional defects were prepared for the second aug-
mentation phase (at one of newly performed sites)
concurrent with four implant placement procedures
(Figure 1, point d). The exposure phase took place at
6 months postimplant placement (Figure 1, point e).
Thereafter, the hygienic phase was commenced for
10 months.

An identical protocol was repeated on the contralat-
eral side, however, at a delay of 8 months.

Consequently, the contralateral hygienic phase
lasted 2 months.

Surgical Phases

All surgical procedures were performed under general
anesthesia, achieved by presedation with 1.5 cc (20 mg)
2% xylazine base intramuscular (IM), followed by an
intravenous (IV) injection of ketamine (Clorketamin®
1000, Vetoquinol, Fort Worth, TX, USA), 5 mg/kg
+ xylazine base (XYL — M 2, Veterinary), 1 mg/kg.
Buccal and lingual local infiltration of lidocaine
hydrochloride 2% with norepinephrine (1:100,000)
on the vestibular mandibular area was administered
for hemostasis and in order to reduce postoperative
pain.
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Figure 1 The time line (m — month/second) flowchart on both sides. Point a — extractions of P4 and M1; b — the first augmentation
phase; ¢ — extractions of P2 and P3; d — the implant placement, concurrent with the second augmentation phase; e — the exposure
phase; f — the day of the euthanizing procedure.M1 = first molar; P2 = second premolar; P3 = third premolar; P4 = fourth premolar.



Figure 2 A, At 1 month postextraction of P4 and M1, a
rectangular four-wall intrabony defect (11 mm M-D, X 5 mm
B-L, X 7 mm depth) was established. B, The rectangular surgical
simulated defect was filled with bovine bone mineral particles.
C, The grafted defect was covered by an absorbable dual-layer
collagen membrane. M1 = first molar; P4 = fourth premolar.

The roots of the right mandibular P4 and M1 teeth
were separated and carefully removed using periotomes
and elevators. One month post healing, after complete
soft tissue closure over the extraction sites, the edentu-
lous area was exposed by a mid-crestal incision, using a
No.15¢ type blade. A rectangular 4-wall intrabony defect
measuring 11 mm mesial-distal, 5 mm buco-lingual,
and 7 mm deep was established at either the anterior or
posterior previous extraction sites (Figure 2A) using
the technique described by Berglundh & Lindhe.** The
defect was filled with bovine bone mineral particles
(BBM; Geistlich Bio-Oss®, Geistlich Pharma AG, Wol-
husen, Switzerland) (Figure 2B), followed by a bilayered
collagen membrane (Geistlich Bio-Gide®) coverage
(Figure 2C). The augmented site was covered by coro-
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nally advanced mucosal flaps to achieve primary soft
tissue closure, using a 4-0 polyamide monofilament
nonabsorbable suture (Ethilon®, Ethicon®, Johnson &
Johnson, Somerville, NJ, USA). Postoperatively, surgical
sites were swabbed every 48-72 hours with 0.2% chlo-
rhexidine. Antibiotic coverage was continued for the
first 10 days postsurgery.

At 5 months, the P2 and P3 were removed on the
same mandibular side, with a similar procedure as
described, and thus, establishing a 55 to 60-m-long eden-
tulous site. At 6 months, the mandibular edentulous
ridge (P2 — M1), was exposed, and two additional intra-
bony defects were created at the P2—P3 extraction healed
site (Figure 3, A and B).

Four dual acid-etched surface implants (Osseotite®,
Biomet 3i, Palm Beach Gardens, FL, USA) 3.25 mm
(D) x 10 mm (L) were placed; one at the 6-month aug-
mented site (P4/M1), two at the freshly created 4-wall
surgical defects, and one at a pristine healed site. The
implants in the fresh intrabony defects engaged neither
the buccal nor the lingual bony walls and were stabilized
at their apical 3 mm end only. All implant necks were
placed at the level of the osseous crestal rim, whether at
the current created defects or flush with the housing
bone. Thereafter, one of the newly made defects was
filled with BBM particles, while the other one was
left untreated and spontaneously filled with blood
(Figure 3C). Both implants/defects were then covered
by a collagen membrane (Figure 3D). Subsequently,
advanced gingival flaps were coronally positioned to
achieve full soft tissue closure using interrupted 4-0
polyamide monofilament sutures (Figure 3E). Thus,
four different sites were established differing in the
peri-implant tissue: (i) implant placed concurrent with
bovine mineral particles — a fresh BBM site (Fresh
Bio-Oss® grafted site [FrBio]); (ii) implant placed in a
blood clot-filled defect (nongrafted clotted membrane-
protected site [Clot]); (iii) implant placed in a 6-month
BBM remodeled site (6-month Bio-Oss® grafted site
[6mBio]); and (iv) implant placed in a postextraction
healed site (nongrafted uncovered site [Cont]). Inter-
implant distance was at least 10 mm in order to enable
future mesio-distal section cuts. An advancing coronal
positioned flap from buccal and lingual aspects ensured
nontensional soft tissue closure, using the horizontal
internal mattress suture. Six months after implant place-
ment (12 months after the first augmentation), implants
were exposed (Figure 4A), and implant healing screws
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Figure 3 A, At 6-month postsurgical phase 1 and 1-month postextraction of P2 and P3, two additional similar intrabony defects
were performed. Note the preparation of the apical portion of the implant site at the floor of the defects. B, Implant site preparation
at the surgically created rectangular defects. Note the mesio-distal distance to the bony wall defects. C, Four implants were placed,
followed by the filling of one of the defects with BBM particles (FrBio), while the other one was left to be filled with blood (Clot).
The other two were placed at the 6-month augmented site (6mBio) and at the pristine one (Cont). Implant stability was achieved at
the 3 mm apical end. D, An absorbable collagen membrane was applied over the newly established surgical defects, thus covering the
fresh grafted and nongrafted implant sites. E, Coronally advanced positioned flaps were established to ensure full nontensional soft
tissue healing. 6mBio = 6-month Bio-Oss® grafted site; BBM = bovine bone mineral; Clot = nongrafted clotted membrane-protected
site; Cont = nongrafted uncovered site; FrBio = Fresh Bio-Oss® grafted site; P2 = second premolars; P3 = third premolars.

(4 mm high) were connected, protruding approximately
2 mm above the surrounding soft tissue (Figure 4B).
The same surgical protocol with identical timing of
augmentation and implant placement procedures was
repeated on the contralateral side of the mandible,
however, at a delay of 8 months.

The Hygienic Phase

Implant superstructure healing screws were maintained
by brushing periodically three times a week. Clinical
examination was performed during checkups in 2-week

intervals and under premedication only. Measurements
were taken up to the day of euthanizing, at 8 and
16 months postimplant placement, respectively. For
credibility and reproducibility, all clinical measurements
were recorded twice by two different examiners (ZA
and AK), while the identification of the experimental
site was masked. PD* was recorded on the mesial, mid-
buccal, distal, and corresponding lingual sites by using a
periodontal probe (University of North Carolina peri-
odontal probe). In order to achieve accuracy and since a
reference point such as the cemento-enamel junction
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Figure 4 A, The implant exposure phase at 6 months
postimplant placement. B, The implant healing screws during
the hygienic maintenance phase.

does not exist, a measurement of the height of the

exposed implant superstructure screw was also
recorded, respectively. Bleeding on probing (BOP) was
determined according to the modification of Mombelli
etal.”® from Herald Loe” in natural dentition to be
adapted around functional implants, with a ranking of
0-3 (no, pin-point, linear, profuse bleeding). The
mucosal marginal level in relation to the implant super-
structure screws, which were used to observe any
changes and/or events of marginal soft tissue recessions,
as well as keratinized mucosal (KM) width (height),
were measured with the aid of the periodontal probe.
These were recorded on the buccal (Keratinized mucosa
— Buccal [KMB]) and lingual (Keratinized mucosa —
Lingual [KML]) aspects of each implant. Implant
stability was determined by a Periotest® (PT) device
(Medizintechnik Gulden, Modautal, Germany).

The PT device, which its hand piece is placed hori-
zontally and perpendicular in proximity (1-2 mm) to
the implant emergence superstructure part, is a tapping
device that measures the braking point when tapping
the implant superstructure rigid connected surface.”
Its scales ranging from —0.8 as the highest stability
value to +0.9 as a least stable nonmobile element. Nega-
tive PT values (PT < 0), indicated well-osseointegrated
implants.

Radiographs were performed from the sectioned
blocks on the day of the euthanizing processing. Each
block lay on an occlusal film, and an orthoradial angle
was obtained.
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Statistical Analysis

There were four different experimental sites in this
study, each examined at two time points, one on each
side, 8 and 16 months postimplant placement. The dis-
tribution is normal. Means and standard deviations
were calculated for each of the measured parameters,
and the differences between mean values were analyzed
by analysis of variance with repeated measures, two
within factors: (i) site and (ii) time. A statistical signifi-
cance was identified at p <.05.

RESULTS

In both the surgical augmentation and implant place-
ment phases, soft tissue healing was immaculate. One
dog developed a swelling after the second augmenta-
tion phase; however, an additional period of antibiotic
administration solved the event with no recurrence.
The establishment of buccal and lingual advancing
coronal positioned flaps, which obtained a resilient
soft tissue closure with the horizontal internal
mattress suturing, ensured no spontaneous exposure.
Animals showed no sign of mastication distress.
Wherever needed rarely loosened superstructures were
retightened during soft tissue maintenance (every
48-72 hours).

Clinically, all implants were integrated with the
surrounding tissues. At 1 month postimplant cover
screw exposure phase, soft tissue healing was estab-
lished, concurrent with professional plaque control.
The marginal masticatory mucosa was maintained and
found to be stable/preserved around the implant
superstructures, with imperceivable recession. Radio-
graphically, implants were surrounded by radiopaque
tissue with no signs of peri-implant radiolucency.
Crestal bone level location was maintained at the
implant neck or at the roughed surface flat neck
coronal to the first thread of the implant body in
most sites (Figure 5). Thus, a slight crestal bone
resorption was evident, however, to the less than
1.5 mm (the distance of the implant neck to the first
thread).

Keratinized mucosal height (KM) at the labial and
lingual aspect of the implant superstructures, ranged
from 0 up to 8 mm, irrespective of the experimental
type site. Since all other statistical examinations between
KML and KMB to the other clinical parameters in any of
the different sites and at both observation periods were
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Figure 5 Radiographically, crestal bone level is maintained
around the implant necks.

meaningless and unrelated, they were discarded from
the summarized table scheme.

Fresh BBM (FrBio) versus 6-Month-Old
Remodeled BBM Site (6mBio)

The average PD at the FrBio sites was 2.21 mm % 0.79
standard deviation (SD) at 8-month observation period
and 2.03 mm % 0.66 SD at 16 months (Table 1). At the
6mBio sites, the average PD was 1.96 mm * 0.36 SD and
1.57 mm = 0.37 SD, respectively. The average BOP was
0.50+0.92 SD and 0.42 £ 0.44 at the FrBio sites, and
0.35%0.55 SD and 0.07 £0.18 SD at the 6mBio sites
during the respective periods. No statistically significant
differences were found.

PT recording at the FrBio sites averaged
—0.24%0.12 SD and —0.27 £0.09 at 8 and 16 months,
respectively. At the 6mBio sites, the average PT score
was —0.50 = 0.08 and —0.46 £ 0.07 during the respective
observation periods. The stability of the implants at the
6mBio sites was found to be significantly greater than
with the FrBio group (p =.003).

FrBio and 6mBio versus Nongrafted
Clotted Membrane Protected (Clot) and
versus Control (Cont)

The average PD at the Clot sites was 2.68 mm * 0.51
SD and 2.07 mm % 0.34 SD at 8 and 16 months, respec-
tively. At the control sites (Cont), the average PD was
221 mm£0.22 SD and 1.82 mm £ 0.59 SD, respec-
tively. The average BOP at the Clot sites was 0.50 + 0.28
SD and 0.28 £0.26, and at the Cont sites, it was
0.43+0.60 and 0.21 £0.26 SD during the respective
observation periods. When analyzing 6mBio versus
Cont groups in regard to PD, there was a statistically
significant difference between 8 and 16 months (p=
.017) in each type of sites.

In all other comparisons, no statistically significant
differences were found, except for the fact that PD at the
Clot and Cont sites was significantly reduced over time
(p=.026).

The average PT score at the Clot sites was
—0.35%£0.26 SD at 8 months and —0.46 £0.11 SD at
16 months. At the Cont sites, both periods showed iden-
tical score of an average of —0.37 £0.17 SD. Significant
differences were found between the FrBio and Clot sites
(p=.003), in favor of the nongrafted ones, and between
the 6mBio and Cont (p =.032), in favor of the 6-month
grafted sites. Although the PT scores were higher at the
Cont group compared with the FrBio group, differences
were not statistically significant (p =.06).

DISCUSSION

The present surgical model of an extensive surgical rect-
angular defect filled with BBM particles, concurrent

TABLE 1 Probing Depth, Bleeding on Probing, and Periotest Measurements at the Different Sites

Sites
Indices Probing Depth (mm) Bleeding on Probing Periotest
Periods (months) 8 16 8 16 8 16
FrBio 2.21£0.79 SD 2.03 £0.66 0.50 £0.92 0.42+0.44 —0.24%%+0.12 —0.27*%+0.09
6mBio 1.96** £ 0.36 1.57** £ 0.37 0.35+0.55 0.07 £0.18 —0.50* £ 0.08 —0.46* £ 0.07
Clot 2.68"+0.51 2.077+0.34 0.50 £0.28 0.28 £0.26 —0.35%+0.26 —0.46%+0.11
Cont 2.211+0.22 1.82%1 £ 0.59 0.43 £0.60 0.21 £0.26 -0.37£0.17 -0.37+£0.17
*$p = .003.
p = 017.
Pp <.03.

6mBio = 6-month Bio-Oss® grafted site; Clot = nongrafted clotted membrane-protected site; Cont = nongrafted uncovered site; FrBio = Fresh Bio-Oss®

grafted site.



with or followed by an implant placement, proved to be
a suitable model to clinically examine the soft tissue
characteristics over regenerated bone surrounding
osseointegrated implants.

Clinically, frequent periodic brushing and close
monitoring kept soft tissue appearance well maintained.
Implant stability was maintained over the study period
at all surgical sites. Proper functioning was observed
in accordance with the chewing ability, thus monitor-
ing marginal mucosal soft tissue appearance and per-
forming clear sounding upon gentle percussion on the
implant connected superstructures. Animals responded
well to the treatment and the healing sites presented no
postoperatory infection and/or complications.

To avoid overloading,” implants superstructures
were kept out of occlusion, allowing functional chewing
and physiological/habitual forces.

In regard to the type of the applied biomaterial,
BBM has been used for over 20 years and proven very
suitable for these procedures.'****

Regardless of the type of procedure, clinical obser-
vations showed similar outcome. Similar findings were
also observed in a recent human study.”” PD differences
between different sites did not reach a significant level.
After 8 months, PD ranged from 1.96 mm to 2.68 mm
at all sites and decreased at 16 months from 1.57 mm
to 2.07 mm, at the respective periods. Except for the
FrBio, all sites showed significant improvement from 8
to 16 months. Since the marginal soft tissue level was
observed to be clinically stable, it can be assumed that
the reduction in probing over time is probably more
related to the clinical attachment level status rather
than to the marginal mucosal recession. Although an
improvement was shown at the FrBio site as well, this
change did not reach a significant level. It appears that
meticulous oral hygiene monitoring and continuous
functional osseous remodeling allowed for PD improve-
ment, irrespective of the site type. At 8 months, the
average PD at the 6mBio showed the shallowest PD,
followed by an identical outcome at the FrBio and
Cont with the deepest PD at the Clot sites. During the
extended period, at 16 months observation, the delayed
regenerated site (6mBio) and Cont groups, showed the
shallowest PD in comparison with the FrBio and Clot
groups. However, this study did not show statistically
significant differences between these sites.

In a human study,® evaluating implants placed
in BBM augmented and nonaugmented ridge, mean
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PD was 1.5 mm and mean BOP was 0.1 mm. They also
reported that no clinical differences were observed when
comparing implants that were placed simultaneously
with graft material and those that were placed using the
staged technique.

The tendency of clinical improvement was also
repeated in regard to BOP. At 8 months, the averages
ranged from 0.35 to 0.50 at the different sites and
decreased at the extended observed period to ranging
from 0.07 to 0.42, respectively. As in PD, the lowest BOP
values were found in the 6mBio and Cont groups (in
sequence) in both observation periods. However, data
dispersion and sample extent may have avoided statisti-
cal significance. Although these improvement tenden-
cies were shown in the PD as well as in the BOP, the
correlation was not statistically significant.

Significant data were appreciated in regard to
implant stability, as measured by the PT. These findings
draw a special attention in light of the critical role of this
factor as a prerequisite for long-term success.'® In both
observation periods, the recording of the PT at the prior
remodeled augmentation site (6mBio) was significantly
higher (greater minus PT values) when compared with
the combined (FrBio) sites. This is probably the most
striking finding, in regard to clinical parameters. Appar-
ently, this is not due to the delayed placement per se but
rather to the remodeled healing stage of the surrounding
osseous housing at the time of PT value recording by the
PT. However, since the significant difference was repeat-
edly observed at 16 months, it can be implicated that,
in regard to implant stability as graded by the PT, the
delayed placement mode showed a greater PT values.
Furthermore, the 6mBio implants were even superior
in PT values in comparison with the Cont group. It
can be speculated that the fact that BBM particles did
not resorb substantially but rather amalgamated with
the newly formed bone over a long period of time,”
enhanced the solid support around the implant body to
show high negative value of the PT. A prolonged healing
time of regenerated ridge by BBM was also shown by
Rodriguez et al.,”® who recommended a delayed implant
placement in order to allow bone maturation.

Despite the different established defects, clinical
healing was immaculate and similar in all site types.

In conclusion, from a clinical point of view, implant
placement and bone augmentation showed excellent
adaptation with the embraced mucosal and underlined
tissues, regardless of the timing of augmentation.
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Under professional hygiene, PD was reduced over time,
although at the immediate implant placement and bone
augmentation sites, this was not statistically significant.
PT values showed that implant stability proved to be
higher when the delayed technique took place.
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