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Abstract
Aim: To compare the effect of timing of implant placement and guided bone
regeneration (GBR) procedure on osseointegration and newly formed bone at 8 and 16
months.

Material and Methods: In seven dogs, four different sites were bilaterally
established: (1) an implant placed in a 6-month healed (6m-GBR) bovine bone mineral
(BBM) grafted site; (2) a simultaneously placed implant with the grafted BBM
(Si-GBR) followed by a membrane coverage; (3) an implant placed in a membrane-
protected non-grafted defect; and (4) an implant placement in a naturally healed site
(Cont). Histomorphometry was obtained at 8 and 16 months post-implant placement.
Bone–implant contact (BIC), crestal bone resorption (CBR), vertical intra-bony
(VIB) defect, bone (BAF) and particle (PAF) area fractions, and osteoconductivity
(CON) levels were measured.

Results: In all sites, BIC ranged between 62% and 79% with no significant
differences. PAF ranged from 17% to 27%, with no effect of time. At 8 and 16 months,
BAF was significantly smaller at the Si-GBR site when compared with all
other sites, CON was significantly greater at the 6m-GBR site, and CBR and
VIB were significantly smaller at the 6m-GBR when compared with the Si-GBR
sites.

Conclusions: The simultaneous and delayed techniques both showed a similar
osseointegration level over time. However, the staged approach showed enhanced
newly formed bone, higher osteoconduction around the grafted mineral, less
CBR, and smaller vertical bone defect over time compared with the combined
approach.
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Guided bone regeneration (GBR) is a
well-established and documented proce-
dure (Dahlin et al. 1988, 1989, Nyman et
al. 1990, Buser et al. 1993, 1995, Schenk
et al. 1994, Simion 2003). This proce-
dure may be carried out before, concur-
rent with, and/or after implant place-
ment. Bone augmentation using GBR
principles is a reliable technique (McAll-
ister & Haghighat 2007, Donos et al.
2008, Tonetti & Hämmerle 2008).
Implants placed in regenerated bone
achieved successful osseointegration
and proper function over a 5-year period
(Buser et al. 1996, Fugazzotto 1997,
Corrente et al. 2000, Blanco et al. 2005,
Juodzbalys et al. 2007, Dahlin et al.
2009) comparable to implants placed in
native bone (Buser et al. 2002). Early
implant placement concurrent with GBR
technique has shown encouraging results
(Donos et al. 2008, Buser et al. 2009).
Osseointegration represents a dynamic
process, both during its establishment
and maintenance (Berglundh et al.
2003). Implants placed in an autogenous
onlay bone graft, simultaneously or in a
delayed mode, enhance integration and
stability in the latter (Lundgren et al.
1999, Rasmusson et al. 1999).

In a systematic review, which focuses
on the survival of implants placed in
augmented and non-augmented sites, no
clear evidence is shown that the simul-
taneous GBR procedure affects the
implant survival rate (Donos et al.
2008). This review also emphasizes
that there are no prospective studies
that compare the staged approach to
pristine sites. The authors conclude
that the implant survival rate in aug-
mented (staged or simultaneously) and
non-augmented sites is similar. How-
ever, there is no study that compares
the timing of the augmentation proce-
dure, particularly on the histological
level.

When the consensus reports of Donos
et al. (2008) and Tonetti and Hämmerle
(2008) are considered, there are insuffi-
cient data regarding the influence that
timing of the augmentation procedure
may have on the quality of the regener-
ated peri-implant osseous tissue in the
augmented site, despite the solid data on
the outcome of implant survival and
long-term function (Fugazzotto 1997,
Buser et al. 2002, Donos et al. 2008).
Therefore, it is of utmost interest to
qualitatively and quantitatively study
the degree of regeneration and osseoin-
tegration over time in bovine bone
mineral (BBM) grafted sites.

The aim of this study was to explore
and examine the efficacy of implant
placement and GBR procedure whether
performed simultaneously or as a two-
stage approach, and to compare the
influence of timing of the augmentation
procedure on the level of osseointegra-
tion at 8 and 16 months post-implant
placement.

Material and Methods

The study was conducted on seven
young male beagle dogs, weighing
between 15.6 and 19.3 kg (average
17.6 kg). The Tel Aviv University
Institutional Committee for Animal
Care and Use approved the study. All
surgical procedures were performed
under general anaesthesia, achieved by
pre-sedation with 1.5 cm3 (20 mg) 2%
xylazine base IM, followed by an i.v.
injection of ketamine (Clorketamins

1000, Vetoquinol, Fort Worth, TX,
USA), 5 mg/kg1xylazine base (XYL –
M 2, Veterinary), 1 mg/kg. Buccal and
lingual local infiltration of 2% lidocaine
hydrochloride with norepinephrine
(1:100000) on the vestibular mandibular
area was administered for haemostasis
and to reduce post-operative pain.

Study design and time flow chart

The time line is illustrated in Fig. 1. To
reduce and minimize animal morbidity,
the protocol time line was designed
accordingly. Therefore, the post-implant
placement/augmentation phases were 8
months apart. At day 0, P4 and M1 were
extracted and allowed to heal naturally.
At 1 month, the first augmentation pro-
cedure occurred at the previous
extracted area. At 5 months, P2 and P3
were extracted to establish an edentu-
lous span of approximately 60 mm
(including the previous extracted P4
and M1 area). At 6 months, implant
placement (n 5 4) and additional GBR

experimental sites were carried out. The
exposure phase occurred at 6 months
post-implant placement followed by the
hygienic phase. An identical protocol
was repeated on the contralateral side,
however, at a delay of 8 months. Con-
sequently, the hygienic phases lasted for
2 and 10 months in the respective man-
dibular sides.

Surgical protocol

Phase 1: 6-month augmentation
procedure

After soft tissue healing, 1-month post-
extraction of P4 and M1, an edentulous
area of approximately 33–35 mm mesio-
distally was established. A rectangular
four-wall intra-bony defect (11 mm
L � 5 mm W � 7 mm D) was then cre-
ated (Berglundh & Lindhe 1997) using a
motorized copious irrigated round bur
(Fig. 2a). Boundaries were maintained
at least 6–7 mm distally from P3 due to
future defect location in surgery phase
2. The defect was filled with
BBM particles (Bio-Osss, Geistlich
Biomaterials, Wolhusen, Switzerland)
(Fig. 2b) and covered by a native col-
lagen membrane (Bio-Gides, Geistlich
Biomaterials). A coronally advanced
flap was established to secure primary
soft tissue closure using a 4–0 polya-
mide monofilament non-absorbable
suture (Ethilons, Ethicons, Johnson &
Johnson, Somerville, NJ, USA). Post-
operatively, surgical sites were swabbed
every 48–72 h with 0.2% chlorhexidine.
Antibiotics were administered for the
first 10 days post-surgery.

Phase 2: Implant placement phase
concurrent with additional GBR
procedures

At 6 months, 1-month post-extraction of
P2 and P3 (mesio-distal span of approxi-
mately 20 mm), two additional rectangu-
lar intra-bony defects (11 mm L � 5 mm
W � 7 mm D each) were created, partly

Fig. 1. Time flow chart of the sequence of surgical phases in both sides of the two
observation periods: A, first augmentation phase; B, implant placement and second
augmentation phase; C, exposure phase (m, months).
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on the previous mesial aspect of P4.
Care was taken to preserve at least
2 mm of bone septa between the experi-
mental defects. Then, four dual acid-
etched surface implants (Full Osseo
tites, Biomet 3i, Palm Beach Gardens,
FL, USA) 3.25 mm D � 10 mm L were
placed: one in the middle of the 6-
month-old augmented site (phase 1 sur-
gery), two in the middle of the currently
created surgical defects, and one in a
pristine healed site. In the current rec-
tangular defects, the implants were not
connected to either the buccal or lingual
bony walls and initial stability was
obtained in the floor of the defects by
their 3 mm apical threads. All implant
necks were placed at the level of the
osseous crestal rim, whether at the cur-
rent created defects or flush with the
housing bone.

Inter-implant distance was at least
10 mm apart. One of the current defects
was filled with BBM particles while the
other remained ungrafted and naturally
filled with blood. Both defects were
covered by a collagen membrane fol-
lowed by obtaining primary soft tissue
closure as described during the first
augmentation procedure.

Consequently, four different sites
were established: (1) a combined implant
placement and bone augmentation – a

simultaneous GBR site (Si-GBR); (2) an
immediate implant placement in a
non-grafted defect, spontaneously filled
with blood and covered by a membrane
(m-Clot); (3) a delayed implant place-
ment in a 6-month BBM grafted GBR
site (6m-GBR); and (4) an implant
placed in a naturally healed site (Cont)
(Fig. 2c).

Phase 3: exposure phase

At 6 months post-implant placement (12
months after the first augmentation),
implants were exposed using an inci-
sional flap technique. Implant healing
screws (4 mm high) were connected
followed by soft tissue cuffing using
interrupted sutures. Healing screws pro-
truded approximately 2 mm above the
surrounding soft tissue.

All phases of the surgical protocol,
with identical timing of augmentation
and implant placement procedures, were
sham-operated on the contralateral side
of the mandible, but with a delay of 8
months.

Hygienic phase

Implant superstructure healing screws
were maintained under pre-medication
only, followed immediately by meticu-

lous cleaning using a toothbrush and
0.2% chlorhexidine digluconate (Glax-
oSmithKline, Brentford, Middlesex, UK)
antiseptic solution, every 48–72 h.

Autopsy procedure

At 8 and 16 months after implant place-
ment in the right and left sides, respec-
tively, dogs were euthanized by a
lethal dose (30 mg/kg) of pentobarbitone
sodium i.v. (CTS, Pharmaceutical Indus-
tries Inc., Kiryat Mala’achi, Israel). Sub-
sequently, 300 ml of 10% neutral buffered
formalin was injected under pressure into
the external carotid arteries to achieve
optimal tissue fixation (Karnovsky 1965)
before specimen block removal. Radio-
graphs of the specimen blocks were taken
before histological processing. Mandibu-
lar block sections that contained the
implants were then prepared for hard
tissue non-decalcified preparation.

Histological processing

Blocks were placed in 10% neutral buf-
fered formalin and dehydrated with
graded series of alcohols for 9 days. After
dehydration, specimens were infiltrated
with a light-polymerized embedded resin
(Technovit 7200, VLC, Heraeus Kulzer,
Hanau, Germany). After 20 days of infil-
tration with constant shaking at a normal
atmospheric pressure, specimens were
embedded and polymerized by 450 nm
light at 401C, and prepared using the
cutting/grinding method described by
Donath and Breuner (1982).

Initially, bucco-lingual cuts at the
mid inter-implant distance between fix-
tures provided tissue blocks that con-
tained a single implant in each to
comprise 5.0 mm of hard calcified tissue
at the mesial and distal aspects of each
implant. Each block was sectioned long-
itudinally, providing an antero-posterior
section of the implant, presenting the
mesial and distal aspects of the tissue to
the implant interface.

Specimens were cut to a thickness of
150mm on an EXAKT cutting/grinding
system (EXAKT Technologies, Oklaho-
ma City, OK, USA). Slides were
polished to a thickness of 40m using
the EXAKT microgrinding system, fol-
lowed by alumina polishing paste and
stained with Stevenel’s blue and Van
Gieson’s picro fuchsin. Photomicro-
graphs were obtained using a Zeiss
Axiolab photomicroscope (Carl Zeiss
Microimaging, Thornwood, NJ, USA).

Fig. 2. (a) The first surgical phase comprised of a rectangular four-wall intra-bony defect (11
mm L � 5 mm W � 7 mm D). (b) The intra-bony defect was completely filled with bovine
bone mineral (BBM) particles. (c) Four implants were placed: one of the fresh created defects
was filled with BBM particles (Si-GBR), one was left to clot, one at the 6-month previously
augmented with BBM (6m-GBR) and one at a pristine bone (Cont).
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Histomorphometry analysis

All experimental sites were measured by
the same investigators (Z. A. and E. W.),
without knowing the identification of
the sites.

Histomorphometry was conducted on
a screen monitor, attached to the micro-
scope (magnification � 35), and per-
formed only in the crestal/implant neck
region and not at the total implant length
(Fig 3a). The peri-implant area was
analysed along a 5.5 mm stretch of the
implant, starting from the neck, at a final
magnification of � 35. A 1 mm W �
5 mm L region of interest (ROI) was
overlaid on the section adjacent to the
implant body, as well as 1 mm away
from the implant (Fig. 3b), mesially and
distally. The Bioquant Nova Prime Sys-
tem (Bioquant Image Analysis Corp,
Nashville, TN, USA) was used to calcu-
late the morphometric measurements for
the following parameters: (a) direct
bone-to-implant contact (BIC); (b) cres-
tal bone resorption (CBR) – distance
between the implant neck and first
BIC; (c) vertical intra-bony defect
height (VIB) – distance between the
crestal marginal bony peak and first
BIC; (d) bone area fraction at the proxi-
mity (BAF-P) of the implant surface (0-
1 mm from the implant surface) and at
the distance (BAF-D) – (1–2 mm
beyond the implant surface); (e) particle
area fraction at the proximity (PAF-P)
and at the distance (PAF-D); and (f)
osteoconductivity level – which repre-
sents the amount of direct contact of the
encircling newly formed bone around
the grafted particles at the proximity
(CON-P) and at the distance (CON-D)
zones (Fig. 3b). In each implant, the
average of the mesial and distal aspects
was calculated for the different para-
meters. Thus, the inspected area was
related to the mesial and distal aspect
of the implants, which are augmented
zones except for the control group.

Statistical analysis

Each of the four different experimental
groups was examined at two different time
points, post-implant placement. Means
and standard deviations (SD) were calcu-
lated for each measured parameter. ANOVA

with repeated measures analysed the dif-
ferences between mean values, two-within
time factors (8 and 16 months) and three-
within subject factors (treatment modality,
proximal, or distant location and time).
Statistical significance was recognized

at P � 0.05. A two-tailed Pearson’s
correlation analysis was applied to test
possible associations between the different
parameters at each experimental site.

Results

At the post-surgical phases, soft tissue
healing was immaculate and animals
showed no signs of mastication distress.
One dog developed swelling in the floor
of the mouth, which was alleviated by an
additional course of antibiotics. The
experimental learning curves of previous
studies (Artzi et al. 2003a, b, 2004, 2006,
Kozlovsky et al. 2007) ensured predict-
able uncomplicated wound healing. The
establishment of buccal and lingual cor-
onally advancing flaps, which obtained a
resilient full soft tissue closure with the
horizontal internal mattress suturing,
ensured no spontaneous exposure of the
GBR procedures.

Morphometric evaluations

Tables 1–4 summarize all percentage
and metric parameters, as well as the
ranges and averages with related SD.
Figs 4a–7b represent the mesio-distal
non-decalcified section cuts of Si-
GBR, 6m-GBR, m-Clot and Cont sites,
at 8 and 16 months, respectively.

BIC

At 8 months, the mean direct BIC at the
different experimental sites ranged from

62.1% to 77%. At 16 months, the mean
BIC ranged from 78% to 79.8%, respec-
tively. At the grafted sites (Si-GBR and
6 m-GBR), BIC significantly increased
(P 5 0.003) from 8 to 16 months. When
Si-GBR was compared with Cont sites,
BIC was significantly higher at the Cont
sites (P 5 0.017). At 16 months, BIC was
comparable between all different sites.

BAF

Remodelled bone was measured in the
proximity (BAF-P) of the implant body
at 0–1 mm and at the distance (BAF-D)
of 1–2 mm and beyond.

At 8 months, the mean BAF-P ranged
from 49.5% to 83.7% and BAF-D ran-
ged from 37% to 70.3%, at the different
sites. At 16 months, the mean BAF-P
ranged from 55% to 77.6% and BAF-D
ranged from 43.34% to 67.6%, at the
respective sites.

BAF-P was significantly greater
(P 5 0.033) at 6m-GBR compared with
the Si-GBR in both periods, but not over
time. BAF-P was also greater when
Cont was compared with Si-GBR and
to m-Clot (P 5 0.019), and between
Cont and 6m-GBR groups at both per-
iods in the latter (P 5 0.003).

At the distance, BAF-D was signifi-
cantly greater (P 5 0.022) at the 6m-
GBR over Si-GBR, and timing (8 and
16 months) had a significant effect
(P 5 0.003). BAF-D was also grea-
ter at the m-Clot sites compared
with Si-GBR (P 5 0.046), but not when
compared with the 6 m-GBR sites.

Fig. 3. (a) An osseointegrated implant at 8 months. Histomorphometry was conducted on the
surrounding tissues of the coronal 5 mm from the implant neck (a, b). (Stevenel’s blue and
Van Gieson’s picro fuchsin staining � 15 original magnification). (b) Parameters measured
in the proximal-P (0–1 mm) and the distance-D (1–2 mm) from the implant surface: bone–
implant contact (BIC), crestal bone resorption (CBR), vertical intra-bony (VIB) defect, bone
and particle (BBM) area fractions (BAF and PAF, respectively) and the direct particle-bone
contact, i.e., conductivity level (CON). (Stevenel’s blue and Van Gieson’s picro fuchsin
staining � 35 original magnification).
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As well, Cont sites were significantly
greater when compared with Si-GBR
(P 5 0.009) and to 6m-GBR sites (P 5
0.004). However, timing of observation
had no effect.

The grafted sites showed a significant
difference between BAF-P and BAF-D
(P 5 0.009) within the three subject
factors (site, time, and different areas).
This difference was also shown when
Si-GBR was compared with m-Clot
(P 5 0.003), 6 m-GBR to Cont (P 5
0.003), and when m-Clot was compared
with Cont (Po0.001). However, this
difference was neither site nor time-
dependent.

PAF

Similar to BAF, the PAF was divided
and measured at the 0–1 mm proximity

(PAF-P) and beyond at a 1–2 mm
distance (PAF-D). At the grafted
sites, the mean PAF-P ranged from
20.4% to 22.4% and from 17.3% to
21.9% at 8 and 16 months, respectively.
Mean PAF-D ranged from 21.9% to
26.9% and from 22.8% to 23.2%, at
the respective periods. No difference
was found in relation to the site type
or timing of observation. However,
when the examined areas were com-
pared within each site, there was a
significant difference between PAF-P
and PAF-D (P 5 0.013), which
was independent of site and timing of
observation.

Conductivity level (CON)

The CON level was estimated by the
amount of direct contact of the particles

to the surrounding bone at the proximal
(CON-P) and distant (CON-D) areas.
Mean CON-P ranged from 37.7% to
71.4% and from 80% to 85% at 8 and
16 months, respectively. Mean CON-D
ranged from 45.9% to 53.9% and from
76.4% to 80.9%, at the respective peri-
ods. At the proximal area, a greater level
of conductivity was shown at the 6m-
GBR sites (P 5 0.024), as well as a
significant increase at 16 months
(P 5 0.024). This difference was closely
dependent but not statistically signifi-
cant (P 5 0.06) on the applied type of
site.

Beyond the proximal area, at 1–2 mm
distance, CON-D increased significantly
at the 16-month period (P 5 0.01).
However, no difference was found
between the Si-GBR and 6m-GBR
sites.

Table 1. Morphometric measurements (ranges and averages) of bone–implant-contact (BIC) (%), crestal bone resorption (CBR), and vertical intra-
bony (VIB) defect at 8 months observation period

Sites/parameters Si-GBR 6m-GBR m-Clot Cont

BIC (%) 62.07a � 8.44 SD
(range: 50.74–72.63)

75.97 � 10.14 (63.20–94.08) 73.94 � 17.71 (49.30–94.23) 76.97a � 9.35 (65.98–87.68)

CBR (mm) 2.34bc � 0.42 (range: 1.79 –2.91) 1.47b � 0.57 (0.90–2.26) 1.76 � 1.44 (0.47–3.33 ) 1.10c � 0.26 (0.72–1.51)
VIB defect (mm) 1.89cd � 0.72 (0.91–2.93) 0.81c � 0.34 (0.38–1.28) 1.62e � 1.39 (0.47–3.70) 0.65de � 0.35 (0.22–1.13)

Superscript letters indicate Po0.05.

GBR, guided bone regeneration.

Table 2. Morphometric measurements (ranges and averages) of bone and grafted particle area fractions (%) and the conductivity level (%) at the
proximal and distant zones at 8 months observation period

Sites/parameters Si-GBR 6m-GBR m-Clot Cont

Bone area fraction – proximal (BAF-P) (%) 49.49 abceh � 15.12
(20.16–67.41)

63.52adfi � 6.89
(50.24–70.86)

62.81ejn � 12.91
(44.00–83.23)

83.65fhijo � 12.21
(59.10–95.52)

Bone area fraction – distance (BAF-D) (%) 36.95bcgk � 12.51
(20.64–51.60)

52.94bdl � 9.40
(38.34–64.7)

52.52gmn � 20.08
(21.67–86.25)

70.30klmo � 13.23
(51.45–81.01)

Particle area fraction – proximal (PAF-P) (%) 22.42 � 5.16
(11.9–27.08)

20.38 � 4.75
(15.88–29.03)

NA NA

Particle area fraction – distance (PAF-D) (%) 26.91 � 8.31
(19.20–43.61)

21.94 � 10.93
(10.37–35.57)

NA NA

Conductivity level – proximal (CON-P) (%) 37.71p � 24.31
(7.95–80.62)

71.42p � 18.29
(43.79–91.21)

NA NA

Conductivity level – distance (CON-D) (%) 45.85q � 22.49
(14.79–77.37)

53.94q � 23.44
(15.05– 87.65)

NA NA

Superscript letters indicate Po0.05.

GBR, guided bone regeneration.

Table 3. Morphometric measurements (ranges and averages) of bone–implant-contact (BIC) (%), crestal bone resorption (CBR), and vertical intra-
bony (VIB) defect at 16 months observation period

Sites/parameters Si-GBR 6m-GBR m-Clot Cont

BIC (%) 77.95 � 11.24 SD
(range: 61.40–94.80)

79.82 � 7.54 (66.12–86.68) 75.93 � 20.77 (52.45–100) 79.47 � 6.87 (70.98–88.42)

CBR (mm) 1.11a � 0.26 (0.80–1.47) 0.92a � 0.33 (0.65–1.05) 1.24 � 0.45 (0.62–1.78) 1.20 � 0.35 (0.75–1.64)
VIB defect (mm) 0.88bc � 0.43 (0.33–1.34) 0.50b � 0.37 (0.12–1.05) 0.76 � 0.18 (0–1.10) 0.66c � 0.33 (0.34–1.19)

Superscript letters indicate Po0.05.

GBR, guided bone regeneration.
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CBR and VIB defect height

Mean CBR ranged from 1.10 to 2.34 mm
and from 0.92 to 1.24 mm at 8 and 16
months, respectively. CBR was statisti-
cally significantly smaller (P 5 0.032) at
the 6m-GBR, compared with the Si-
GBR sites in both observation periods.
This difference was also shown between
the Si-GBR and Cont sites (P 5 0.023).
A significant difference in favour of the
extended time observation (16 months)
was found in all sites (Po0.001) except
for the Cont sites.

The mean VIB defect height ranged
from 0.65 to 1.89 mm at 8 months and
from 0.50 to 0.88 mm at 16 months.
There was a significant difference
between 6m-GBR and Si-GBR sites
(P 5 0.014), as well as a significant
improvement (smaller VIB) with time
(P 5 0.003). VIB was significantly
greater at the Si-GBR group when com-
pared with the Cont group within each
observation period (P 5 0.023), as well
as during time (P 5 0.01). In addition,
VIB at the Cont group was smaller
compared with the m-Clot group
(P 5 0.034), but not in time.

The two-tailed Pearson’s analysis
(Table 5) shows that all sites were corre-
lated between CBR and VIB at the
8-month observation period. Also, a nega-
tive correlation (R 5 � 0.77; P 5 0.04)
between the increasing CBR and the
decreasing BIC at the 6m-GBR sites at
16-month observation, is noteworthy.

Discussion

Numerous case series (Buser et al. 1996,
2009, Fugazzotto 1997, Blanco et al.
2005, Juodzbalys et al. 2007, Dahlin
et al. 2009) and systematic data (Donos

et al. 2008) report the clinical efficacy on
the survival/success rate of implants
placed in augmented and non-augmented
sites. In this study, an interpretation of a
possible distinct observation between
combined implant placement and bone
augmentation, or in a two-staged

approach event, was explored histologi-
cally. Implant placement and alveolar
GBR procedure, whether performed
simultaneously or in a delayed approach
showed comparable osseointegration as
measured histologically by direct BIC.
However, timing of the augmentation

Table 4. Morphometric measurements (ranges and averages) of bone and grafted particle area fractions (%) and the conductivity level (%) at the
proximal and distant zones at 16 months observation period

Sites/parameters Si-GBR 6m-GBR m-Clot Cont

Bone area fraction – proximal
(BAF-P) (%)

55.04aceh � 5.60 (46.74–63.99) 63.42adf � 9.41 (52.80–78.86) 70.01e � 18.32
(47.46–94.69)

77.62fh � 12.28
(58.62–89.12)

Bone area fraction – distance
(BAF-D) (%)

43.35bcij � 14.16 (23.33–63.96), 58.73bdg � 12.98 (33.09–76.19) 66.81i � 14.14
(49.33–85.97)

67.55gj � 14.85
(37.84–82.25)

Particle area fraction – proximal
(PAF-P) (%)

17.29 � 11.24 (3.85–33.83) 21.93 � 5.40 (14.25–29.81) NA NA

Particle area fraction – distance
(PAF-D) (%)

23.16 � 13.71 (2.59–39.92) 22.84 � 4.52 (17.40–29.14) NA NA

Conductivity level – proximal
(CON-P) (%)

80.01 � 17.40 (50.97–99.09) 84.97 � 13.56 (65.95–97.02) NA NA

Conductivity level – distance
(CON-D) (%)

76.44 � 20.57 (38.85–99.56) 80.93 � 12.70 (63.62–95.43) NA NA

Superscript letters indicate Po0.05.

GBR, guided bone regeneration.

Fig. 4. (a) At 8 months, a coronal part of a simultaneous implant placement and bone
augmentation procedure using bovine bone mineral particles. Note the crestal bone level in
reference to the implant neck. (The implant core was trimmed due to lack of interest and to
allow an expanded view at the periphery). (Stevenel’s blue and Van Gieson’s picro fuchsin
staining � 35 original magnification). (b) At 16 months, a coronal part of a simultaneous
implant placement and bone augmentation procedure. Note the improved crestal bone level
(Stevenel’s blue and Van Gieson’s picro fuchsin staining � 35 original magnification).

Fig. 5. (a) A coronal part of an implant placed at a 6-month regenerated grafted bovine bone
mineral site (6m-GBR) at 8 months (Stevenel’s blue and Van Gieson’s picro fuchsin staining
� 35 original magnification). (b) A coronal part of a 6m-GBR site at 16 months (Stevenel’s

blue and Van Gieson’s picro fuchsin staining � 35 original magnification).
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procedure showed an impact on several
peri-implant parameters.

Similar observations were made
whether a simultaneous implant place-
ment or a delayed two-stage approach
occurred. The degree of osseointegration
as measured by the amount of BIC along
the implant surface at the augmented
sites (Si-GBR and 6m-GBR) was com-
parable to the non-grafted sites (m-Clot
and Cont) particularly at 16 months.

The resemblance between the out-
come of the membrane-protected
grafted and ungrafted (m-Clot) sites

may also be attributed to the high regen-
erative potential of the 4-wall intra-bony
experimental surgical site. The fact that
the surgical sites were well protected by
a membrane and the clot was stabilized
by the surrounding walls may have a
role in enhancing healing in both surgi-
cal models (Haney et al. 1993).

At 8 months, BIC at the delayed
approach was higher than at the
combined mode – 76% versus 62%.
However, significant validity could not
be established because of the relatively
small sample size. The pristine bone

(Control) group was the only group to
present a statistically significant higher
BIC over the Si-GBR group. In a short-
term study (Veis et al. 2007), a lower
BIC was shown in a membrane-pro-
tected defect compared with an implant
placed in a native bone when experi-
mental defects were placed in the iliac
bone of three dogs. In the current study,
all sites exhibited an equal amount of
osseointegration at 16 months. The
increase of BIC over time indicates
that there is a continual remodelling
and osseous adaptation around the
implant body, regardless of the type of
surgical modality performed. Both, the
simultaneous and delayed augmentation
techniques demonstrated a high grade of
osseointegration.

Furthermore, although BIC at the Si-
GBR sites was inferior at 8 months, it
increased to an equal level compared
with other sites at 16 months. This may
indicate that the prolonged presence of
the grafted particles with osteoconduc-
tive property could present a certain
influence on the increasing BIC level.

At all surgical sites, grafted or non-
grafted, BAF-P showed a greater percen-
tage of mineralized tissue over BAF-D.
It can be assumed that the properties of
the rough implant surface (Klokkevold
et al. 1997, 2001) might play a role as an
osteoconductor vehicle to attract sur-
rounding cells to enhance bone apposi-
tion. In the current study, the
contribution of the implant surface char-
acteristics was not explored. Regardless
of the grafting augmentation timing, the
mineralized BAF occupied more than
one-half of the total area at the augmen-
ted sites. However, the delayed approach
showed additive superiority. The amount
of bone formation was significantly
greater at the 6m-GBR sites, both at 1
and 2 mm beyond the implant surface at
both observation periods. When simulta-
neous implant placement and augmenta-
tion were compared with the delayed

Table 5. Significant correlations between the different parameters at the different sites (two-tailed Pearson’s analysis)

Parameters/period Si-GBR 6m-GBR m-Clot Cont

BIC/BAF-P/8 months R 5 0.84; P 5 0.03
BIC/CBR/16 months R 5 0.77; P 5 0.04
BAF-P/BAF-D/16 months R 5 0.88; P 5 0.009
BAF-P/PAF-P/8 months R 5 � 0.98; Po0.001
BAF-P/PAF-P/16 months R 5 0.85; P 5 0.015
CON-P/CON-D/16 months R 5 0.92; P 5 0.004 R 5 0.77; P 5 0.04
CBR/VIB/8 months R 5 0.95; P 5 0.03 R 5 0.99; Po0.001 R 5 0.82; P 5 0.02

BIC, bone–implant-contact; BAF-D, bone area fraction – distance; BAF-P, bone area fraction – proximal; CBR, crestal bone resorption; VIB, vertical

intra-bony defect; PAF-P, particle area fraction at the proximity; CON-D, conductivity level – proximal; CON-P, conductivity level – distance; GBR,

guided bone regeneration.

Fig. 6. (a) A coronal part of an implant placed at a clotted non-grafted membrane-protected
site (m-Clot) at 8 months (Stevenel’s blue and Van Gieson’s picro fuchsin staining � 35
original magnification). (b) A coronal part of an implant placed at the m-Clot site at 16
months observation (Stevenel’s blue and Van Gieson’s picro fuchsin staining � 35 original
magnification).

Fig. 7. (a) A coronal part of an implant placed at a healed pristine (Cont) site at 8 months
observation (Stevenel’s blue and Van Gieson’s picro fuchsin staining � 35 original
magnification). (b) A coronal part of an implant of the Cont group at 16 months observation
(Stevenel’s blue and Van Gieson’s picro fuchsin staining � 35 original magnification).
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technique, it was suggested that timing
had a significant effect on the degree of
ossification in the distant zone (BAF-D).
Apparently, there is continuous remodel-
ling and bone apposition. Therefore,
implants placed in 6-month old augmen-
ted sites (6m-GBR group) present
advantages over fresh ones (Si-GBR),
which are expressed by higher BAF
values. However, at the 6m-GBR group,
BAF-P was similar at both observation
periods, probably due to the extended
remodelling time of the grafting proce-
dure, which was examined in an
extended matured stage at 14 and 22
months, respectively.

Significant differences were also
shown on the CON level where the
grafted particle osteoconduction was
significantly higher at the 6m-GBR
when compared with the Si-GBR sites.
This difference was particularly noticed
at 8 months and reduced at 16 months.
The implication is that the delayed
approach (6m-GBR) showed a higher
osteconductivity at least at the phase of
bone remodelling and during the estab-
lishment of osseointegration properties.
Significant improvement at both the Si-
GBR and 6m-GBR sites was evident
with time. However, despite the differ-
ences, time and the applied timing of the
grafting procedure were independent.
The fact that bone apposition increased
over time, regardless of the type of site,
indicated that the grafted particles con-
tinuously attracted osteogenic activity
whether grafted before or at the implant
placement phase. This material pro-
motes osteoblastic differentiation and
matrix synthesis (Tapety et al. 2004).
The resemblance of the particle config-
uration of BBM (Rosen et al. 2002) and
its slow resorption pattern (Artzi et al.
2004) probably contribute to its higher
conductivity in the long term. It can be
assumed that the macro- and micro-
porous configuration of BBM particles
result in better osteoconductive proper-
ties (Spector 1994, 1999, Jensen et al.
1996, Hämmerle et al. 1997, 1998,
Skoglund et al. 1997, Artzi et al. 2000,
2001, Norton et al. 2003), as well as in
experimental defects around implants
(Hockers et al. 1999, Polyzois et al.
2007), and in a recent comparative
human study in socket sites (Lee et al.
2009).

The percentage of PAF that occupied
the augmented site, whether grafting
occurred before or simultaneously with
implant placement, ranged from 20% to
25% in both observation periods at the

proximal body and away from the
implant body. This has been well sup-
ported in previous studies (Artzi et al.
2004, 2005, Meijndert et al. 2005) when
BBM maintained its volume fraction
after a limited early phase of resorption,
independent from continual increase of
newlyformed bone. Consequently, it is
self-evident that except for the early
observation at 6m-GBR, no correlation
was found between BAF and PAF.

One of the most striking findings
revealed at the implant neck level was
the CBR and VIB defect, which were
distinguishable among the different sur-
gical sites. When implant placement and
ridge augmentation were performed
separately, both CBR and VIB were
significantly smaller than the resorption
of the combined technique. This observa-
tion was evident at both 8 and 16 months.

Furthermore, at 8 months, a signifi-
cant correlation was shown between
these two measured parameters at all
surgical types except for 6m-GBR. It is
noteworthy that in the delayed technique
(6m-GBR), a lower CBR level statisti-
cally correlated with the increasing per-
centage of osseointegration (BIC).

Apparently, this critical site of the
implant neck/grafted particles and over-
lay membrane results differently in the
remodelled osseous level, embracing the
neck when the implant was placed in a
remodelled matured ridge compared with
the level of crestal bone when implant
placement and augmentation occurred
concurrently. However, it is clear that
under proper maintenance, CBR and VIB
improved and reduced with time, as
shown at 16 months, regardless of the
type of the surgical site.

When BBM was used as the grafting
biomaterial in human studies (Häm-
merle et al. 2008, Iezzi et al. 2008,
Meijndert et al. 2008, Dahlin et al.
2009), bone formation was supported,
there was excellent osseointegration,
and the crestal bone level was main-
tained.

Clinical implications

(1) Within the limitations of this study,
it is noteworthy that over time, no
clinical difference has been shown
between implant placement simul-
taneously with augmentation or via
a two-stage approach. Both showed
a resembling and maintainable
osseointegration.

(2) Using the present experimental
model, bone formation was greater
at the proximity of the implant sur-
face. The delayed surgical approach
was superior compared with the
combined technique and also over
time.

(3) In accordance to this model, the
level of osteoconduction associated
with the grafted particles was higher
at the staged approach.

(4) The staged approach shows less
CBR and smaller vertical bone
defect over time when compared
with the combined approach; both
models show, however, significant
improvement at 16 months.
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Clinical Relevance

Scientific rationale for the study: The
timing of implant placement and
bone augmentation as a combined
or a two-stage event is of clinical
importance.
Principal findings: Over time, a simi-
lar amount of osseointegration was
established using both techniques.

Newly formed bone was enhanced
proximal to the rough surface of the
implant. The staged approach
showed a higher degree of newly
formed bone and osteoconduction,
less CBR, and smaller vertical bone
defect over time when compared
with the combined simultaneous
technique.

Practical implications: Although the
staged approach showed enhanced
bone level and higher bone density,
timing of the augmentation proce-
dure did not influence the degree of
osseointegration or the clinical out-
come.

1038 Artzi et al.

r 2010 John Wiley & Sons A/S



This document is a scanned copy of a printed document.  No warranty is given about the accuracy of the copy.

Users should refer to the original published version of the material.


