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Nonceramic Hydroxyapatite

Bone Derivative in Sinus
Augmentation Procedures:

Clinical and Histomorphometric
Observations in 10 Consecutive Cases
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A synthetic, nonceramic resorbable hydroxyapatite (R-HA) was applied to augment
the subantral area in 10 consecutive sinus lift procedures in humans. Implants were
simultaneously placed in eight patients; in the remaining two, where residual bone
height was less than 3 mm, a two-stage surgical approach was carried out. The aim
of the study was to examine, clinically and histopathologically at 12 months, the
healing pattern of these augmented sinuses around the implants. In the simultane-
ous technique, radiopaque grafted mineral surrounded the implants. In the two-
stage technique, R-HA particles filled the augmented site and were confined to the
subantral area. At the uncovering phase, all implants (n = 36) were stable, with no
clinical bone resorption around the cervix. A 2.5-mm trephine bur was used to col-
lect specimens from the 10 augmented sites at the lateral-deep area. Histologically,
new bone formation was evident in all examined cores. R-HA particles were primari-
ly surrounded by newly formed bone, mostly woven bone, in different stages of
remodeling. However, in the deep areas of the specimen cores, lamellar bone frag-
ments were also seen. Morphometric measurements showed that the mean bone
area of the 10 sites was 28.1% at the lateral/external side and 37.8% at the
deep/inward side. Under polarizing microscopy, the mean lamellar:woven bone ratio
was 1:7.2 at the lateral side and 1:4.2 at the deep end. Differences were statistically
significant. R-HA proved to be a suitable filler material for osseointegrated implants
in sinus augmentation procedures, since it showed both biocompatible and osteo-
conductive properties. (Int J Periodontics Restorative Dent 2003;23:381-389.)
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Subantral floor augmentation and
simultaneous or delayed implant
placement have become pre-
dictable procedures in prosthetic
reconstruction of atrophic posterior
maxillae. Several different bone sub-
stitutes have been used to augment
the sinus floor area.’” Biocompati-
bility and osteoconductivity have
been found in various calcium phos-
phate alloplasts.810 A synthetic
resorbable hydroxyapatite (R-HA)
(Osteogen, Impladent) has been

11-13 3nd

introduced for bone repair
sinus floor augmentation.8'4-17 This
nonceramic material, composed of a
cluster of small crystals with relatively
low microstructure porosity, is pre-
sumably osteoconductive, with a
mineral reservoir that promotes new
bone formation.’® A similar per-
centage of bone-to-implant contact
in the augmented sinus was shown
when R-HA was compared to natural
bovine hydroxyapatite and to de-
mineralized freeze-dried bone in
beagle dogs.'® No new bone for-
mation around the implants was
observed when demineralized
freeze-dried bone was applied.
However, R-HA was not evaluated
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Fig 2a

Preoperative radiograph of a pos-
terior atrophic maxilla shows a residual
ridge of 1 to 2 mm in height.

morphometrically, and most human
studies are based on random clinical
cases.

In the present study, 10 consec-
utive sinus lift procedures were car-
ried out using R-HA as an augmen-
tation material. The histopathologic
healing pattern of these sites was
examined at 12 months. A morpho-
metric analysis was performed in all
sites at the lateral and deep aug-
mented areas. The mean newly
formed bone and lamellar:woven
bone ratios were measured in these
sites using polarizing microscopy.

Fig 1a (left) Preoperative radiograph of
the left maxillary region shows é- to 7-mm
bone height of the posterior residual
ridge.

Fig 1b (right) Postoperative radiograph
shows the grafted material completely sur-
rounding the implant bodies.

Fig 2b  Grafted mineral particles are well-
confined to the subantral area.

Method and materials

Ten healthy patients (five women
and five men ranging in age from 36
to 66 years) with no systemic disor-
ders, who were to receive posterior
implant-supported fixed prostheses,
participated in the study. The diag-
nostic radiographs revealed atrophic
posterior maxillae. In all patients, the
pneumatized sinus space and
resorbed alveolar bone resultedin a
residual ridge height of 1 to 7 mm.
R-HA was used as the augmentation
material in the sinus lift procedure. In

Fig 2c  Four implants are placed in the
augmented site after 6 months.

eight patients, where the residual
ridge height was 4 to 7 mm (Fig 1a),
simultaneous augmentation and
implant placement were carried out
(Fig 1b). A staged procedure was
preferred (Figs 2a and 2b) where the
residual ridge height was 1 to 3 mm.
In these two patients, implants were
placed 6 months after the augmen-
tation procedure (Fig 2c). All
implants were root form, 3.7 to 4.5
mm in diameter, and 10to 15 mm in
length.
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Surgical procedures

Patients were premedicated with
Ketoprofen (Ketonal, Agis Industries)
100 mg. One hour before surgery,
buccal and palatal local anesthesia
was administered using lidocaine
HCl 3% and 1:80,000 norepinephrine
by slow infiltration. Initially, sequen-
tial step-up cutting burs were used to
prepare implant osteotomy sites at
the residual available ridge areas.
The lateral fractured sinus wall tech-
nique, originally described by Boyne
and James'? and Tatum,?° was then
performed. An extensive buccal flap
was reflected, exposing the lateral
external sinus bony wall. Oval/rec-
tangular window boundaries were
demarcated (mean 10 mm X 16 mm)
with a 2-mm round diamond bur
according to osseous topography
and with the aid of panoramic radi-
ographs and computerized tomo-
graphic (CT) scans. A periodontal
probe was used to measure window
size and distance from the residual
bony crest to the inferior window
border for second-stage surgical pro-
cedures. After the inward-upward

Fig 3a (left)
sample.

Harvesting of specimen core

Fig 3b (right) Approximately 10 mm
cylindric bone sample is harvested by the
trephine bur before the specimen fixation
process.

loosening of the lateral bony wall
window, the Schneiderian mem-
brane was carefully reflected from its
lower adherence with a broad, flat
curette. R-HA particles, 300 to 400
um, were soaked with venous blood
and carried into the sinus space with
a bone-grafting syringe (Bio-
Interfaces) in two increments. In
between, the implant osteotomy site
was completed into the established
augmented space, followed by
implant placement. The second
increment of the grafted mineral was
then added to obturate the surgical
sinus window. Finally, a resorbable,
bilayer, porcine collagen membrane
(BioGide, Osteohealth) was applied
over the entire area. Soft tissue clo-
sure was achieved with a nonab-
sorbable polyviolene suture (4-0;
Look, Surgical Speciality).

In the two patients where a
staged approach was used, implants
were placed after 6 months. Post-
operative systemic antibiotics of 500
mg amoxicillin (Moxypen Forte,
Teva Pharmaceutical Industries)
three times a day for 1 week and
275 mg naproxen (Narocin, Teva

Pharmaceutical Industries; two-
tablet initial dose, thereafter one
tablet every 6 to 8 hours as needed)
were prescribed. A 0.2% chlor-
hexidine gluconate mouthwash
(Tarodent, Taro Pharmaceutical
Industries) was used for 45 seconds,
twice daily for 2 weeks. Sutures were
removed after 14 days.

At the implant uncovering
phase, the buccal soft tissue flap
was further elevated to the previ-
ous window area for hard tissue
retrieval using a 2.5-mm-internal-
diameter trephine bur. Bone was
harvested with careful orientation
with the current position of the im-
plant body. The trephine bur was
drilled through the previous lateral
window frame and between the
apical end of the implants, in a dia-
gonal, superior, upward direction
toward the new location of the
Schneiderian membrane (Fig 3a).
Thus, the harvesting procedure
would not affect or compromise the
implants. Cylindric specimens, 7 to
8 mm long (Fig 3b), were marked to
identify the lateral and deep ends
for further orientation.
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Fig 4 Under polarization, woven bone is characterized by a
greenish-yellow-orange, unorganized pattern (W). The organized
lamellar bone is characterized by its thick, greenish-yellow strips (L)

(picrosirius red stain; original magnification X 400).

Histologic preparation

Cylindric specimen cores were fixed
in 10% neutral buffered formalin for
1 week and then decalcified with 5%
formic acid for an additional 2
weeks. Serial transverse sections of
the paraffin-embedded specimens,
5 pm in width, were prepared using
a microtome. The slides were
stained with hematoxylin-eosin and
picrosirius red for polarizing mi-
croscopy. Picrosirius red-stained
serial slides were examined with
polarizing microscopy specific for

Fig 6a (left) Photomicrograph of a speci-
men core section. Newly formed bone sur-
rounds R-HA empty lacunae, comprised of
an amorphous mass (picrosirius red stain;
original magnification X 20).

Fig 6b (right)  Polarization of Fig éa
shows R-HA particles surrounded mainly
by woven bone and occasionally by lamel-
lar bone (L).

collagen,?' and the area fraction of
woven and lamellar bone was mea-
sured and compared in the lateral
and deep specimen areas.
Photomicrographs (20X) of
each picrosirius red-stained section
were taken using an automatic cam-
era (Olympus C35AD-4) connected
to a microscope (Olympus BH-2)
with polarized light. Woven bone
was recognized by its random, unor-
ganized fibrillar pattern, usually with
polarization colors ranging from
greenish-yellow to yellow-orange,
depending on fiber width (Fig 4).

Fig 5 Rectangular R-HA particles (*) are primarily surrounded by
newly formed bone in different stages of maturation (hematoxylin-
eosin stain; original magnification X 100).

Thick strips of greenish-yellow colors

in an organized pattern character-
ized the lamellar bone. R-HA mineral
particles appeared as a dark area.
The point-counting tech-
nique??23 was used for area fraction
estimation. A 64-square (1.5 cm X
1.5 cm) graticule was superimposed
on 13 cm X 18 cmiillustrations. Each
graticule-square center was marked
with a +. Whenever the graticule-
square center hit one of the bone
types, the specified type scored one
point. The area fraction of each bone
type was calculated as previously
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described?3-2¢ at both core ends of
the 10 specimen cores. Measure-
ments of area fraction were carried
out on serial sections mounted on
slides. Each histologic slide con-
tained 10 to 12 sections. Every fifth
slide was examined morphometri-
cally. Since the width of each section
was 5 pm, the thickness of the exter-
nal/peripheral specimen core exam-
ined was approximately 750 ym
(slides 5, 10, and 15) and assumed to
be the mean lateral area. Slides 60,
65, and 70, ie, the 750-um-thick
internal end, were examined to give
the deep area mean.

Statistical analysis was carried
out using analysis of variance
(ANOVA) with repeated measures
(BMDP Statistical Software).

Results

Radiographically, the mineral mate-
rial filled the sinus area and sur-
rounded the implants (Figs 1b and
2¢). In the two-stage procedure, the
augmented site was well-defined,
apart from the remaining diminished
antrum (Fig 2b). During implant
placement, bone had a solid appear-
ance and was routinely drilled by
step-up cutting burs. Healing was
uneventful, and no complaints were
reported 2 to 3 weeks postsurgery.
All 36 implants were clinically inte-
grated at the time of prosthetic
superstructure connection. At 12
months, during healing abutment
placement, all implants were stable
and no sign of crestal bone resorp-
tion was evident. The augmented
buccal area was solid and seldom

Table 1

Percentage of bone area fraction and lamellar:woven
bone ratio of the 10 specimens

Lateral sections

Deep sections

% of bone Lamellar:woven % of bone Lamellar:woven

Specimen area fraction bone ratio area fraction bone ratio

1 31.0 0.13 53.0 0.29

2 24.3 0.13 39.1 0.28

3 229 0.07 30.2 0.37

4 37.5 0.07 34.2 0.12

5 223 0.23 31.9 0.37

6 28.7 0.17 43.8 0.23

7 226 0.17 36.3 0.19

8 28.5 0.16 395 0.20

9 24.6 0.13 332 0.35
10 38.9 0.25 37.5 0.35
Mean 28.1 0.15 37.8 0.27
SD 6.7 0.06 9.1 0.08

SD = standard deviation.

distinguished from the neighboring
original osseous wall.
Histologically, bone formation
was evident in all specimen cores.
Rectangular R-HA particles, in vari-
ous sizes, were surrounded by newly
formed bone (Fig 5). Bone depos-
ition was evident around the mineral
crystals. However, no osteoblasts
were identified in the interface zone
between the grafted particles and
osseous tissue margins. Some par-
ticles, although rare, were sur-
rounded by fibrous encapsulation.
Most particles, which underwent the

decalcification process during his-
tologic preparation, harbored an
amorphous mass within their spaces
(Fig 6a). Under polarized mi-
croscopy, picrosirius red—stained
slides showed mainly woven bone
and, to a lesser degree, lamellar
bone (Fig 6éb). This polarization, ie,
total blackness, also refuted the
existence of collagen within the
noted amorphous mass.
Morphometrically, mean bone
area fraction at the lateral side of
the 10 specimens was 28.1%, rang-
ing between 22.3% and 38.9%
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(standard deviation [SD] 6.7), and
increasing at the deep area to
37.8%, ranging between 30.2% and
53.0% (SD 9.1) (Table 1). Differences
were statistically significant (P <
.001). Under polarization of the
picrosirius red-stained slides, mean
lamellar:woven bone ratio at the
lateral/external side was 0.15
(1:7.2), ranging between 0.07 and
0.25 (SD 0.06); at the deep end, it
was 0.27 (1:4.2), ranging between
0.12 and 0.37 (SD 0.08). Differences
were statistically significant (P <
.001). No correlation was observed
between bone area percentage and
lamellar:woven bone ratio (correla-
tion coefficient test).

Discussion

R-HA, a microporous, nonceramic
alloplast that resorbs slowly over
time, has been used successfully for
periodontal treatment,'? osseous
repair,’13 and sinus lift proce-
dures.81417 Physiochemically and
crystallographically, it is equivalent to
human bone. In vitro, R-HA has
shown biocompatibility by support-
ing cell growth and fibroblast metab-
olism, including collagen produc-
tion. It is also superior to ceramic
hydroxyapatite in cell viability per-
centage, thus proving biologically
and physically to be an appropriate
alloplast material.?” A three-dimen-
sional configuration of R-HA pro-
vides more space between particles
when nonceramic R-HA is compared
to ceramic hydroxyapatite by their
structures. These spaces could facil-
itate cellular and tissue proliferation
within the grafted material, thus
enhancing faster osseointegration?’;
however, in vivo studies do not
always confirm in vitro studies.
What is important is the implant
success rate over time. A 98% cumu-
lative success rate over 5 years has
been found with pure alloplasts,®
similar to that reported with R-HA."”
However, better results were ob-
tained with the two-stage approach
when simultaneous implant place-
ment was compared to delayed
placement.? In the present study, all
implants were successful. A one-
stage procedure was not carried out
in an atrophic residual ridge of less
than 3 mm in height. In a sinus con-
sensus report,” four of 163 implants
failed during the first year, ie, before

loading. Therefore, in the present
study, the predictable 12-month suc-
cess rate of implant integration to
the augmented sinus could be sta-
ble and valid for the long term, de-
pending on the type of augmenta-
tion material used.

Follow-up radiographs of the 10
sites disclosed the relative opacity of
the augmented area occupied by
the mineral. The diminished radi-
olucent sinus space was clearly dis-
tinguishable from the augmented
site. Where the two-stage approach
was used, the implant osteotomy
site was prepared through solid,
hard, condensed tissue.

Histologically, R-HA particles
were evident in all specimen core
sections. While bone and marrow
tissue varied in quantity, the mineral
particles maintained their captured
areas. Although elongated cubiod
cells, ie, osteoblasts, were not seen
between the mineral clusters and
the deposited bone, the particles
were surrounded primarily by new
bone in different stages of matura-
tion. However, although rarely ob-
served, fibrous encapsulation of
some grafted particles could not be
ruled out. The dominant presence of
the R-HA particles in the augmented
sites at 12 months also showed that
these particles serve as a long-term
mineral reservoir.

A significant difference between
the osseous tissue percentage at the
lateral and deep ends of the 10 spe-
cimens was shown when the point-
counting technique was used.?223
The lateral/external area, which was
covered by a biologic barrier mem-
brane, probably suffered from lack of
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nourishment at the early stage of
healing. Micromovements could also
be a determinant factor.?8 The deep
areas received nourishment from the
Schneiderian membrane as well as
from the neighboring osseous walls,
which could partially explain the
higher osseous area fraction at the
deep side compared to the lateral
one. Likewise, when analyzing the
lamellar:woven bone ratio in a sinus
augmented by demineralized bone
matrix,2? lamellar bone was noted
near the maxillary host bone, where-
as woven bone was in the vicinity of
the grafted material. Since fewer R-
HA particles were present at the
deeper areas, this could also explain
the increase of lamellar bone at the
deep augmented site. Woven bone
always precedes lamellar bone in
the course of ossification and is rec-
ognized by an unorganized mor-
phology of collagen fibers.30 Lamel-
lar bone is featured in concentric
layers containing collagen in orga-
nized parallel arrays.

Both bone types can be distin-
guished with polarizing lenses.
Picrosirius red-stained slides under
polarized-light microscopy demon-
strated differences in polarization
colors of collagen fibers in different
samples. The color profile is related
to the physical aggregation of colla-
gen. Green to green-yellow corre-
sponds to poorly organized colla-
gen fibers, whereas an orange-
reddish color corresponds to well-
packed fibers.?’3" The shift from
green to reddish color indicates an
increase of physical aggregation of
collagen fibers and a higher degree
of ordering in the remodeling

process. Since deposition and min-
eralization occur faster in woven
bone, the difference in lamellar:
woven bone ratio at the lateral and
deep sides indicates that the matu-
ration process occurred from a cen-
tral to peripheral direction. However,
in the present study, most of the
examined sections consisted of
woven bone, indicating the delayed
remodeling process of lamellar
bone.?

Covering the augmented sinus
site by a biologic barrier membrane
is a well-documented treatment.33:34
The membrane promotes cortical-
ization and maturation® at the pre-
viously removed lateral bony wall of
the sinus.

As a filler material, R-HA exhib-
ited biocompatibility and osteocon-
ductivity in sinus augmentation pro-
cedures. Bone area fraction and
remodeling (ie, osseous lamellar
arrangement) increased in a lat-
eral/deep direction toward the vicin-
ity of the Schneiderian membrane.
Immediate or delayed implant
placement in this augmented site
resulted in successful osseointegra-
tion in a predictable manner.
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