Histologic and Histomorphometric Analysis at 26 Months of
a Bovine Hydroxyapatite Maxillary Sinus Graft:

A Case Report

Hadi Antoun, DDS'
Joseph Eid, DDS?

— Ons Zouiten, DDS?
79

A variety of biomaterials are used when performing sinus augmentation
techniques. Bovine hydroxyapatite (BH) has already been demonstrated to
present osteoconductive properties. The aim of this article is to provide a
histologic and histomorphometric analysis, at 26 months, of a bone specimen
extracted from a BH maxillary sinus graft. Histomorphometric results showed
64.4% bone density and 24.4% biomaterial density. Histologic analysis revealed
marked bone formation and high osteoconductive properties in the BH particles,
with no associated signs of inflammation. Resorption appeared minimal. BH
seems to present high biocompatibility and osteoconductive properties. Int
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When performing posterior eden-
tulous maxillary rehabilitation, the
most prevalent difficulty stems from
inadequate bone volume resulting
from pneumatization of the maxillary
sinus and alveolar bone resorption.
Enhancement of the maxillary sinus
floor, first described by Boyne and
James in 1980, enables placement
and stabilization of dental implants
once bone volume is rendered ade-
quate. A number of authors have al-
ready arrived at the conclusion that
this bone augmentation method ap-
pears valid and effective.??

Numerous bone substitutes
have been used in sinus augmen-
tation procedures.*¢ While au-
togenous bone™? coupled with
histomorphometric analysis remains
the benchmark for comparing re-
spective success or clinical survival
rates, these criteria presents some
drawbacks, including donor site
morbidity risk and frequent need
for extrabuccal extraction, requiring
general anesthesia and hospitaliza-
tion. Furthermore, this procedure is
rarely psychologically well received
by patients. A number of bone
substitute materials, such as allo-
genic'®" or alloplastic'®"* graft and
xenogenous graft,'®'4'> have there-
fore been tested. The ideal mate-
rial should be biocompatible and
gradually replaced by newly formed
bone, with osteoconductive and
-inductive'® properties.
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Bovine hydroxyapatite is used as
a substitute for autogenous bone in
maxillary sinus graft!” This bone, of
bovine origin, is deproteinized and di-
vested of all organic constituents and
closely matches human bone tissue.
An absence to date of any reports of
immune reaction points to this mate-
rial being perfectly biocompatible.
It also demonstrates osteoconduc-
tive properties®'® with no attendant
Study
results pertaining to degradation

inflammatory  response.’?-?'
vary, ranging from no resorption’® to
extremely slow resorption®'® or—a
much rarer occurrence—resorption
followed by rapid replacement with
newly formed bone.”

Despite encouraging and suc-
cessful results, long-term histologic
studies examining the use of bovine
hydroxyapatite (BH) for sinus aug-
mentation procedures in human sub-
jects are rare—although present—in
the literature.””.2224 This article is in-
tended to provide a histologic and
histomorphometric case analysis, at
26 months, of a maxillary sinus graft
performed using BH.

Materials and Methods

A 49-year-old woman presented
with left unilateral posterior maxil-
lary edentulousness in the molar
area (Fig 1) and underwent lateral
maxillary sinus augmentation in
February 2006. Clinical and radio-
logic examinations revealed 2 to
4 mm of residual subsinus bone
height, which required preimplant
bone augmentation. A computed
tomography scan confirmed mid-
meatus permeability, no sinus pa-

thology, and a healthy-looking sinus
membrane of normal thickness. No
clear indication of a pronounced
bony septum was seen. Based on
the Misch classification, this sinus
would be ranked SA4.% The pa-
tient was a nonsmoker and did not
present any specific health-related
problems.

Surgical Procedure

Following administration of local
anesthesia, an incision was made
on the edentulous crest along with
a complementary anterior vertical
incision. A full-thickness mucoperi-
osteal flap was elevated, and the
alveolar ridge and the maxillary ex-
ternal wall were exposed. Lateral ac-
cess was enabled by performing an
osteotomy using a round burr and
thoroughly irrigating the area with
a sterile saline solution. The sinus
membrane was carefully lifted up-
ward using foam-tipped instruments
with varied curves until it was fully
detached from the anterior, poste-
rior, and medial walls. No tears in the
sinus mucosa were observed during
the procedure (Fig 2). The bone win-
dow was detached and later crushed
and affixed to the maxillary sinus
anteroinferior wall. The bone sub-
stitute material (2 g 0.25 to 1-mm
particle size Bio-Oss, Geistlich) was
mixed with physiologic saline and
then gently compacted in the resul-
tant sinus cavity to its medial wall.
A resorbable membrane (Bio-Gide,
Geistlich) was used to cover the win-
dow to prevent connective tissue
ingrowth in the graft area. The flap
was then repositioned and sutured.

Suture removal was performed 2
weeks postsurgery. During the pre-
and postoperative phases, ben-
zodiazepam (20 mg 1 hour prior),
amoxicillin/clavulanic acid 2 g 1
hour prior, followed by 2 g daily for
7 days), prednisone (80 mg 1 hour
prior, 60 mg the next day, and 40 mg
on the second day postsurgery), and
chlorhexidine 0.2% mouthrinse (3
times daily for 2 weeks) were admin-
istered to the patient.

Implant placement had been
scheduled for 6 months postsurgery.
For personal reasons, however, the
patient was unavailable for this pro-
cedure until 26 months had elapsed.
Cone beam computed tomography
was used to verify maxillary sinus
permeability and radiologic integra-
tion of the graft material.

Two 5 X 13-mm nonsubmerged
implants (Replace Select Tapered,
Nobel Biocare) were placed at the
sites of the maxillary left first and
second molars, and final abutments
(0.5 mm Snappy WP, Nobel Biocare)
were connected and tightened to
35 Nem (Fig 3).

In the case under discussion, a
bone core was extracted, once pa-
tient approval had been secured,
using a 3-mm (outer diameter) tre-
phine (Fig 4). The resultant bone
biopsy specimen was maintained
intact in the trephine to prevent
bone tissue scattering without sub-
sequent changes in dimensions.

The specimen was fixed in 4%
buffered formalin and subsequently
dehydrated and embedded in poly-
methylmetacrylate

resin  without

prior decalcification  (Laboratoire
Biomatech). A longitudinal slice,

created using application-specific
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Fig 1 Preoperative clinical and radiologic
examination. (a) Clinical examination
showing the absence of the maxillary left
first and second molars. (b) Radiologic
examination revealed a prominent sinus.
Dental implants could not be stabilized
without bone augmentation prior to
implant placement. (c) 3D radiologic
examination, highlighting mid-meatus
permeability. The sinus membrane was
of normal thickness and had a healthy
appearance, and residual bone height was
between 2 and 4 mm.

Fig 2 Perioperative clinical view. (a) A
lateral access window was created via
osteotomy. Sinus mucosa was carefully
lifted upward. No tears were observed.
(b) Biomaterial (BioOss, Geistlich) was
gently compacted into the space thus
created. The access window was then
covered with a resorbable membrane
(BioGide, Geistlich).

equipment (EXACT Micro Cutting
System), was then ground and pol-
ished, deploying the technique de-
scribed by Donath and Breuner.? A
Paragon stain was then applied to
the bone segment to facilitate quali-
tative, semiquantitative, and quanti-
tative histologic analysis.

The slice underwent qualitative
examination under a Nikon Eclipse

E600 microscope equipped with
X2, X4, x10, %20, and x40 lenses,
connected to a Nikon DN 100 digi-
tal camera. The histomorphomet-
ric analysis was conducted using
a microscope (AXIOSKOP, Zeiss)
equipped with x5, X10, x20, and
x40 lenses, as well as a Samba im-
age analysis system (Samba Tech-
nologies).

The following parameters were

quantified:

¢ Density of graft material,
bone tissue, fibrous connective
tissue, and bone lacunae

e Percentages of contact between
graft material and, respectively,
surrounding bone, fibrous
tissue, and bone lacunae
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Fig 3 Implant placement and postproce-
dure follow-up. (a) Panoramic view of ra-
diologic examination following sinus graft.
(b) Clinical view of dual implant placement
(Nobel Biocare) at the site of the maxil-
lary left first and second molars as of final
abutments. (c) Postoperative retroalveolar
radiograph. (d) Clinical view: Final check
of crowns placed subsequent to implant
osseointegration. (e) Radiograph taken 18
months after implant placement.

Fig 4 Bone core extracted using 3-mm (outer diameter)
trephine in grafted maxillary sinus. (a) This bone biopsy
specimen was kept intact in the trephine to minimize bone
tissue scattering as much as possible and avoid any resultant
changes in dimensions. (b) 3D radiologic examination
demonstrating a well-integrated graft as well as the implant.

Fig 5 Histologic slices of biopsy specimen taken 26 months post-sinus graft (slice was ground, polished, and fixed in Paragon).

(a) Longitudinal view of the entire core showing BioOss particles (BOP), new lamellar bone (NLB), and small lacunar spaces (LS).

(b) Longitudinal slice (created using trephine). Enlarged X 4. Majority of Bio-Oss particles (BOP) are surrounded by newly formed concentric
lamellar bone (NLB). Presence of lacunae (LS) was minimal. No immune reaction was observed. (c) Enlarged X 10. Osteoblasts (OB) deposited
newly formed bone directly onto the biomaterial surface. No lacunar spaces (LS) were observed in the bone/biomaterial interface.
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Results

The semiquantitative histologic anal-
ysis shows low degradation of the
material but excellent osseointegra-
tion, a good amount of new bone
with good bone remodeling, and
osseoconduction. Very few lympho-
cytes and vessels were observed.
This analysis did not show polymor-
phoclear cells, plasma cells, marcro-
phages, giant cells, osteoclasts, or
fibrocytes. No fibrin or fibronectin
was found and no necrosis or de-
generation was observed.

The analysis of the histomorpho-
metric parameters demonstrated
that the presence of newly formed
bone was highly evident. Also ob-
served was strong evidence of
64.4% bone tissue growth, achieved
by osteoconduction through bone
The
formed bone was in direct contact

substitute  granules. newly
with the Bio-Oss particles, which in
turn had fully integrated with the
bone tissue, achieving 88.3% bone-
to-particle contact. Bone formation
was advanced (Fig 5). No biologi-
cally significant level of immune re-
action was noted, and the presence
of osteoblasts and a vascular system
was also observed.

Fibrous connective tissue and
lacunae density (2.3% and 8.9%,
respectively) appeared quite low,
which demonstrates highly limited
contact in the biomaterial interface
(5.2% and 6.5%, respectively). No
osteoclasts or resorption lacunae
were apparent. Granule resorption
appeared to be minimal: graft mate-
rial density was 24.4%.

Discussion

A histologic analysis involving hu-
man subjects (20 patients) who un-
derwent sinus augmentation using
Bio-Oss was conducted by Piatelli
et al'” over a period of 6 months
to 4 years. The authors noted that
most of the biomaterial particles
are surrounded by compact, mature
bone. Contact between small newly
formed bone and blood vessels,
mesenchymal cells, and osteoblasts
were observed. Analysis of speci-
mens after 18 months also revealed
the presence of osteoclasts involved
in the slow resorption of bone sub-
stitute particles.

Histomorphometric assess-
ments have been conducted by a
number of authors examining the
proportion of newly formed bone
following a BH sinus graft. The av-
erage rate of newly formed bone
observed by Yildirim et al¥ was
14.7% at 6 months, while Valentini
et al?® reported a 27.5% rate at 12
months and Artzi et al?? a 42.1% av-
erage rate for the same period. Lee
et al?® compared healing at 6 and 12
months, using the same specimens,
and noted a significantly higher av-
erage rate of new bone formation at
12 months (26.6%) than at 6 months
(18.3%). Similarly, the average per-
centage of bone-to-particle contact
was significantly higher at 12 months
(42.2%) than at 6 months (31.8%).
In a more recent study, Lee et al*°
found that the average for regener-
ated bone was 19% at 9 months.

In the present clinical case, the
density of newly formed bone 26
months following sinus augmen-
tation was 64.4%. Compared to

the above-cited studies, this bone
density appears to increase sig-
nificantly with the passage of time.
The histomorphometric assessment
conducted by Traini et al* 9 years
post-BH maxillary sinus graft result-
ed in a finding of 46% = 4.67% new-
ly formed bone. These results were
lower than in the present study. The
authors note a positive correlation
in this regard over time, since the
increase in new bone formation was
even more pronounced after 9 years
compared to the results obtained
by Qiu et al*" at 3 to 8 months and
by Scarano et al*? at 1 to 4 years.
The present results are compara-
ble to those achieved by Sartori et
al®? at 2 years, demonstrating that
new bone formation essentially ap-
pears to increase during the first
two years, followed by a slowdown
in subsequent years. This should
be confirmed via larger samplings
and specimens extracted from the
same patients, which would present
ethical problems. A comparison of
histomorphometric data was per-
formed by Sartori et al?? at 8 months,
2 years, and 10 years postsurgery.
At 8 months postprocedure, the
average quantity of bone tissue ob-
served (including medullar spaces)
in 20 distinct thin slices was 29.8%
+ 2.6%. Bone tissue had increased
to 69.7% * 2.7% at the 2-year mark,
and to 86.7% = 2.8% after 10 years.
A comparison of averages at each
interval pointed to a highly signifi-
cant trend toward increased bone
formation related to gradual resorp-
tion of Bio-Oss. All three specimens
(8 months, 2 years, and 10 years)
revealed Bio-Oss particles fully sur-
rounded by newly formed lamellar
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bone and presenting slow resorp-
tion. Ohayon3* compared the histo-
morphometric results at 6 months
and 5 years postsurgery on the
same human clinical case and found
21.1% and 44 % of newly formed
bone, respectively.

In the literature, Bio-Oss par-
ticle resorption is a controversial
topic. McAllister et al** observed a
62% increase in new bone forma-
tion in animals at 7.5 months, rising
to 70% at 18 months, while the per-
centage of bone substitute particles
decreased from 19% to 6% during
the same period, prompting their
suggestion of BH particle resorption
and replacement by newly formed
bone. Wallace et al*® observed a
complete disappearance of inor-
ganic bovine bone at the 20-month
mark. Conversely, Lee et al® did not
report any osteoclastic activity in hu-
man specimens after 12 months, nor
did they observe any significant dif-
ference in BH particle rates between
specimens at 6 and 12 months. Simi-
larly, Yildirim et al?”:3¢ observe no re-
sorption and suggest a slow rate of
BH particle resorption, comparable
to that of physiologic bone remod-
eling. Traini et al?** perceive BH as
a biomaterial that demonstrates a
very slow resorption rate and ten-
tatively attribute this finding to in-
hibition of osteoclastic activity in
the BH particle microenvironment,
attributable to a high concentration
of Ca2+ ions in this area. Finally, Val-
entini et al”® note that the absence
of BH particle resorption does not
interfere with implant osseointegra-
tion, since the implant surface does
not come in contact with the bone
substitute particles, which therefore

remain at a distance. In the subject
case of this report, the intrinsic bone
growth (64.4%) and reduced mate-
rial density (24.4%) point to slow
bone substitute particle resorption
despite the observed lack of osteo-
clastic activity.

This slow resorption is interest-
ing from a clinical and a radiologic
standpoint, since it enables graft
stability over time while suppress-
ing sinus pneumatization. These two
conditions were essential to ensur-
ing the feasibility of treatment for
this patient and for implant place-
ment 26 months postgraft.

Conclusions

Histologic and histomorphometric
results obtained in the present case
reveal significant new bone forma-
tion, which supports the use of BH
particles as a bone substitute in
maxillary sinus bone augmentation.
The tissue analyzed in this study is
composed of graft particles that
are closely related to the newly
formed bone. Biomaterial residual
particles appear to be surrounded
and connected by bone tissue.
the limitations
of this clinical case study, it can be
deduced that the volume of newly
formed bone grows with time. The

Notwithstanding

elevated osteoconductive proper-
ties observed in the BH particles
do not interfere with the usual bone
healing process and appear to pro-
mote new bone formation. Resorp-
tion of these elements appears
minimal over 26 months of healing,
which enabled the conservation of
increased bone volume and treat-

ment of this patient in optimal con-
ditions despite the significant lapse
in time between sinus filling and im-
plant placement. These results will
need to be confirmed through pro-
spective and retrospective studies.
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