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Comparison of Mineralized Cancellous
Bone Allograft (Puros) and Anorganic
Bovine Bone Matrix (Bio-Oss) for Sinus
Augmentation: Histomorphometry at 26
to 32 Weeks After Grafting
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The present blinded, randomized, controlled investigation histomorphometrically evaluated
the vital bone formed following bilateral grafting with two different materials—Puros, a min-
eralized cancellous bone allograft (MCBA), and Bio-Oss, an anorganic bovine bone matrix
(ABBM)—at 26 to 32 weeks following graft placement. Thirteen patients were selected who
required bilateral sinus augmentation. Following elevation of the lateral sinus walls, one
material was placed in the right sinus and the other in the left sinus, as determined by ran-
domized choice. Twenty-six to 32 weeks after grafting (the same time frame was used for
each individual patient), a trephine core was taken from the previously elevated lateral wall
area and sent for histomorphometric analysis. Cores were obtained from 22 healed sinus
augmentations in 11 patients. Eight patients provided bilateral cores, two patients had intact
MCBA cores but inadequate ABBM cores, and another patient had an intact ABBM core but
an inadequate MCBA core. Histomorphometric analysis of 10 MCBA cores and 9 ABBM
cores revealed average vital bone content of 28.25% and 12.44%, respectively. The average
percentage of residual nonvital bone was 7.65% in the MCBA cores and 33.0% in the ABBM
cores. Significantly more bone was formed in the MCBA sites (n = 8 patients, paired t test).
Histologically, both MCBA and ABBM particles were surrounded by new bone, osteoid, and
osteoblasts. A higher average percentage of new vital bone was seen around the MCBA
particles than around the ABBM particles. (Int J Periodontics Restorative Dent
2006;26:543-551.)
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The subantral augmentation (sinus lift)
procedure is a well accepted and pre-
dictable method of increasing the vol-
ume of bone to facilitate the placement
of implants in areas of the posterior
maxilla with insufficient bone quantity
and/or quality."2 The original sinus aug-
mentation protocol utilized autogenous
bone from either intracral or extraoral
sources.>* However, the use of auto-
genous bone requires a second surgi-
cal site and thus increases the duration
of surgical intervention, surgical risk,
and postsurgical morbidity, since heal-
ing is required at multiple sites.

Mineralized cancellous bone allo-
graft (MCBA) has been used for graft-
ing in multiple intraoral applications
such as periodontics (infrabony de-
fects),>® oral surgery (extraction
sites),”” and implant dentistry (ridge
augmentation).’%1 MCBA is a human
bone product obtained from cadavers
and then processed and sterilized. A
solvent-dehydrated form of this graft
material, Puros (Zimmer Dental), pro-
duced with a new processing tech-
nique (Tutoplast, Tutogen Medical), is
currently being used as a bone
replacement for sinus augmentation
procedures. 1214
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Anorganic bovine bone allograft
{Bio-Oss, Ostechealth) (ABBM) is a bone
substitute that is manufactured from
bovine bone mineral, which is then
processed and sterilized for use in intra-
oral grafting procedures. It is composed
of only the mineral portion of bone. Two
recently published evidence-based
systematic reviews concluded that the
results of sinus augmentations with
xenografts are the most complete and
well-documented in the published peer-
reviewed literature.!? Both of the graft-
ing materials used in this study, MCBA
and ABBM, have been approved by
the Federal Drug Administration for
use as sinus grafting materials.

The purpose of this prospective,
blinded, randomized, controlled inves-
tigation was to compare the efficacy of
solvent-dehydrated MCBA to ABBM in
producing vital bone by 26 to 32
weeks following sinus augmentation.

Method and materials

Thirteen subjects (five men and eight
women) were selected from those pre-
senting to the Department of
Periodontology and Implant Dentistry
at New York University Kriser Dental
Center who desired maxillary posterior
implants and who did not have suffi-
cient bone for the procedure. Each of
these subjects required bilateral sub-
antral sinus grafting to be eligible for
this study. Less than 5 mm of crestal
bone had to be present below the
sinus floor, as determined by an axial
computerized tomographic {CT) scan,
for the patient to be considered for
inclusion in this study. The age range
was 46 to 75 years (mean, 59 years).

There were no limitations to enroll-
ment by gender, race, ethnicity, or
health status of the subject except
those listed under the exclusion crite-
ria. Subject exclusion criteria included
patients who could not undergo stan-
dard oral surgery procedures for any
reason, patients who smoked more
than 10 cigarettes per day, and women
who were pregnant or nursing a child.

Diagnosis and surgery

The diagnostic and surgical proce-
dures were as follows:

1. The diagnosis included the need
for implants and a sinus aug-
mentation procedure with the
aid of panoramic radiographs
and CT imagery.

2. The study was presented to the
subjects, and both verbal and
written informed consent were
provided and accepted by the
New York University School of
Medicine Institutional Board of
Research.

3. Each subject was required to
take 500 mg amoxicillin (Teva
Pharmaceuticals) 1 hour prior to
surgery. For patients allergic to
amoxicillin, 300 mg of clin-
damycin (Watson Laboratories) 1
hour prior to surgery was sub-
stituted.

4. Local anesthesia was adminis-
tered (lidocaine hydrochloride
2% with 1:100,000 epinephrine
or mepivacaine/carbocaine 3%
without epinephrine [Abbott
Laboratories)).

Afull-thickness flap was reflected,
exposing the lateral wall of the
sinus.

A hinge or complete osteotomy
of the lateral sinus wall was
performed, as circumstances
dictated.

The osseous wall and sinus
membrane were elevated. If the
bony window was removed to
facilitate elevation of the mem-
brane, it was not added to the
grafted bone.

MCBA was placed in one sub-
antral compartment and ABBM
was placed in the contralateral
subantral compartment. The
mixture for each material was
composed of 50% 0.25- to 1.0-
mm particles and 50% 1.0- to
2.0-mm particles. A computer-
generated randomized code
was used to determine test and
control sites. Depending on the
sinus anatomy, 3 to 10 g of
material were placed into each
sinus. Depending on the patient
and complexity of surgery, the
sinus augmentations were per-
formed simultaneously or at two
separate appointments. The
second surgery had to be per-
formed no later than 6 to 8
weeks after the first surgery.

A synthetic bioabsorbable colla-
gen membrane (BioMend
Extend, Zimmer Dental) was
hydrated for 1 to 5 minutes in
sterile saline prior to insertion and
placed over the lateral window.
The membrane was extended at
least 3 mm beyond the limits of
the prepared window and
pressed against the bone.
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10. Primary closure of the flap with
silk (Ethicon), polyglactin 910
(Vicryl, Ethicon), or expanded
polytetrafluoroethylene (Gore-
Tex, W.L. Gore and Associates)
sutures was performed as part of
each procedure.

11. Provisional fixed or removable
appliances were relieved over
the edentulous area prior to
reinsertion.

12. Following surgery, subjects were
placed on antibiotic coverage
(amoxicillin 500 mg three times
daily or clindamycin 150 mg four
times daily, for 10 days),
depending on the subject’s his-
tory of drug allergy, and anal-
gesics for pain relief (aceta-
minophen with codeine #3 [30
mg codeine phosphate] or #4
[60 mg codeine phosphate]),
OMP Division, Ortho-McNeil
Pharmaceutical, or ibuprofen
600 mg every 6 hours, McNeil-
PPC). Rinses with 0.12%
chlorhexidine digluconate
(Peridex) twice daily for 2 weeks
were also prescribed.

13. At stage 1 surgery, when
implants were being placed (fol-
lowing a 26- to 32-week healing
phase), a trephine core sample
(10 mm in length and 3 mm in
diameter) was retrieved near the
superior position of the original
lateral window osteotomy. This
technique ensured that the
cores were taken from the most
central area of the graft, where
the healing bone is considered
to be the least mature. The cores
were obtained from both study
and control sites by one of the

investigators in such a manner as
to avoid compromise of future
implant placement. Regardless
of the time of sinus lift surgery,
whether both lifts were done on
the same day or as two sepa-
rate procedures, the postsurgi-
cal timing of core harvesting was
the same for both sinuses.
Antibiotics and analgesics were
prescribed with the same regi-
men that had been prescribed
for the sinus lift surgery.

14. Sutures were removed 7 to 10
days postsurgery.

15. Blinded histomorphometric
analysis was performed on the
bone core samples to determine
the vital bone content, connec-
tive tissue content, and residual
graft material content. Specimen
preparation and histologic and
histomorphometric evaluation
followed procedures that have
been previously described.>1

Statistical analysis

Statistical analysis consisted of aver-
ages and ranges for percent total bone
volume, percent vital bone, percent
connective tissue, and percent mar-
row. Thirty sections (three from each
core) from the Puros (test/MCBA
group) and 27 sections from the Bio-
Oss (control/ABBM group) were eval-
uated. The analysis also included a
paired t test to evaluate each of the
above parameters in the eight bilateral
cases in which the grafts were allowed
to heal for the same time prior to core
extraction.

Results

Thirteen bilateral sinus augmentations
were performed on 13 patients. Two
patients were withdrawn from the
study because of failure to obtain the
required core specimens within the 26-
to 32-week postsurgical time frame,
as was specified in the protocol. Cores
were obtained 26 to 32 weeks post-
surgery from 22 healed sinus aug-
mentations in 11 patients. Eight
patients provided bilateral cores. Two
other patients had intact MCBA cores
but inadequate ABBM cores. Another
patient had an intact ABBM core but
an inadequate MCBA core. In these
patients these cores were obtained
but could not be processed because
they broke up into pieces when
attempting to remove them from the
trephine. One patient had bilateral
cores obtained after 26 weeks. All
other cores were taken 29 to 32 weeks
after sinus augmentation surgery, at
the time of implant placement. Small
schneiderian membrane perforations
that occurred during surgery were
reported in 29% of the treated sinuses
(six sinuses in the MCBA group and
one sinus in the ABBM group). All per-
forations were repaired with collagen
membranes (BioGide, Osteohealth, or
BioMend, Zimmer Dental).
Histomorphometric analysis of the
10 MCBA cores revealed a 35.90%
average total bone volume, of which
an average of 76.90% was vital. This
resulted in an average vital bone con-
tent of 28.25% (range, 8% to 51%).
Similar analysis of the nine cores taken
from the ABBM-grafted sinuses
revealed an average of 12.44% bone
content (range, 5% to 24%), all of
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Lt 1N Histomorphometric results of core samples taken from sinuses augmented with MCBA
(Puros) and ABBA (Bio-Oss)
Total % % % vital % % residual Time of core

Sample type/no. bone volume vitality bone marrow graft removal (wk)
Puros

1 51 100 51 49 0 31

2 39 100 39 61 0 30

3 38 94 36 62 2 32

4 NP = == — — =,

5 29 83 24 71 5 32

6 29 29 8 71 21 26

7 32 73 23 68 9 30

8 46 96 44 54 2 30

9 21 94 20 79 1 30

10 5377 69 26 63 11 30

11 37 31 11 63 26 29

Mean 35.90 76.90 28.25 64.10 7.65 ==
Bio-Oss

1 NP = — = — =

2 5 100 5 45 50 30

3 NP — — = = =

4 24 100 24 46 30 32

5 12 100 12 51 37 32

6 5 100 5 70 25 26

7 9 100 ) 57 34 30

8 25 100 25 57 18 30

9 5 100 5 69 26 30

10 21 100 21 40 39 30

1" 6 100 6 56 38 29

Mean 1244 100 12.44 54.56 33.00 =

NP = core taken but could not be processed.

which was vital. The average percent-
ages of marrow and connective tissue
were 64.10% and 54.56%, respectively,
for the MCBA- and ABBM-treated
sinuses. Analysis of the cores from
ABBM-treated sinuses revealed an
average residual xenograft material of
33.0%. Analysis of the cores from the
MCBA-treated sinuses revealed an
average of 7.65% residual nonvital
bone (Table 1). A paired t test of the
eight bilateral sinus lifts with each
material (ABBM and MCBA) allowed to
heal for identical periods of time prior

to core extraction revealed the follow-
ing statistics:

1. Total % bone volume: t(7) =
9.465, P < .001

2. % vital bone: t(7) = 3.757, P =
.007

3. % marrow: t(7)=3.354, P=.012

4. % residual graft: t(7) = —4.859,
P=.002

Al are significant.
From a histologic point of view,
both ABBM and MCBA particles

appear to be osteoconductive.
Osteoblasts and osteoid were seen in
conjunction with new bone formation
around the ABBM particles (Figs 1ato
1c). The MCBA particles were sur-
rounded by greater amounts of new
bone and osteoid (Figs 2a to 2d).

Discussion
Bone replacement materials have

been used in the sinus lift procedure to
avoid the drawbacks inherent in the
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Fig 1a Low-power view of numerous par-
ticles of Bio-Oss (B) of various sizes. Bridges
of newly formed bone (NB) can be seen
among the particles in areas where the par-
ticles are close to each other, forming a can-
cellous bone pattern. The Bio-Oss particles
are partially surrounded by bone (Stevenel's
blue and Van Gieson’s picro fuchsin; X 25).

Fig 1b  High-power view of new bone for-
mation (NB) between particles of Bio-Oss
(B). Osteoblasts (OB) line osteoid (OS) in an
area of new bone formation (Stevenel’s blue
and Van Gieson’s picro fuchsin; X 100).

Fig 2a (left) Low-power view of a core
showing trabeculae in which the Puros par-
ticles (P) are generally incorporated into the
newly formed bone (NB). Arrows indicate
interface between Puros particles and new
bone (Stevenel’s blue and Van Gieson’s
picro fuchsin; X 25).

Fig 2b (right) Medium-power view showing
how well the Puros particles (P) are incorpo-
rated into the newly formed bone (NB) tra-
beculae. Arrows indicate interface between
Puros particles and new bone (Stevenel’s
blue and Van Gieson’s picro fuchsin; X 40).

Fig 2¢c (left) High-power view of new bone
formation (NB) among particles of Puros (P).
Osteoid material (OS) lines the new bone.
Arrows indicate interface between Puros par-
ticles and new bone (Stevenel’s blue and
Van Gieson'’s picro fuchsin; X 100).

Fig 2d (right) Polarized view of the previ-
ous high-power image emphasizing the dif-

~ ference in pattern and rnaturity between

Puros (P) and newly formed bone (NB).
Arrows indicate interface between Puros par-
ticles and new bone (Stevenel’s blue and
Van Gieson’s picro fuchsin; X 200).

Fig 1c  Very high-power view of newly
formed bone (NB) bridges between parti-
cles of Bio-Oss (B). New bone is forming in
the haversian canal area (arrows) of the Bio-
Oss (Stevenel’s blue and Van Gieson’s picro
fuchsin; X 200).
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harvesting of autogenous bone. They
have been shown to be effective and
have demonstrated high implant sur-
vival rates. These graft materials
include: allografts'® (both mineralized
and demineralized), xenografts'/1720
(from different species, usually bovine),
and alloplasts?’%? (synthetic). The lit-
erature shows a wide range of results
with different grafting materials.?3-32
This is the first randomized con-
trolled clinical trial to report on a direct
comparison of an MCBA to an ABBM
in sinus augmentation. The present
study used a bilateral sinus protocol
utilizing the lateral wall (hinged window
or complete osteotomy) technique as
described by Smiler,3? with the same
barrier membrane placed over the
windows. The difference in the graft
material was the only study variable.
However, even in this model, factors
such as difference in the size and mor-
phology of the sinuses, the amount of
residual crestal bone, and operator dif-
ferences remain as potential variables.
As established in previous studies, the
cores were coded and sent to a
histopathologist, who was blinded as
to the augmentation material used.
For the clinician, the decision as to
which material to use in sinus aug-
mentations is based on the survival
rate of implants placed in these grafted
sinuses. Studies by Valentini et al,'?
Hising et al,** and Hallman et al®
showed a higher survival rate of
implants placed in sinuses grafted with
100% xenografts than in sinuses
grafted with 100% autogenous bone
or composite grafts of xenograft and
autogenous bone. A recent retro-
spective study reported an overall sur-
vival rate of 94.5% after a mean func-

tioning period of 6.5 * 1.9 years. The
implant survival rate for sinuses grafted
with 100% ABBM was 96.8%, com-
pared to a 90% implant survival rate for
sinuses grafted with a mixture of ABBM
and demineralized freeze-dried bone. 3
In two separate systematic reviews
of the sinus augmentation procedure
by Wallace and Froum' and Del
Fabbro,? the survival rate for implants
in sinuses augmented with xenograft
material was statistically the same or
higher than that forimplants in sinuses
grafted with xenograft and autoge-
nous bone and forimplants in sinuses
grafted with 100% autogenous bone.

Although the aforementioned
studies and reviews support the effi-
cacy of ABBM because of its unlimited
supply and safety, the clinician must
remember that xenografts are osteo-
conductive rather than osteoinductive,
and therefore the bone turnover rate
is slower than that of an autogeneous
graft. To achieve a similar amount of
vital bone as that reported with auto-
genous bone grafts, a longer healing
time is required.3:3 Thus, from a bio-
logic standpoint, the larger the sinus,
the longer the maturation time that is
required for a sinus grafted with a
xenograft alone to achieve a similar
level of vital bone as a sinus grafted
with autogenous bone.

The results of the present histo-
morphometric study indicate that a
greater average percentage of vital
bone was obtained at 26 to 32 weeks
postsurgery in the MCBA-treated sites.
Although this may not directly corre-
late to the survival of implants placed
in those treated sinuses, the percent-
age of vital bone formed is one indi-
cation of the performance of a bone

graft or bone replacement graft in an
augmented sinus. The formation of a
high percentage of vital bone in a rea-
sonable time period following aug-
mentation would indicate that a mate-
rial is suitable for grafting. The literature
shows a wide range of results when uti-
lizing ABBM alone as a sinus graft
material, with vital bone content rang-
ing from 2% to 33%.17:19.2835.38 | the
present study, the average percent-
age of vital bone at 26 to 32 months
after sinus augmentation with MCBA
(28.25%) exceeded that found in the
ABBM-grafted sinuses (12.44%) by
about 15%. Moreover, in a direct com-
parison of eight bilateral cases, the
total percentage of vital bone formed
was significantly greater in the MCBA-
treated sinuses than in the contralateral
ABBM-treated sinuses. All of the new
bone that was formed around the
ABBM particles showed 100% vitality.
The ABBM particles were not consid-
ered "bone.” This contrasts to the per-
cent of vital bone reported in con-
junction with the MCBA particles,
which ranged from 29% to 100%. This
discrepancy in vital bone reported with
MCBA derives from the fact that the
particles of nonresorbed MCBA were
considered nonvital bone when calcu-
lating the total vitality of the combina-
tion of MCBA particles and new sur-
rounding bone. The MCBA/new bone
complex, for example, in patient #3
consisted of 38% total bone volume
{(mineralized complex) present.
However, in this complex only 94%
was vital (new bone), which equates to
a total of 36% of vital new bone (in this
measured area).

Although the number of cases
included in the present study is too
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small to draw any general conclusion
as to the efficacy of one material com-
pared to the other, it is interesting to
note that in all bilateral cases the vital
bone formed using MCBA exceeded
that obtained with ABBM. In light of
this it is interesting to further examine
the MCBA used in the present studly.

The study material, {solvent-dehy-
drated) MCBA (Puros), is obtained from
cadaver bone and processed accord-
ing to American Association of Tissue
Banks standards using the Tutoplast
processing technique.’31437 The lat-
ter includes cleaning and ultrasonic
delipidization in acetone, osmotic
treatment in alternating baths with
varying concentrations of saline and
distilled water, oxidative treatment in
baths of hydrogen peroxide solutions,
dehydration in sequential acetone
baths, and treatment with limited-dose
gamma irradiation (17.8 Gy).'314

The Tutoplast process has been
shown to inactivate HIV and the agent
responsible for Creutzfeldt-Jakob dis-
ease.*1n an experimental study of tis-
sues from individuals who had died
from AIDS and hepatitis C, no infec-
tivity could be detected after this
method of processing.™

When compared to the ABBM-
treated sites, the greater presence of
vital bone in the MCBA-treated sites
may suggest a difference in osteo-
conduction capabilities.*'=** The
retained collagen in MCBA may be an
important aspect of its osteoconduc-
tive potential 4>/

In the present study, the fate of the
residual MCBA (7.65%) and ABBM
(33.0%) is unknown. However, a recent
clinical and histomorphometric study
comparing MCBA (Puros) with a 1:1

combination of decalcified freeze-
dried bone allograft (DFDBA) plus
ABBM (Bio-Oss) as a human maxillary
sinus graft material concluded that
"test-graft (MCBA) particles resorbed
and were replaced by new bone sig-
nificantly faster than were the control
(DFDBA + ABBM) graft particles. 48178
In that study, “newly formed bone”
was histomorphometrically calculated
to be 40.33% in the MCBA cores and
38.75% in the combination DFDBA +
ABBM cores. Residual graft material
averaged 4.67% in the MCBA cores
and 15.00% in the DFDBA + ABBM
cores.*8 The presence of these miner-
alized particles in both materials may
prevent the occurrence of repneuma-
tization (slumping), which has been
reported when 100% autogenous
bone or a 2:1 mixture of autogenous
bone and ABBM was used as the graft-
ing material.#’ Long-term follow-up
data following the placement of
implants in sinuses grafted with the
two materials used in the present study
is necessary to determine whether and
to what extent repneumatization
occurs and the long-term survival rate
of those implants.

In conclusion, based on this com-
parison of the histomorphometric heal-
ing response following the use of
Tutoplast-processed MCBA and
ABBM in sinus augmentation proce-
dures, MCBA material should be con-
sidered a viable alternative to the use
of 100% autogenous bone or 100%
ABBM.
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