COPYRIGHT © 2002 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS ARTICLE MAY BE
REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.

The International Journal of Periodontics & Restorative Dentistry

567
COPYRIGHT © 2002 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS ARTICLE MAY BE
REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.
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This article describes a clinical case report in which an autogenous intraorally harvested block graft was used in combination with particulate autogenous and inorganic bovine mineral for localized alveolar ridge augmentation. No barrier was
used above the graft material. Clinical evaluation revealed excellent integration
of the graft material to the recipient site, while histologic analysis indicated that
the block graft was vital and undergoing an active remodeling process. Excellent
integration of the inorganic bovine mineral with the newly formed bone was also
observed, suggesting that this material can be used as a filler for onlay grafting
procedures. (Int J Periodontics Restorative Dent 2002;22:567–573.)
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After dental implants were accepted
as a valid treatment modality for the
completely1,2 or partially3,4 edentulous patient, a variety of bone grafting techniques have been proposed
to place implants in patients lacking
adequate bone volume. Even
though the use of xenografts,5–8 alloplastic bone grafts,9,10 and allografts11,12 has provided positive
results, the use of autogenous bone
grafts represents the gold standard
for onlay bone grafting procedures.
Autogenous bone grafts can be harvested extraorally13–16 or intraorally17–22 and can be used in the form
of a block that is secured at the recipient site with fixation screws17–20 or
dental implants,13–16 or in particulate form in which a membrane barrier18,21,22 is typically used to secure
the graft particles in place.
The purpose of the current case
report is to provide clinical and histologic results of a case in which an
intraorally harvested intramembraneous block graft was used for localized alveolar ridge augmentation in
conjunction with an autogenous cancellous bone graft and inorganic
bovine mineral.
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Fig 1 Initial panoramic radiograph shows inadequate bone
height for the placement of root-form implants in the area of the
maxillary right first molar to first premolar.

Case report

Clinical report
A 67-year-old man presented at the
Center for Prosthodontics and
Implant Dentistry at Loma Linda
University seeking treatment for his
partial edentulism in the area of the
maxillary right first molar to first premolar (Fig 1). Clinical and radiographic examination revealed inadequate bone height and width for
the placement of root-form implants
(Fig 2). After discussing the various
treatment options, the decision was
made to proceed with an inlay/onlay
bone graft in the edentulous area
and place three root-form implants.
For the inlay bone graft, the
Schneiderian membrane was elevated after full-thickness buccal flap
reflection and after performing a circular osteotomy with a round bur
(Fig 3).23,24 Inorganic bovine mineral
(Bio-Oss, Osteohealth) was placed
into the sinus (Fig 4).25,26

Fig 2 Computerized tomography demonstrates inadequate bone
width in the area of the maxillary right premolars.

For the onlay bone graft, an
autogenous block graft was harvested from the right ascending
ramus area according to the technique described elsewhere (Fig 5).19
Briefly, the incision followed the
direction of the ramus, and a vertical
releasing incision was placed distal
to the area of the mandibular right
third molar. Full-thickness buccolingual flaps were reflected. Under
copious irrigation and by using a fissure bur, a block graft was harvested.
Additional bone marrow in particulate form was harvested from the
donor site with a curette; a collagen
hemostatic agent was placed
(Avitene, Alcon Pharmaceuticals),
and the area was sutured.
The autogenous block graft
was secured at the recipient site
with a fixation screw (Osteotram,
Osteomed) (Fig 6). Autogenous
particulate bone graft was then
mixed in a 50%:50% ratio with inorganic bovine mineral and placed
around the block graft (Fig 7). The
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buccopalatal flaps were then
sutured after performing periosteal
releasing incisions to facilitate primary closure.27,28
The implant placement was performed 1 year after the bone grafting procedure. The fixation screw
was removed, and three hydroxyapatite-coated root-form implants were
placed (Steri-Oss, Nobel Biocare)
(Figs 8 to 10). By using two 2-mminternal-diameter trephine burs, two
biopsies were taken from the grafted
area. One biopsy was taken from the
autogenous block graft, and the
other was taken from the area of the
onlay graft, where particulate graft
had been used around the block.
The patient signed an appropriate
informed consent form approved by
the Institutional Review Board at
Loma Linda University to provide
permission for the biopsies.
The second-stage surgery
(uncovering) was performed 8
months after implant placement.
All three implants appeared
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Fig 3 After performing a circular
osteotomy, the Schneiderian membrane is
elevated.

Fig 4
graft.

Bio-Oss is placed as an inlay bone

Fig 6 Block graft is secured with a fixation screw at the recipient site.

Fig 7 Particulate bone graft is placed
around the block. The particulate consists
of a mixture of autogenous cancellous
bone graft and Bio-Oss.

Fig 9 Three hydroxyapatite-coated root-form implants are
placed.

Fig 10

Fig 5 Ascending ramus is used as the
donor site for the autogenous bone graft.

Fig 8 During the reentry surgery for the
placement of the implants, excellent incorporation of the bone graft is identified.

Postoperative panoramic radiograph.
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osseointegrated. The implants
were loaded with a temporary
implant-supported screw-retained
fixed partial denture. Postoperative
periapical radiographs were taken
at 3-month intervals after loading
the implants.

Histologic processing
The histologic processing and analysis was performed by the Hard
Tissue Research Laboratory,
University of Oklahoma. The specimens were fixed in 10% buffered
formalin, dehydrated in alcohol, and
embedded in specialized resin
(Technovit 7200 VLC, Heraeus
Kulzer). Initial midaxial sections of
200 µm were made by means of a
cutting-grinding system (Exakt
Medical Instruments). The sections
were then ground to 40 to 50 µm
and stained with Stevenel’s blue and
Van Gieson’s picric fuchsin for light
microscopy.29,30

Results

Clinical findings
The healing of both the grafting procedure and implant surgery was
uncomplicated. During implant
surgery, the grafted maxillary area
appeared to have a type II bone
quality.31 The autogenous block
graft was in tight contact with the
recipient buccal plate. The particulate bone graft had a firm consistency. The Bio-Oss particles
appeared to be incorporated within
the newly formed alveolar ridge.
Primary stability of the implants was
achieved. No radiographic bone loss
or clinical sign of pathosis had been
noted 8 months after the implants
had been loaded.

Histologic findings
The specimen harvested from the
block graft represented very dense
cortical bone (Fig 11). Different stain
qualities were observed within the
block graft (Fig 12). An area of dark
red staining around a marrow space
indicated new bone formation (modeling). The different shades of
red/pink indicated bone of different
ages, emphasizing the remodeling
pattern of the block graft and providing evidence that the autogenous
block graft was possibly vital when
the biopsy was harvested. Interestingly, no soft tissue appeared to invade the graft area, despite the fact
that no membrane barrier had been
used. Evaluation of the specimen
under polarized microscopy (Fig 13)
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emphasized the active remodeling
status of the block graft.
The histologic specimen harvested from the area corresponding
to the particulate bone graft demonstrated excellent incorporation of
the Bio-Oss particles to the surrounding bone (Figs 14 to 16). The
Bio-Oss particles appeared to be in
tight contact with the surrounding
bone along the majority of their
external surfaces (Figs 14 and 15).
Some particles appeared to be
totally surrounded (“amalgamated”)
by bone (Fig 15). In some instances,
newly formed bone was observed
within the Haversian canals of the
Bio-Oss particles.

Discussion
The significance of the current case
report is that it provides histologic
evidence that autogenous intramembraneous block grafts may
have the potential to maintain their
vitality and be in an active remodeling state. Cortical bone autografts
are subject to slow revascularization,
and most of the interior of such
grafts is never revascularized.32 A
histologic analysis of autogenous
block grafts harvested from the iliac
crest demonstrated the presence of
devitalized bone tissue within the
bone graft area.33 However, in these
studies, extraorally harvested autogenous bone grafts had been used.
Several authors34–38 have shown that
extraorally harvested endochondral
bone grafts have a slower remodeling process compared to intraorally
harvested intramembraneous bone
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Fig 12 At higher magnification, the staining quality of the autogenous bone block
shows that this is very mature, remodeled
bone. Each slightly different shade of
red/pink indicates bone of a different age
(original magnification  10).

Fig 13 Same area shown in Fig 12.
Under polarized microscopy, the different
remodeling patterns of the bone are
emphasized (original magnification  10).
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Fig 11 Histologic overview of the autogenous bone block (original magnification
 4). [AU: Please list stain(s) used in Figs
11, 12, and to 14 to 16. (Stevenel’s blue
–Van Gieson’s picric fuchsin?)]

Fig 14 Biopsy harvested from the area
where particulate bone graft had been
used demonstrates excellent incorporation
of the Bio-Oss particles (black arrows) with
the surrounding bone (white arrows) (original magnification  10).

Fig 15 Bio-Oss particles (black arrow)
appear to be in tight contact with bone
(white arrow) along the majority of their
perimeter; some particles appear to be
amalgamated into the newly formed bone
(original magnification  20).

Fig 16 New bone formation (white
arrows) is observed within the Haversian
canal (black arrowhead) of the Bio-Oss
(black arrow). An intimate contact of the
bone with the Bio-Oss particle is observed
(original magnification  10).

grafts because of their embryogenic
origin. Kusiak et al36 demonstrated
complete vascularity in an intramembraneous bone graft 14 days after
the bone grafting procedure, while
endochondral bone grafts had minimal vascular ingrowth. Similarly, others38 found early vascular ingrowth in
intramembraneous bone grafts.
An animal study demonstrated
the potential of block autografts harvested from the mandible to maintain their vitality when the recipient
site receives proper preparation

(decortication or perforations).39
However, histologic evidence in
humans regarding the vitality of
intramembraneous block autografts
is minimal. Urbani et al20 demonstrated signs of vitality in humans on
autogenous block grafts.
In the current case, no barrier
was used above the graft material.
Nonresorbable membranes18,21,22
are the most commonly used barriers. However, no study has evaluated the necessity of those barriers;
their mechanical rigidity may pro-

tect the graft material from mechanical external forces. The current case
provided histologic evidence that
bone augmentation can be achieved
without using any barrier. It can be
hypothesized that the block graft
provided the necessary mechanical
support to the surrounding particulate graft material. Nonresorbable
membranes have been associated
with the presence of a thick layer of
connective tissue above the regenerated bone.21,22,40,41 In addition,
infection occurs if the membranes
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become exposed, compromising
the final result of the bone grafting
procedure.18,21,22 Raghoebar et al42
reported that the use of membrane
barriers is not necessary when
mandibular bone grafts are applied
because they exhibit minimal resorption34,35,37 and a high rate of remodeling.32,36–38 A feasibility study is
needed to assess the need for a
membrane barrier in localized alveolar augmentation procedures and
to confirm the histologic findings of
the current case report.
Inorganic bovine mineral (BioOss) was used in the current case.
The use of Bio-Oss for sinus grafts
has been well-documented,25,26,43,44
while little is known about the potential of this graft material as an onlay
bone graft. Some animal studies5,7
and human case reports 6,8 have
shown results similar to the current
case report, in which newly formed
bone appeared in tight contact with
the residual Bio-Oss particles.
Jensen et al43 described the “seeding phenomenon” for Bio-Oss as an
onlay graft, in which the particles
serve as a scaffold for new bone formation. On the other hand, other
animal studies45 and clinical case
reports46 have failed to demonstrate
any bone formation when Bio-Oss is
used as an onlay bone graft. These
studies supported the hypothesis
that bone regeneration around BioOss particles occurs when autogenous particulate bone graft that will
provide the necessary induction for
new bone formation is added.
Further research is needed to assess
the potential of Bio-Oss as an onlay
bone graft material.

This case report provides histologic evidence of the potential of intraorally harvested cortical autogenous block grafts to maintain their
vitality and attain a remodeling state
after fixation at the recipient site. It
also provides histologic evidence of
new bone formation around Bio-Oss
particles mixed with particulate autograft when no membrane barrier is
used. A clinical study is needed to
confirm the suggestions provided
by the findings of this case report.

Acknowledgments
The authors would like to acknowledge Nobel
Biocare for covering the cost of the histologic processing. The authors would also like to
thank Hari Prasad, BS, MDT, for his technical
assistance during the histologic processing of
the specimens. The first author would like to
thank Gloria Valencia, DDS, CertPros, for her
assistance and priceless support.

References
1. Adell R, Lekholm U, Rockler B, Brånemark
P-I. A 15-year study of osseointegrated
implants in the treatment of the edentulous jaw. Int J Oral Surg 1981;10:387–416.
2. Adell R, Eriksson B, Lekholm U, Brånemark
P-I, Jemt T. Long-term follow-up study of
osseointegrated implants in the treatment
of totally edentulous jaws. Int J Oral
Maxillofac Implants 1990;5:347–359.
3. Jemt T, Lekholm U, Adell R. Osseointegration in the treatment of partially edentulous patients: A preliminary study of 876
consecutively installed fixtures. Int J Oral
Maxillofac Implants 1989;4:211–217.
4. Jemt T, Petterson P. A 3-year follow-up
study on single implant treatment. J Dent
1993;21:203–208.

The International Journal of Periodontics & Restorative Dentistry

5. Klinge B, Alberius P, Isaksson S, Jonsson
J. Osseous response to implanted natural bone mineral and synthetic hydroxyapatite ceramic in the repair of experimental skull bone defects. J Oral
Maxillofac Surg 1992;50:241–249.
6. Callan DP, Rohrer MD. Use of bovinederived hydroxyapatite in the treatment
of edentulous ridge defects: A human
clinical and histologic case report. J
Periodontol 1993;64:575–582.
7. Jensen SS, Aeboe M, Pinholt EM,
Hjørting-Hansen E, Melsen F, Ruyter IE.
Tissue reaction and material characteristics of four bone substitutes. Int J Oral
Maxillofac Implants 1996;11:55–66.
8. Skoglund A, Hising P, Young C. A clinical
and histologic examination in humans of
the osseous response to implanted natural bone mineral. Int J Oral Maxillofac
Implants 1997;12:194–199.
9. Kent JN, Quinn JH, Zide MF, Guerra LR,
Boyne PJ. Alveolar ridge augmentation
using nonresorbable hydroxyapatite with
or without autogenous cancellous bone.
J Oral Maxillofac Surg 1983;41:629–642.
10. Holmes R, Mooney V, Bucholz R, Tencer
A. A coralline hydroxyapatite bone graft
substitute. A preliminary report. Clin
Orthop 1984;188:252–262.
11. Fonseca RJ, Nelson JF, Clark PJ, Frost
DE, Olson RA. Revascularization and healing of onlay particulate allogenic bone
grafts in primates. J Oral Maxillofac Surg
1983;41:153–162.
12. Doblin JM, Salkin LM, Mellado JR,
Freedman AL, Stein MD. A histologic
evaluation of localized ridge augmentation utilizing DFDBA in combination with
e-PTFE membranes and stainless steel
bone pins in humans. Int J Periodontics
Restorative Dent 1996;16:120–129.
13. Breine U, Brånemark P-I. Reconstruction
of alveolar jaw bone. Scand J Plast
Reconstr Surg 1980;14:23–48.
14. Jensen J, Sindet-Pedersen S. Autogenous mandibular bone grafts and osseointegrated implants for reconstruction of
the severely atrophied maxilla: A preliminary report. J Oral Maxillofac Surg
1991;49:1277–1287.

573
COPYRIGHT © 2002 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS ARTICLE MAY BE
REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.

15. Isaksson S, Alberius P. Maxillary alveolar
ridge augmentation with onlay bonegrafts and immediate endosseous
implants. J Craniomaxillofac Surg
1992;20:2–7.
16. Lekholm U, Wannfors K, Isaksson B,
Adielsson B. Oral implants in combination
with bone grafts. Int J Oral Maxillofac
Surg 1999;28:181–187.
17. Misch CM, Misch CE, Resnik RR, Ismail
YH. Reconstruction of maxillary alveolar
defects with mandibular symphysis grafts
for dental implants: A preliminary procedural report. Int J Oral Maxillofac Implants
1992;7:360–366.
18. Buser D, Dula K, Hirt HP, Schenk RK.
Lateral ridge augmentation using autografts and barrier membranes: A clinical
study with 40 partially edentulous
patients. J Oral Maxillofac Surg 1996;54:
420–432.
19. Misch CM. Comparison of intraoral donor
sites for onlay grafting prior to implant
placement. Int J Oral Maxillofac Implants
1997;12:767–776.
20. Urbani G, Lombardo G, Santi E, Tarnow
D. Localized ridge augmentation with
chin grafts and resorbable pins: Case
reports. Int J Periodontics Restorative
Dent 1998;18:363–375.
21. Simion M, Jovanovic SA, Trisi P, Scarano
A, Piattelli A. Vertical ridge augmentation around dental implants using a membrane technique and autogenous bone or
allografts in humans. Int J Periodontics
Restorative Dent 1998;18:9–23.
22. Tinti C, Parma Benfenati S. Vertical ridge
augmentation: Surgical protocol and retrospective evaluation of 48 consecutively inserted implants. Int J Periodontics
Restorative Dent 1998;18:435–443.
23. Boyne PJ, James RA. Grafting of the maxillary sinus floor with autogenous marrow
and bone. Oral Surg 1980;38:613–616.
24. Tatum OH Jr. Maxillary and sinus implant
reconstructions. Dent Clin North Am
1986;30:207–229.
25. Hanisch O, Lozada JL, Holmes RE, Calhoun CJ, Kan JYK, Spiekermann H. Maxillary sinus augmentation prior to placement of endosseous implants. Int J Oral
Maxillofac Implants 1999;14:329–336.

26. Piattelli M, Favero GA, Scarano A, Orsini
G, Piattelli A. Bone reactions to anorganic bovine bone (Bio-Oss) used in sinus augmentation procedures: A histologic longterm report of 20 cases in humans. Int J
Oral Maxillofac Implants 1999;14:835–840.

37. Koole R, Bosker H, van der Dussen FN.
Late secondary autogenous bone grafting in cleft patients comparing mandibular (ectomesenchymal) and iliac crest
(mesenchymal) grafts. J Craniomaxillofac
Surg 1989;17(suppl 1):28–30.

27. Corn H. Periosteal separation: Its clinical
significance: J Periodontol 1962;33:
140–153.

38. Phillips JH, Rahn BA. Fixation effects on
membranous and endochondral onlay
bone graft revascularization and bone
deposition. Plast Reconstr Surg 1990;85:
891–897.

28. Carranza FA, Carraro JJ, Dotto CA. Effect
of periosteal fenestration in gingival extension operations. J Periodontol. 1966;
37:335–340.
29. Donath K, Breuner G. A method for the
study of undercalcified bones and teeth
with attached soft tissues. The SageSchliff (sawing and grinding) technique. J
Oral Pathol 1982;11:318–326.
30. Rohrer MD, Schubert CC. The cuttinggrinding technique for histological preparation of undercalcified bone and boneanchored implants. Improvements in instrumentation and procedures. Oral Surg
Oral Med Oral Pathol 1992;74:73–78.
31. Lekholm U, Zarb GA. Patient selection
and preparation. In: Brånemark P-I, Zarb
GA, Albrektsson T (eds). Tissue-Integrated Prostheses: Osseointegration in
Clinical Dentistry. Chicago: Quintessence,
1985:199–209.
32. Enneking WF, Eady JL, Burchardt H. Autogenous cortical bone grafts in the reconstruction of segmental skeletal defects. J Bone Joint Surg Am 1980;57:
1039–1058.
33. Shirota T, Ohno K, Motohashi N, Mich K.
Histologic and microradiologic comparison of block and particulate cancellous
bone and marrow grafts in reconstructed
mandibles being considered for dental
implant placement. J Oral Maxillofac Surg
1996;54:15–20.

39. De Carvalho PS, Vasconcellos LW, Pi J.
Influence of bed preparation on the incorporation of autogenous bone grafts: A
study in dogs. Int J Oral Maxillofac
Implants 2000;15:565–570.
40. Simion M, Trisi P, Piattelli A. Vertical ridge
augmentation using a membrane technique associated with osseointegrated
implants. Int J Periodontics Restorative
Dent 1994;14:497–511.
41. Jovanovic SA, Schenk RK, Orsini M,
Kenney EB. Supracrestal bone formation
around dental implants: An experimental
dog study. Int J Oral Maxillofac Implants
1995;10:23–31.
42. Raghoebar GM, Batenburg RH, Vissink A,
Reintsema H. Augmentation of localized
defects of the anterior maxillary ridge
with autogenous bone before insertion of
implants. J Oral Maxillofac Surg 1996;54:
1180–1185.
43. Jensen OT, Shulman LB, Block MS,
Iacono VJ. Report of the Sinus Consensus
Conference of 1996. Int J Oral Maxillofac
Implants 1998;13(suppl):11–32.
44. Hürzeler MB, Quiñones CR, Kirsch A, et
al. Maxillary sinus augmentation using
different grafting materials and dental
implants in monkeys. Part I. Evaluation of
anorganic bovine-derived bone matrix.
Clin Oral Implants Res 1997;8:497–505.

34. Smith JD, Abramsson M. Membranous vs
endochondral bone autografts. Arch
Laryngol 1974;99:203–205.

45. Pinholt EM, Bang G, Haanaes HR. Alveolar ridge augmentation in rats by BioOss. Scand J Dent Res 1991;99:154–161.

35. Zins JE, Whitaker LA. Membranous vs
endochondral bone: Implications for
craniofacial reconstruction. Plast Reconstr
Surg 1983;72:778–784.

46. Young C, Sandstedt P, Skoglund A. A
comparative study of anorganic xenogenic bone and autogenous bone implants for bone regeneration in rabbits. Int
J Oral Maxillofac Implants 1999;14:72–76.

36. Kusiak JF, Zins JE, Whitaker LA. The early
revascularization of membranous bone.
Plast Reconstr Surg 1985;76:510–514.

Volume 22, Number 6, 2002

