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Abstract
Dental implants are established alternatives for replacing missing teeth. In case of alveolar 
bone resorption, implant placement may be prevented unless the volume of hard tissues is 
increased before or during implantation.  Autologous bone graft is still regarded as the “gold 
standard” in alveolar reconstruction., but many factors may influence the final outcome. 
The success of intraoral bone grafts, in fact, depends, among other factors, on the choice of 
donor graft material as well as on how the material is handled.  The evidence supporting the 
use of autogenous intramembranous bone with or without the use of  barrier membranes is 
briefly reviewed.  The rational of donor site choice is also presented.  Advantages and disad-
vantages of different harvesting site are discussed.  (Keio J Med 58 (1) : 24－28, March 2009)
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Introduction

An adequate volume of bone is one of the factors criti-
cal to successful osseointegration and long-term reten-
tion of endosseous dental implants.1,2  In situations 
where inadequate bone volumes exist, osseous ridge 
augmentation procedures often are necessary for predict-
able implant therapy.  Although a number of different 
materials have been used for hard-tissue ridge augmenta-
tion during the past several decades, autogenous bone 
grafts are generally considered one of the more ideal 
augmentation materials.3,4

Clinical and Scientific Background

The choice of autogenous donor site is markedly influ-
enced by two important considerations; namely, the 
quantity of bone required at the recipient site and the bi-
ologic qualities of the donor bone.  Additionally, suc-
cessful augmentation of the recipient site is influenced 

by the technical, intraoperative surgical manipulations 
employed. It is readily apparent that the quantity of bone 
required is a major factor in donor site selection.  An ex-
traoral donor site is often required for ridge augmenta-
tion in totally edentulous patients, for example, where 
ridge resorption may be extreme and extensive.  A popu-
lar and reasonably safe extraoral site is the posterior iliac 
crest, which can yield relatively large bone volumes 
ranging 70-140cc.5  Of course, the surgical convenience 
of iliac grafts is negated, in part, by the additional proce-
dural requirements and attendant patient morbidity; such 
procedures are longer, often require the use of general 
anesthesia, increase the likelihood of intra- and postop-
erative complications, and can result in considerable 
postoperative pain.  In contrast, ridge defects in partially 
edentulous patients often are less severe and more local-
ized, necessitating a smaller quantity of bone.  This al-
lows greater flexibility in autogenous donor site selection 
and, in particular, makes highly feasible the use of intra-
oral donor sites. In such cases relatively modest bone 
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volumes ranging 5-10cc from the mandibular symphysis, 
for example, may be adequate for ridge augmentation 
(Fig. 1).5  Intraoral sites generally allow for shorter proce-
dures, avoid the need for general anesthesia, and are as-
sociated with few complications and less postoperative 
discomfort.  Somewhat less apparent than the bone quan-
tity required, but no less important, are the biologic qual-
ities of the transplanted bone.  These include the bone’s 
embryologic origin, morphology, cytological constitu-
ents, and biochemical composition of the extracellular 
matrix.6  Although detailed review of each of these prop-
erties is beyond the scope of this report, further discus-
sion of the embryologic origin of donor bone is warrant-
ed.  The development of any given bone proceeds along 
one of the two general pathways, either endochondral or 
intramembranous ossification.  In endochondral ossifica-
tion, bone replaces a hyaline cartilage precursor.  Long 
bones such as the tibia, fibula and femur as well as the 
iliac crest are formed in this way.  Intramembranous os-
sification proceeds by direct mineralization of the organ-
ic matrix, without a cartilaginous intermediate.  The 
bones of the craniofacial complex, with limited excep-
tions, form via intramembranous ossification.  The cal-
varia, maxillary bones and mandibular body and ramus, 
in particular, are intramembranous; the mandibular con-
dyles are exceptions because they are of endochondral 
origin.7  The particular embryologic origin of donor bone 
is recognized as one factor in the success of bone trans-
plantation procedures.  From comparative studies of cra-
niofacial reconstruction in animals and man, it appears 
that intramembranous grafts tend to maintain their vol-
ume whereas endochondral grafts undergo variable de-
grees of resorption over variable periods of time.8, 9, 10  
Thus, all other factors being equal, intramembranous 

rather than endochondral bone autografts may be pre-
ferred in head and neck/intraoral applications.  From the 
preceding discussion we can appreciate the relative at-
tractiveness of intraoral sites for the harvesting of donor 
bone.  Such local harvesting is advantageous when bone 
volume demands are not prohibitively high because in-
traoral sites can serve as excellent, readily accessible 
sources of intramembranous bone.  Within the mouth, 
the mandible tends to present more sources than the 
maxilla.  As mentioned above, the mandibular symphysis 
is a very good donor site.  The mandibular symphysis is 
almost invariably, however, not contiguous with the area 
to be augmented.  This requires the involvement of a 
second surgical site.  Clearly, an alternative mandibular 
donor site that is contiguous with the recipient area 
would obviate the need for an extra surgical site.   Such 
alternative sources for local harvesting in the mandible 
can be evaluated by careful clinical and radiographic ex-
aminations of the patient.  Tori and exostoses, which are 
common intraoral exophitic findings,11 are suitable alter-
native bone sources.  Retromolar and edentulous areas 
also can be accessed (Fig. 2).  It is important to empha-
size, albeit obvious, that the anatomical factor limiting 
bone harvesting in the posterior mandible is the mandib-
ular canal and associated neurovascular elements. Pre-
surgical treatment planning therefore should include ap-
propriate anatomical determinations when such alterna-
tive harvesting is considered.  Once harvested, the donor 
bone must be adapted to the recipient site.  Several in-
vestigators have examined the various technical consid-
erations in this regard.12,13,14  These intraoperative con-
siderations include the adequacy of donor bone volume, 
use of block grafts vs. ground bone, method of fixation, 
concomitant use of barrier membranes, and degree of 

Fig. 1  Mandibular symphysis block harvesting: a- Outline of 
the graft. b- Mobilization of the block with a chisel. c- Area of 
symphysis after harvesting .d- Block grafting in place in  the 
anterior maxilla in a 43-year old female.

Fig. 2  a- Buccal dehiscence. b- SPI implant (Waldenburg, 
Switzerland)  placed. c- Bone harvested from retromolar area. d- 
Bone graft covering the implant before membrane placement.
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flap coaption.  In 1993, Buser and co-workers presented 
a technique for localized ridge augmentation using stain-
less steel pins to maintain space underneath a barrier 
membrane.12  Subsequently, this group modified their 
technique by adding corticocancellous bone grafts har-
vested from the retromolar area.13  Bone chips harvested 
from contiguous areas were also packed into the aug-
mentation site.  The rationale for using autologous bone 
with barrier membranes was that the bone had both 
space-maintaining and bone growth promoting proper-
ties.  The benefit of the combined use of bone grafts and 
membranes was confirmed by Jensen et al. who found, 
using a canine model, less resorption of autologous block 
grafts when membranes were used (Fig. 3).14 

Discussion and Criteria of Choice

Successful treatment of localized ridge defects can be 
achieved with autologous intraoral bone transplant with 
and without combined guided bone regeneration.15-19  
The volume of bone required can be small enough to al-
low harvesting from intraoral sites.  Intraoral bone donor 
sites provide convenient surgical access, decreased pro-
cedure time, and lower morbidity.20  In addition, the do-
nor and recipient sites are comprised of bone having the 
same embryologic origin (i.e., intramembranous). There 
seems to be some difference in treatment outcomes, in-
traorally, between endochondral and intraoral donor 
bone.  Endochondral grafts have been widely used in 
oral and maxillofacial reconstructions, with and without 
osseointegrated implants.  Typical donor sites are the an-
terior and posterior iliac crest, the rib,5 and the tibia.21,22  
However, endochondral bone grafts are associated with 
delayed, sometimes dramatic resorption10 and the associ-

ated implant success rates range 25-86%.10, 23-25  As a 
consequence, intramembranous bone tends to be more 
preferred in craniofacial reconstructions, again with or 
without implant placement.26-37 Intramembranous, man-
dibular symphysis grafts have shown less delayed re-
sorption and less morbidity than extraoral endochondral 
grafts.36, 37  The placement of implants in areas grafted 
with chin bone has been documented.32-35  In particular, 
Jensen and Sindet-Pedersen32 reported a 94% success 
rate of 107 implant fixtures in 26 patients grafted with 
chin bone, following up to 32 months. Other locations in 
the mandible also have been used to obtain intramembra-
nous bone; these include the retromolar region (Fig. 2),13 
the ramus20,38 (Fig. 4) and tori.39-40 Tori mandibularis11 
when present may represent an alternative or additional 
source of grafting tissue. Postoperative morbidity, main-
ly temporary paresthesia, differs among the sites used for 
harvesting: the chin ranged from 10% to 50%,4 1, 4 2 
whereas the mandibular ramus ranged from 0% to 
5%.41, 42 Thus, the mandibular ramus has some advan-
tages when compared to the mental symphisis as a possi-
ble donor site: the quality of bone is similar, the quantity 
may be higher, and the risk of neural damage is lower.43  
Survival and success rates of implants placed in recon-
structed jaws are, on average, lower than those of im-
plants placed in native bone.  This appears to be particu-
larly true in cases where extensive reconstructions were 
performed, although it has to be considered that many of 
the implants failures occurred in relatively few pa-
tients.43  The success rates of implant therapy using these 
alternative sources for local harvesting in the mandible 
have been less well documented.  Nevertheless, a hierar-
chy of clinical preferences can therefore be established 
for ridge augmentation in the partially edentulous patient 

Fig. 3  a- Ridge defect with loss of buccal and lingual plate. b- 
Implant placement. c- Radiograph also showing sinus proximity. 
d- Post-operative radiograph showing sinus lift and ridge 
augmentation with bone graft harvested from retromolar area.

Fig. 4  Mandibular ramus block harvesting and horizontal ridge 
augmentation in the same quadrant in a 56-year old male. a- 
Outline of the block to be harvested from the ramus. b- Block 
graft in place.
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using autogenous bone.  First, intraoral intramembranous 
donor bone is often preferred over extraoral bone of ei-
ther intramembranous (ex. calvaria) or endochondral (ex. 
iliac crest) origin.  Second, mandibular donor bone tends 
to be preferred over maxillary bone.  Third, when feasi-
ble, donor bone that is contiguous with the recipient site 
is preferred over intraoral bone from a second distinct 
location.  Fourth, when the transplanted bone is insuffi-
cient, additional chips of bone can be collected and 
packed to achieve a ridge with the desired size and 
shape.  Fifth, the concomitant use of a barrier membrane, 
in accordance with the principles of Guided Tissue Re-
generation, is more preferred than bone transplants with-
out membranes. 

Conclusion

The use of appropriate surgical techniques, backed by 
sound knowledge of bone biology and knowledge of 
possible alternatives for intra-oral bone harvesting opti-
mizes ridge augmentation procedures. 

References
 1. Albrektsson T, Dahl E, Enbom L, et al: Osseointegrated oral im-

plants: A Swedish multicenter study of 8139 consecutively insert-
ed Nobelpharma implants. J Periodontol 1990; 59: 287

 2. Adell R, Lekholm U, Rockler B, Branemark P-I: A 15-year study 
of osseointegrated implants in the treatment of the edentulous jaw. 
Int J Oral Surg 1981; 6: 387－416

 3. Smukler H. Chaibi MS: Ridge augmentation in preparation for 
conventional and implant-supported restorations. Compendium 
1994; 18: S706－710

 4. Hammack BL, Enneking WF: Comparative vascularization of au-
togenous and homogenous bone transplants. J Bone Joint Surg 
1960; 42A: 811.

 5. Marx RE: Philosophy and particulars of autogenous bone grafting. 
Oral and Maxillofac Clin North Am 1993; 5: 599－612

 6. Scott CK, Hightower JA: The matrix of the endochondral bone 
differ from the matrix of intramembranous bone. Calcif Tissue Int 
1991; 49: 349－354

 7. Ten Cate AR: Oral Histology. Development, Structure and Func-
tion. St. Louis, Missouri, 1994. Mosby

 8. Smith JD, Abramson M: Membraneous vs. Endochondral bone 
autografts. Arch Otolaryngol 1974; 99: 203.

 9. Zins JE, Whitaker LA: Membraneous vs. endochondral bone au-
tografts: Implications for craniofacial reconstruction. Plast Recon-
str Surg 1983; 72: 778

 10. Breine U, Branemark PI: Reconstruction of alveolar jaw bone. 
Scand J Plast Reconstr Surg 1980; 14: 23－48

 11. Shafer WG, Hine MK, Levy BM. A textbook of oral pathology. 
W.B. Sanders Company, 1983.

 12. Buser D, Dula K, Belser U, Hirt HP, Berthold H: Localized ridge 
augmentation using guided bone regeneration. I. Surgical proce-
dure in the maxilla. Int J Periodont Rest Dent 1993; 13: 29－45

 13. Buser D, Dula K, Belser UC, et al.: Localized ridge augmentation 
using guided bone regeneration. II. Surgical Procedure in the 
mandible. Int J Periodont Res Dent 1995; 15: 11－29

 14. Jensen OT, Greer RO Jr., Johnson L, Kassebaum D: Vertical guid-
ed bone augmentation in a new canine mandibular model. Int J 
Oral Maxillofac Implants 1995; 10: 335－344

 15. Becker W, Becker BE, Handelsman M, et al.: Bone formation at 
dehisced dental implant sites treated with implant augmentation 

material. A pilot study in dogs. Int J Periodont Res Dent 1990; 10; 
93－101

 16. Brugnami F, Then P, Moroi H, Leone C: Histologic evaluation of 
human extraction sockets treated with demineralized freeze-dried 
bone allograft (DFDBA) and a cell occlusive membrane. J Peri-
odontol 1996; 67: 821－825

 17. Dahlin C, Sennerby L, Lekholm U, Linde A, Nyman S: Genera-
tion of new bone around titanium implants using a membrane 
technique: An experimental study in rabbits. Int J Oral Maxillofac 
Implants 1989; 4: 19－25

 18. Dahlin C, Andersson L, Lindhe A: Bone augmentation at fenes-
trated implants by an osteopromotive membrane technique. A 
controlled clinical study. Clin Oral Implants Res 1991; 2; 159－
165

 19. Lazzara RJ: Immediate implant placement into extraction sites: 
Surgical and restorative advantages. Int J Periodont Res Dent 
1989; 9: 333－343

 20. Misch CM: Ridge augmentation using mandibular bone graft for 
the placement of dental implants: Presentation of a technique. 
Practical Perio and Aest. 1996; 8: 127－135

 21. Catone GA, Reimer BL, McNeir D, Ray R: Tibial autogenous 
cancellous bone as an alternative donor site in maxillofacial sur-
gery: A preliminary report. J Oral Maxillofac Surg 1992; 50: 1258
－1263

 22. O’Keefe RM, Reimer BL, Botterfield SL: Harvesting of autoge-
nous bone graft from the proximal tibial metaphysis. A review of 
230 cases. J. Orthop Trauma 1991; 5: 469

 23. Keller EE, Van Roekel NB, Desjardins RP, et al.: Prosthetic-surgi-
cal reconstruction of the severely resorbed maxilla with iliac bone 
grafting and tissue-integrated prostheses. Int. J Oral Maxillofac 
Implants 1987; 2: 155

 24. Kahnberg K-E, Nystrom E, Bartholdsson L: Combined use of 
bone grafts and Branemark fixtures in the treatment of severely 
resorbed maxillae. Int J Oral Maxillofac Implants 1989; 4: 297

 25. Jensen J, Krantz Simonsen E, Sindet-Pedersen S: Reconstruction 
of the severely resorbed maxilla with bone grafting and osseointe-
grated implants: A preliminary report. J Oral Maxillofac Surg 
1990; 48: 27－32

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

 27. Hardesty RA, Marsh JL: Craniofacial onlay bone graft: A prospec-
tive evaluation of graft morphology, orientation, and embriogenic 
origin. Plastic Reconstr Surg 1990; 88: 5

 28. Moskalewsky S., Osiecka A, Maleczyc J: Comparison of bone 
formed intramuscularly after transplantation of scapular and cal-
varial osteoblasts. Bone 1998; 9: 101－106

 29. Koole R, Bosker H, van der Dussen FN: Late secondary autoge-
nous bone grafting in cleft patients comparing mandibular (ecto-
mesenchymal) and iliac crest (mesenchymal) grafts. J CranioMax-
Fac Surg 1989; 17: 28－30

 30. Donovan MG, Dickerson NC, Hanson IJ, Gustafson RB: Maxil-
lary and mandibular reconstruction using calvaria bone grafts and 
Branemark implants: A preliminary clinical report. J Oral Maxil-
lofac Surg 1994; 52: 588－594

 31. Gary JJ, Donovan M, Garner FT, Faulk JE: Rehabilitation with 
calvaria bone grafts and osteointegrated implants after partial 
maxillary resection: A clinical report. J Prosthetic Dent 1992; 67: 
743－746

 32. Jensen J, Sindet-Pedersen S: Autogenous mandibular bone grafts 
and osseointegrated implants for reconstruction of the severely at-
rophied maxilla: A preliminary report. J Oral Maxillofac Surg 
1991; 49: 1277－1287

 33. Jensen J, Sindet-Pedersen S, Oliver AJ: Varying treatment strate-
gies for reconstruction of maxillary atrophy with implants: Results 
in 98 patients. J Oral Maxillofac Surg 1994; 52: 210－216

 34. Misch CM: Enhance maxillary implant sites through symphysis 
bone graft. Dent Impl Update 1991; 2: 101－104



28 Brugnami F, et al: Local Intraoral Bone Harvesting for Dental Inplants

 35. Misch CM, Misch CE: Autogenous mandibular bone graft for re-
construction of ridge deficiencies prior to implant placement. Int J 
Oral Maxillofac Implants 1993; 8: 117

 36. Sindet-Pedersen S, Enemark H: Mandibular bone graft for recon-
struction of alveolar cleft. J Oral Maxillofac Surg 46: 533, 1988

 37. Sindet-Pedersen S, Enemark H: Reconstruction of alveolar cleft 
with mandibular or iliac crest bone graft: A comparative study. J 
Oral Maxillofac Surg 1989; 47: 28

 38. Jensen J, Reiche-Fischel O, Sindet-Pedersen S: Autogenous man-
dibular bone grafts for malar augmentation. J Oral Maxillofac 
Surg 1995; 53: 88－90

 39. Ganz SD: Mandibular tori as a source for onlay bone graft aug-
mentation: a surgical procedure.Pract Periodontics Aesthet Dent. 
1997; 9:973－82

 40. Proussaefs P: Clinical and histologic evaluation of the use of man-

dibular tori as donor site for mandibular block autografts: report 
of three cases.Int J Periodontics Restorative Dent 2006; 26: 43－
51

 41. Chiapasco, M., Abati, S., Romeo, E. & Vogel, G.: Clinical out-
come of autogenous bone blocks or guided bone regeneration with 
e-PTFE membranes for the reconstruction of narrow edentulous 
ridges. Clinical Oral Implants Research 1999; 10: 278－288

 42. Clavero, J. & Lundgren, S.: Ramus or chin grafts for maxillary si-
nus inlay and local onlay augmentation: comparison of donor site 
morbidity and complications. Clinical Implant Dentistry & Relat-
ed Research 2003; 5: 154－160

 43. Chiapasco M, Zaniboni M, Boisco M.: Augmentation procedures 
for the rehabilitation of deficient edentulous ridges with oral im-
plants. Clin. Oral Impl. Res 2006; 17 (Suppl. 2), 136－159


