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Revisiting the Hopeless Ridge:
Part I—Challenging the Gold Standard
John Lupovici, DDS*

Abstract: Proper bone-augmentation strategies are essential
to recreating natural function and esthetics, implant dentistry’s paramount objective. Although autogenous grafts
have historically been considered the gold standard among
grafting materials, they are associated with higher complication rates, greater resorption, and lower implant success than
some of the allograft alternatives. Demineralized allograft
bone combined with a carrier that facilitates handling has
been verified to be inductive and offer other benefits. Three
reports are presented of patients treated with such allograft
materials in combination with resorbable membranes.

H

istorically, evaluations of implant success focused exclusively on the ability of the implant
to osseointegrate and maintain a functional prosthesis.1 However, as implant technology and understanding
of the biology underlying osseointegration have evolved,
the goal of contemporary implant dentistry has shifted.

Learning Objectives
After reading this article, the reader should be able to:

■

■

■

list the benefits and potential sequelae associated
with autogenous block grafting.
discuss the benefits and potential sequelae associated
with allograft regeneration.
assess the osseoinductive potential of some commercially available allograft products.

Today the faithful re-creation of what nature originally
provided, both in terms of function and esthetics, has become the paramount objective.
Complicating that objective is the fact that resorption
of alveolar bone is a common sequela of tooth loss, most
notably within the first year.2-4 Along with developmental
anomalies, acute or chronic pathology, and trauma, longstanding ridge resorption can limit the clinician’s ability to
place implants in a way that will optimize the restorative
results. Alternatively, implants may be placed in anatomically less favorable positions. However, a review of the literature reveals a consensus that improper implant positioning
can lead to off-axis loads that in turn have been associated
with biomechanical problems, such as screw loosening or
fractures of the screw, implant, and/or implant collar.5,6
Other potential clinical prosthetic consequences include a
nonideal emergence profile, prosthetic and porcelain fractures, poor screw-hole positioning, and occlusal discrepancies, such as cross-bite.
Proper bone-augmentation strategies incorporated within a treatment plan can enable the clinician to avoid such
difficulties. Common regenerative indications include extraction sockets, horizontally and vertically atrophic ridges,
implant-associated defects, and other anatomical structures
that may inhibit proper implant positioning. Grafting techniques that have been well-documented to be successful in
the treatment of such defects include ridge splitting and
expansion;7,8 guided bone regeneration (GBR);9,10 distraction osteogenesis;11 onlay, inlay, and veneer grafts;12-14 nerve
lateralization;15 and sinus augmentation.16
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While successes obtained by using the four traditional
bone-graft materials (autograft, allograft, xenograft, and
alloplast) have all been well-documented, autogenous grafts
historically have been considered the gold standard. Such
bone, harvested either from extraoral or intraoral sites, has
been thought to possess a higher osteoinductive potential
and thus a greater ability to increase new bone formation.
Use of this material also avoids any question of antigenicity
or introduction of a foreign pathogen.
This article challenges the notion that autogenous block
grafts should be the gold standard for traditional dental
implant-associated bone regeneration. In both the literature and the experiences of the author, autogenous block
grafts are associated with higher complication rates, greater
resorption, and lower implant success rates than some allograft alternatives.

at the time of implant placement, with a further loss of up
to 60% at the time of abutment connection.23-26 Using
biologic barriers and adding
xenograft material at autogenous bone-block grafting
John Lupovici, DDS
sites have been reported to
reduce the total resorption
rate.27,28 However, the average total gain in deficient vertical ridges was only about 5 mm in one 2005 human
study.26 A comprehensive review by Gielkens et al29 of
182 articles found insufficient evidence to conclude that
the use of a barrier membrane is effective in preventing
onlay bone-graft resorption.

Implant Success
AUTOGENOUS BONE
More Complications
Autogenous block grafts often have sequelae that are specific to the donor site. Grafts harvested from the iliac crest,
a form of endochondral bone, have been associated with
significant morbidity.17 Such grafts also require patient
hospitalization for graft procurement, which in turn increases costs. While iliac crest bone may play a role in the
reconstruction of larger craniofacial cases, its value in the
realm of implant reconstruction has become negligible.18
Using autogenous block grafts of intramembranous histogenesis from intraoral sources, such as the ramus and
mandibular symphysis, avoids the need for patient hospitalization. Moreover, such bone has been shown to have a
lower rate of resorption19 and better revascularization20
than endochondral bone. However, routine postoperative
complications associated with the harvesting of intramembranous block grafts include morbidity, parasthesia, anesthesia, and neurosensory changes to the proximal teeth and
tissue.13,14,18,21,22 Other potential risks include edema,
ptosis, incision dehiscence, infection, and even mortality.

Greater Resorption
Beyond these concerns, the total volume of bone gained
from block grafting has fallen into question. A review of the
literature reveals resorption rates ranging from 0% to 25%
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Clinicians sometimes confound ridge-augmentation success with implant success. Yet the two are not synonymous,
and implant success remains the ultimate goal. A systematic review of applicable data from 1980 to 2005 by Aghaloo
and Moy 30 reported findings of statistically significant
reduced implant survival rates in sites grafted with autogenous bone block, compared with other regenerative techniques. They documented an implant survival rate of iliac
crest grafts of 74.7%, as compared with a 95.5% survival
rate for GBR.

ALLOGRAFTS
An alternative to autogenous block grafts is allograft material applied in combination with a barrier membrane.31,32
The use of this commercially available material requires less
time, ensures that an unlimited quantity of graft material will
be available, and eliminates the need for a second surgical site
with its attendant discomfort for the patient. Although some
dental practitioners have considered all allograft material
to be homogenous, numerous reports in the literature have
demonstrated the unreliability of this assumption. The donor, tissue bank, and means by which the allograft is processed all can affect the allograft’s osseoinductive potential and
the response of the recipient site to its introduction.33-35
Variation also exists in the way allograft materials are delivered. Allografts often take the form of particulate material;
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Figure 1 Full-thickness flap reflection exposed the left
lateral incisor, which was fractured and intruded apically
beyond the alveolar housing.

Figure 2 Occlusal view of the extracted residual roots.

Figure 3 RegenerOss Allograft Putty molded to form the
contours desired for the reconstructed ridge.

Figure 4 The Ossix Plus resorbable collagen membrane in
place.

Figure 5 Re-entry 6 months postsurgery revealed a notable
increase in the dimensions of the ridge.

Figure 6 The histologic evaluation found vital bone cells in
conjunction with new vascularity.

however, to increase the handling characteristics, some have
been combined with carriers. Two established orthopedic
graft materials have recently been adapted for oral and maxillofacial grafting applications: Each combines demineralized allograft bone with a carrier (lecithin in one case and
collagen in the other) that facilitates handling.

In addition to improving the ease of handling, combining the demineralized bone particles with the carriers may
also increase osseoinductivity at the graft site. When Han et
al36 compared the osseoinductivity of delipidated demineralized bone to that of demineralized bone mixed with lecithin,
they confirmed that removing lipids from demineralized
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bone can significantly inhibit osseoinduction, yet adding
purified phosphatidylcholine (lecithin) appeared to restore
the osseoinductive activity and enhance biologic activity above that of a standard demineralized bone preparation. The inductivity of both the lecithin-based putty and
the collagen-based paste has been verified through established inductivity tests.
Following the principles of GBR and using a barrier
membrane can enhance the likelihood of obtaining optimal results with the inductive allograft paste and/or putty.31
The ideal properties of a barrier for GBR procedures include the ability to exclude unwanted epithelial cells and
maintain a space for appropriate cells (periodontal ligament cells, bone cells, and/or cementoblasts) to repopulate
the wounded area. Although nonresorbable membranes
have yielded successful results,37 their drawbacks include
the fact that they require a second surgical entry, entailing
increased patient cost, discomfort, and psychologic stress.
Increased tissue trauma and wound-healing complications,
such as membrane exposures, infection, bacterial contamination, and poor regenerative outcomes, have been associated with nonresorbable membranes.38-40

In contrast, resorbable membranes avoid the drawbacks
associated with the need for a second membrane-removal
surgery. The benefits of using collagen as the membrane
material include the fact that collagen:
is biocompatible;41,42
provokes no significant immunogenic reactions;42
has been shown to have a chemotactic effect on periodontal ligament cells43,44 and gingival fibroblasts; and
promotes osteoblast proliferation, as well as increased
secretion of transforming growth factor-b1, a growth
factor involved in bone remodeling.45
Noncross-linked resorbable collagen membranes often
foster a very rapid vascularization, with excellent tissue reaction subsequent to the vascularization.46,47 However, the
resorption profile of noncross-linked collagen is roughly 4
to 8 weeks, and in the absence of complications, a statistically significant increase in bone formation can occur in the
8 to 16 weeks after grafting.48 To prolong the absorption
profile of collagen membranes, various cross-linking techniques have been developed. Such membranes, while semipermeable and allowing for an exchange of nutrients, have
been demonstrated to exclude epithelium and connective
tissue for 6 months49 and, in the author’s experience, may
do so for 1 year or more. Cross-linked collagen membranes
thus have the potential to provide most of the benefits of
nonresorbable membranes, without their drawbacks.
The following clinical cases illustrate the use of a crosslinked resorbable collagen membrane in conjunction with
an allograft putty or paste.
■

■

■

■

CASE EXAMPLES
Case 1
A 45-year-old man presented in the wake of a fall from a
four-story scaffolding structure. His right lateral and left
central incisors had been evulsed at the time of the accident, while his right central and left lateral incisors had
intruded apically beyond the alveolar housing and fractured at the cementoenamel junction.
A full mucoperiosteal flap was reflected (Figure 1), and the
residual roots of the two damaged teeth were extracted atraumatically, preserving the residual alveolar housing (Figure 2).
Although thin, the facial plate was maintained to act as a supportive structure for the grafting material and membrane.
RegenerOss™ Allograft Putty (BIOMET 3i™, Palm Beach
Gardens, FL) was molded to form the contours of the desired future ridge (Figure 3), and a 20-mm x 30-mm Ossix®
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Figure 7 Occlusal view before flap reflection.

Figure 8 Occlusal view of the severely resorbed ridge after
flap reflection.

Figure 9 The Regenaform paste molded to the ridge, and
the Ossix Plus resorbable membrane ready for positioning
over the graft material.

Figure 10 The reconstructed ridge, 7 months after surgery.

Plus membrane (Colbar LifeScience, Ltd, Herzlya, Israel)
was trimmed and adapted to cover the graft material (Figure 4). Periosteal relaxing incisions were made, and passive
primary closure was obtained.
The patient received 1 g of amoxicillin before treatment
and was instructed to continue taking 500 mg three times
daily for 7 days. He was sent home with a removable partial
that had been extensively relieved. Follow-up at 1 and 3
weeks and then monthly found unremarkable healing, with
primary closure maintained throughout the healing period.
At 6 months postsurgery, re-entry revealed a notable increase in the dimensions of the ridge, with approximately 8 mm
to 10 mm of bone gained horizontally and 3 mm to 4 mm
vertically (Figure 5). Two implants were placed. Histologic
examination of a 2-mm x 4-mm trephine bone core harvested just adjacent to the implant site revealed well-vascularized
bone marrow and newly formed bone (Figure 6).

Case 2
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A 57-year-old woman presented seeking an implant-supported restoration to replace a failing bridge from her right
maxillary second molar to her first premolar (Figure 7).
Those teeth had been extracted traumatically more than
30 years ago.
A full-thickness incision was made. Flap reflection revealed a narrow residual ridge with significant apical undercuts (Figure 8). Regenaform® paste (Exactech, Inc, Gainesville, FL) was molded on the buccal aspect of the ridge, as
well as crestally. A 20-mm x 30-mm Ossix Plus membrane
was trimmed and adapted to cover the graft material (Figure 9). Periosteal releasing incisions were made, and passive
primary closure was obtained.
After 7 months of unremarkable healing, surgical reentry revealed more than 10 mm of newly formed horizontal bone (Figure 10).
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Figure 11 Blunt trauma to the patient’s face evulsed the
right central incisor and damaged the facial plate.

Figure 12 Occlusal view of the lost facial plate after flap
reflection.

Figure 13 RegenerOss Allograft Putty adapted to the ridge.

Figure 14 Ossix Plus resorbable membrane in position over
the putty.

Figure 15 Occlusal view of the 11.5-mm Certain PREVAIL
Implant after placement in the newly regenerated bone.

Figure 16 Trabeculation, new vascularity, and osteocytes
evident in the histologic speciment.

Case 3

RegenerOss Allograft Putty was expressed into the defect and
molded (Figure 13), then covered with an Ossix Plus membrane (Figure 14). Extensive periosteal-releasing incisions were
used in conjunction with mesial- and distal-releasing incisions
to obtain passive primary closure.
Although the patient was noncompliant with a smoking cessation program, the soft-tissue healing at 1 and 6 months was

A 45-year-old male who smoked presented in the wake
of a blunt trauma to the face. The right lateral incisor had
been evulsed, with obvious damage to the facial plate (Figure 11). All other anterior teeth were salvageable.
Reflection of a full-thickness flap revealed complete
loss of the facial plate (Figure 12). Approximately 1 cm3 of
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unremarkable. Re-entry at 6 months revealed evidence of the
residual biologic membrane, along with excellent osseous in-fill.
At the time of implant placement, a 2-mm trephine drill
was used to remove an 8-mm bone core, which was placed
in formalin. After enlargement of the osteotomy and placement of an 11.5-mm Certain® PREVAIL® Implant (BIOMET 3i) (Figure 15), the core was sent out for histologic
examination. The histology revealed that the graft material
was well-encapsulated, with excellent vascularity and newly
formed bone (Figure 16).

DISCUSSION
During osteotomy preparation, 3 to 6 months after augmenting oral sites with the verified inductive bone-graft
materials, the author has typically noted excellent volumetric fill. Histologic examination of these sites has also confirmed excellent bone formation and vascularity. However,
the density of the bone is often type 2 to 3 (according to
the Lekholm and Zarb scale). An explanation for the seeming disparity between the positive histologic results and the
apparent soft nature of the new bone may lie in the nature of
demineralized allograft material. When Cammack et al50
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compared mineralized and demineralized freeze-dried bone
allograft, they found no statistical difference in percentages
of new bone formed at sites grafted with each material.
However, significantly less residual demineralized bone was
found in localized ridge-augmentation sites, suggesting that
the mineralized material might take longer to resorb and
might account for the apparent harder feel of sites grafted
with it. A biopsy of a demineralized bone graft site also
showed many more marrow spaces when compared with a
mineralized bone graft site. Yet the differences between the
two appeared to have no bearing on the success or failure of
the graft of implant.
The possibilities for combining the allograft paste and
putty with mineralized bone or other augmentation materials raises the possibility of achieving new bone that is
harder while at the same time taking advantage of the increased osseoinductivity and superior ease of handling
afforded by the allograft paste and putty.

CONCLUSION
Proper bone-augmentation strategies are essential for recreating natural function and esthetics, the paramount
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objective in implant dentistry today. Although autogenous
grafts historically have been considered the gold standard
among grafting materials, they are associated with higher
complication rates, greater resorption, and lower implant
success than some allograft alternatives. New commercially
available allograft materials used in conjunction with established regenerative protocols result in comparable success rates with minimum sequelae often associated with
block grafts.
Part II of this article will examine the characteristics and
applications of established orthopedic allograft bone in oral
rehabilitation.
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1. Of the four traditional bone-graft materials, which have

historically have been considered the gold standard?
a. autografts
b. allograft
c. xenograft
d. alloplast
2. Iliac crest is a form of which bone?
a. mesencymal
b. ectodermal
c. endochondral
d. mixed origin

6. Han et al confirmed removing what from demineralized

bone can significantly inhibit osseoinduction?
a. phosphate
b. lipids
c. collagen
d. hydroxyappatite
7. The ideal properties of a barrier for GBR procedures

include the ability to exclude unwanted:
a. epithelial cells.
b. periodontal ligament cells.
c. bone cells.
d. cementoblasts.

3. A comprehensive review by Gielkens et al of 182 articles

found what evidence to conclude that the use of a
barrier membrane is effective in preventing onlay
bone-graft resorption?
a. 5-mm bone loss
b. 5% bone loss
c. 90% bone gain
d. insufficient
4. Aghaloo and Moy documented an implant survival

rate of iliac crest grafts of:
a. 98.7%.
b. 95.5%.
c. 91.3%.
d. 74.7%.
5. Allografts often take the form of:
a. liquid.
b. particulate material.
c. frozen material.
d. solid block material.

8. In the absence of complications, a statistically significant

increase in bone formation can occur how long after
grafting?
a. in the 0 to 2 weeks
b. in the 4 to 8 weeks
c. in the 8 to 16 weeks
d. in the 4 to 8 months
9. Which membranes thus have the potential to provide

most of the benefits of nonresorbable membranes,
without their drawbacks?
a. noncross-linked resorbable collagen
b. cross-linked resorbable collagen
c. hydroxylated collagen precursor
d. fluoridated collagen scaffolds
10. An explanation for the seeming disparity between

the positive histologic results and the apparent soft
nature of the new bone may lie in:
a. the size of implant placed.
b. the coating on the implant used.
c. the nature of demineralized allograft material.
d. the type of bacterial biofilm contamination that
occurs immediately after implant placement.
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