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Revisiting the
Hopeless Ridge:

Part II—Inductive Orthopedic
Allograft Applied to Dental

Implant Regeneration

Abstract: Part | of “Revisiting the Hopeless Ridge” high-
lighted the higher complication rates, greater resorption
profile, and lower implant success rates associated with
autogenous block grafts. The conclusions described in
that article were based on a comprehensive literature
review, rather than an individual clinician’s experience in
clinical practice. Additionally, the idea that such grafts
were the gold standard for traditional dental implant-
associated bone regeneration was challenged. This arti-
cle explores the advantageous properties of new com-
mercially available allograft bone in a variety of clinical
applications. One such product that combines demineral-
ized bone with lecithin is reviewed, and two case reports
using it are presented.

loss of alveolar ridge dimensions from resorption

in the wake of tooth loss, developmental anom-

alies, pathology, or trauma may make it difficult,

if not impossible, to place implants in a position that will

re-create natural function and meet the esthetic needs of

patients. In addition to the negative functional and esthetic

consequences associated with improper implant position-

ing, off-axis loads have been associated with biomechanical

problems including fractures of the screw, implant, implant

collar, prosthesis, and/or porcelain; screw loosening; and
poor screw access-hole positioning. !>

A variety of bone-augmentation strategies have been

developed to enable clinicians to rebuild atrophic sites to

support optimally positioned implants.
Grafting techniques including ridge
splitting and expansion,3 guided bone
regeneration,? distraction osteogene-
sis,” onlay, inlay, and veneer grafts,%”
nerve lateralization,® and sinus aug-
mentation?!! have been used to treat
extraction sockets, horizontally and
vertically atrophic ridges, implant-
associated defects, and problematic
anatomic structures. Autograft, al-
lograft, xenograft, and alloplast aug-
mentation materials all have been used
successfully.

The question of which bone-grafting material is optimal
remains an open one, however. Ideally, any bone-grafting
material should be:

osteoconductive;

osteoinductive;

biocompatible;

easily shaped to the desired form;

space-maintaining;

stable after positioning; and

easy to use clinically.

Autogenous bone harvested from either extraoral or
intraoral sites has been considered the gold standard among
the alternatives. Depending on how the bone is obtained,
autogenous bone may meet all the requirements listed
above. At the same time, harvesting such bone has been
associated with complications including morbidity, paras-
thesia, anesthesia, neurosensory changes to the proximal
teeth and tissue, edema, ptosis, incision dehiscence, infec-
tion, and even mortality.”'? High resorption rates for au-
togenous block grafts also have been reported,'37 and the
survival rates of implants placed in such grafts have fallen

into question.18

ALLOGRAFTS

An alternative to autogenous block grafts is allograft mate-
rial applied in combination with a barrier membrane.1920
Used in periodontal therapy for more than three decades,?!

allograft bone is available commercially and is offered in a
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variety of shapes and sizes. Its use frees the patient from the
need for a second surgical site, with all the attendant discom-
fort and risks of complication.

Not every type of allograft bone meets all the requirements
for an ideal bone-graft material. Freeze-dried bone allograft
(FDBA) is biocompatible and osteoconductive; however, it lacks
osteoinductivity. Although no significant clinical differences
have been found between FDBA and demineralized freeze-
dried bone allograft (DFDBA) in primarily intraosseous de-
fects,?>24 DFDBA historically has been considered to be a bet-
ter choice in sites where regeneration may be more problematic.

Bathing allograft bone in an acidic solution that expos-
es the bone-morphogenetic proteins theoretically renders it
osteoinductive. DFDBA is also osteoconductive and bio-
compatible. However, when used in dental applications in
combination with guided tissue regeneration, clinical results
of DFDBA grafts have been widely variable.?-?7 Similar
variability has been found in attempts to induce new bone
formation in animals.?8

A number of factors may explain this variation. Although
most bone banks follow the American Association of Tissue
Banks’ guidelines for procuring, processing, and sterilizing
cadaver bone, significant variation nonetheless exists in the
way different tissue banks prepare DFDBA. Many banks do
not sterilize the bone, but some use ethylene oxide for steril-
ization, even though this technique has been shown to de-
crease effectiveness and resorption of the allograft.?” Other
sterilization techniques that use high temperatures have been
associated with protein denaturation. Some tissue banks
irradiate DFDBA, even though one study found that this
practice reduced bone induction ability by 40%.3° Particle
size also appears to be an important factor in the success of
DFDBA at inducing bone formation, with particles in the
125-pm to 1000-pm range possessing a higher osteogenic
potential than particles below 125 pm.3!

Differences in how commercial bone banks prepare
DFDBA do not fully explain the variation in DFDBA os-
teoinductivity. Clinical variability also has been found
among allograft from the same tissue bank.?? With allo-
grafts, factors such as donor age33 and other natural vari-
ability among humans may also play a role.

Variation also exists in the way allograft materials are
delivered, and this can affect their inductive capacity. When
Han et al®* compared the osteoinductivity of delipidated
demineralized bone to that of demineralized bone mixed

with phosphatidylcholine (lecithin), they confirmed that
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removing lipids from demineralized bone significantly in-
hibited osteoinduction, but adding purified lecithin ap-
peared to restore the osteoinductive activity and enhance
biologic activity above that of a standard demineralized bone
preparation. Lecithin is a phospholipid naturally present in
cell membranes as well as in many other tissues and organs.
It has been found in significant amounts during active bone
formation and is believed to play an active role in the biolog-
ic calcification that occurs during osteogenesis.>>

An established orthopedic graft material recently has
been adapted for oral and maxillofacial grafting applica-
tions (RegenerOss™ Allograft Putty, BIOMET 3, Palm
Beach Gardens, FL). Available in prefilled 1-cm3, 2-cm?, and
5-cm? syringes, the material is a combination of DFDBA
suspended in lecithin isolated from soybeans. Because no
residual soy proteins have been associated with it, there are
no concerns about an immunologic response. Allograft
putties that use glycerol as a binding agent pose a concern
because of demonstrated levels of toxicity. In contrast,
lecithin is a phosphatidylcholine, an organic lipid natural-
ly resident in cell membranes.

When incubated at 37° C, RegenerOss Allograft Putty
maintains a solid state and remains intact at the graft site for
7 to 14 days, after which it is absorbed by the body with no
foreign-body reaction. The consistency of the putty, which is
composed of 40% demineralized bone by weight, makes it
easy to mix with autogenous or other additional bone-
grafting material, should that option be desired. It provides
remarkable ease of handling and excellent graft containment
after being exuded into the defect site. Because the lecithin
carrier is a lipid, it is hydrophobic, offering high resistance
to irrigation, blood, and saliva. The demineralized bone
used in RegenerOss Allograft Putty is screened thoroughly
for HIV, hepatitis, and other infectious agents.

Of great importance, the inductivity of the bone is rou-
tinely verified with the SaOS-2 cell-proliferation test. This in
vitro laboratory bioassay measures the proliferation of SaOS-2
human osteosarcoma cells in response to incubation with
demineralized bone matrix and compares them with positive
and negative controls. The results of these assays have dem-
onstrated a correlation coefficient of 0.85 (P < .0005) with
implantation of demineralized bone into athymic rat muscle,
the previous gold standard for measuring osteoinduction.?”

The following clinical cases illustrate the use of Re-
generOss Allograft Putty in conjunction with cross-linked

resorbable membranes.
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Case Report

Figure 1 Preoperative clinical photograph of patient with long-standing

active suppurative fistula apical to the central incisor.

Figure 2 The preoperative periapical radiograph
revealed evidence of a post-induced root fracture
on the maxillary central incisor.

Figure 3 Reflection of a full-thickness
flap with distal papillary-releasing
incisions revealed complete loss of the
facial bone plate.

was taken with a 2-mm trephine from the implant osteotomy.

CASE REPORTS

Case 1

A 48-year-old man presented after experiencing multiple
apical abscesses that had recurred during a 3-year period.
Intraoral examination indicated the presence of a large api-
cal fistulous tract at the left central incisor (Figure 1). Radi-

ographic examination revealed a post fracture (Figure 2).
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Figure 4 Implant placed into the
regenerated site.

Figure 5 Periapical radiograph of the
NanoTite PREVAIL 4/5/4 x 11.5-mm Im-
plant placed in a single-stage protocol.

Figure 7 Histology showed the presence of excellent graft
containment with active reversal lines.

The patient was given 1 g of amoxicillin prophylacti-
cally before surgery, to be followed by 500 mg three times
daily for 7 days. The tooth was extracted atraumatically,
yielding evidence of loss of the buccal plate. Subsequent
reflection of a full-thickness flap confirmed a loss of the
facial plate all the way to the apex (Figure 3). The residual

granulomatous tissue was thoroughly debrided from the
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socket, and approximately 1 cm? of RegenerOss Allograft
Putty was extruded and adapted to the defect. A 20-mm x
30-mm OsseoGuard® Resorbable Collagen Membrane
(BIOMET 3i) was positioned over the graft material. Ex-
tensive mesial, distovertical, and periosteal vertical releas-
ing incisions were created in the periosteum, and passive
primary closure was obtained. The patient was sent home
with a removable transitional partial that provided passive
contact with the ridge.

Five-months postsurgery, radiographic examination re-
vealed moderate mineralization with unremarkable soft-
tissue healing. A papilla-preserving full-thickness flap was
reflected, and a 2-mm trephine was used to extract an 8-mm
bone core from the site where an implant was planned for
placement. The core was immediately stored in formalin
and later sent for histologic review.

The implant osteotomy was enlarged sequentially un-

der copious irrigation, and a 4/5/4 x 11.5-mm NanoTite™
PREVAIL® Implant (BIOMET 3;) was placed (Figure 4 and

Figure 5). The implant successfully osseointegrated and

Figure 8 A 4-mm x 13-mm NanoTite Certain Implant was
placed immediately into the extraction site. Note the
significant dehiscence, resulting in exposed facial threads.

Figure 10 Periapical radiograph of the grafted implant site
5-months postsurgery demonstrated excellent bone regeneration.
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was restored. The results of the histologic examination con-
firmed new bone formation. The histologic sections (Fig-
ure 6) displayed new woven bone tissue in conjunction with
the presence of osteoid and osteoblasts. Active remodeling
also was evidenced by the encapsulation of the allograft

amidst the patient’s bone, with thick reversal lines (Figure 7).

Case 2

The patient was a 64-year-old woman who presented in
the wake of a vertical post fracture of her maxillary left lat-
eral incisor. Her only significant medical history was hyper-
tension, controlled through diet.

The same antibiotic regime described for Case 1 was
administered, and an intrasulcular incision was made with
distal release, extending from the left central incisor to the
left cuspid. Reflection of a full-thickness flap revealed a

complete loss of facial plate. The incisor was extracted

atraumatically, preserving the residual alveolar housing. A
4-mm x 13-mm NanoTite™ Certain® Implant (BIOMET 3)

was immediately placed within the residual ridge. Primary

Figure 9 RegenerOss Allograft Putty was extruded and molded
to cover the dehiscence and exposed implant threads.

Figure 11 Re-entry at stage Il implant uncovering and healing
abutment connection.
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stability was achieved, but 13 threads remained exposed on
the facial aspect (Figure 8).

RegenerOss Allograft Putty was adapted to the ridge to
achieve full coverage of the exposed threads (Figure 9), and
an OsseoGuard Membrane was trimmed to fit the contours
of the graft site and placed in position. Passive primary clo-
sure was obtained through aggressive periosteal release.

Primary closure was maintained through the healing peri-
od. Five months after the regeneration and implant placement
procedure, a radiograph indicated successful integration (Fig-
ure 10). At implant uncovering and healing abutment con-
nection, the site was re-entered, revealing extensive hard-tissue
regeneration. The previously exposed threads were complete-

ly encased in newly regenerated bone (Figure 11).

DISCUSSION

Osteoinduction is the process by which new bone is formed
via the stimulation of osteogenic precursor cells that differ-
entiate and form new bone. Osteoinductive materials, by
definition, induce undifferentiated mesenchymal cells to
transform into osteoblasts or chondroblasts.3® Historically,
the osteoinductive properties of commercially available
allograft have been highly variable. Some allografts have
been confirmed to lack any inductivity at all. In contrast,
the routine verification of the osteoinductivity of Re-
generOss Allograft Putty makes it a highly reliable bone-
augmentation material.

The ideal application for this material is within self-
contained defects, where space-making concerns are not of
paramount importance. When attempting to regenerate
bone outside the alveolar housing, the author suggests the
addition of osteoconductive material to ensure that the de-
sired contours are maintained. Similarly, when using the
putty in an extraction socket, the clinician should attempt
to achieve primary closure to prevent patient tongue habits
from displacing the graft material.

Although excellent volumetric fill and vascularity have
been evident upon re-entry of sites grafted with Regener-
Oss Allograft Putty, the density of the bone has often been
judged type 2 to 3 (according to the Lekholm and Zarb
scale). The nature of demineralized allograft material may
explain the seeming disparity between the excellent histo-
logic results and the apparent soft nature of the new bone.
Research by Cammack et al® found significantly less resid-
ual bone in sites augmented with DFDBA, compared with

those augmented with the mineralized variety, even though
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no statistical difference in percentages of new bone formed
was found at sites grafted with each material. This suggests
that the mineralized material may take longer to resorb, creat-
ing the appearance of harder bone at sites grafted with it. Yet,
the differences between the two materials appeared to have no

bearing on the success or failure of the graft or implant.

CONCLUSION

DFDBA combined with a lecithin carrier and routinely ver-
ified for osteoinductivity provides an excellent alternative
to autogenous bone in oral sites where bone augmentation
is necessary to ensure ideal implant restorative outcomes.
This nontoxic material is commercially available, avoids
the morbidity associated with the harvest of autograft ma-
terial, has excellent handling characteristics, and appears to
enhance bone formation, as compared with other allograft
bone products. Histologic examination of sites grafted with
this material has confirmed the development of well-vascu-
larized bone marrow and newly formed bone. Further in-
vestigation is needed to yield additional insight into the
osseoinductive capacity achieved when this material is

combined with other graft materials.

DISCLOSURE
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