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Abstract: Lateral ridge augmentation has become a standard treatment option to
enhance the bone volume of deficient recipient sites prior to implant placement. In
order to avoid harvesting an autograft and thereby eliminating additional surgical
procedures and risks, bone grafting materials and substitutes are alternative filler
materials to be used for ridge augmentation. Before clinical recommendations can be
made, such materials must be extensively studied in experimental models simulating
relevant clinical situations. The present pilot study was conducted in three dogs.
Different grafting procedures were evaluated for augmentation of lateral, extended
(8¿10¿14 mm) and chronic bone defects in the mandibular alveolar ridge. Experimental
sites received tricalcium phosphate (TCP) granules or demineralized freeze-dried bone
allograft (DFDBA) particles. Barrier membranes (ePTFE) were placed for graft protection.
These approaches were compared to ridge augmentation using autogenous cortico-
cancellous block grafts, either with or without ePTFE-membrane application. After a
healing period of six months, the sites were analyzed histologically and
histomorphometrically. Autografted sites with membrane protection showed excellent
healing results with a well-preserved ridge profile, whereas non-protected block grafts
underwent bucco-crestal resorption, clearly limiting the treatment outcome. The tested
alloplastic (TCP) and allogenic (DFDBA) filler materials presented inconsistent findings with
sometimes encapsulation of particles in connective tissue, thereby reducing the crestal
bone width. The present pilot study supports the use of autografts with barrier
membranes for lateral ridge augmentation of extended alveolar bone defects.

Implant-borne tooth restorations have
become a standard of care in modern
dentistry. Ridge augmentation pro-
cedures have clearly widened the scope
of implant treatment. Among the vari-
ous techniques to reconstruct or enlarge
a deficient alveolar ridge, guided bone re-
generation (GBR) has become a predict-
able and well-documented surgical ap-
proach (Buser et al. 1999). Although
autogenous bone grafts (autografts) are
unequivocally accepted as the standard
of care, bone allografts, xenografts and

alloplasts (substitutes) are being exten-
sively studied in order to avoid the har-
vesting procedure of autogenous bone
(Misch & Dietsh 1993; Gross 1997). The
reasons most frequently cited for using
an alternative bone grafting material are
donor site morbidity and insufficient
volume of (intraorally) harvested
autogenous bone. However, these ap-
parent shortcomings of autografts are
outweighed by their safety in terms of
disease transmission and immunologic
aspects. New surgical techniques and in-
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struments, i.e. bone collectors, tre-
phines, chisels, bone mills, and so on,
have optimized the harvesting procedure
of autogenous bone. However, ridge aug-
mentation of extended or non-contained
bone defects frequently requires larger
amounts of bone than can be procured
intraorally. To avoid complex and expen-
sive extraoral bone harvesting pro-
cedures, research activities focus more
and more on using bone substitutes.
Apart from requirements such as clinical
manageability and safety, these ma-
terials should undergo complete re-
modeling and substitution by newly
formed bone in view of placing dental
implants in such augmented sites.

In a recent experimental study, Buser et
al. (1998) analyzed bone regeneration
using different grafting materials pro-
tected by an ePTFE-membrane. After an
extraoral incision, acute standardized de-
fects were created in the mandibular
angle of 12 miniature pigs. The defect
fillers tested included a collagen sponge, a
demineralized freeze-dried bone allograft
(DFDBA; source: tibia of miniature pig),
tricalcium phosphate (TCP) granules and
coral-derived hydroxyapatite (HA) gran-
ules. These grafting materials were com-
pared to the blood clot as the negative
control and to particulate autogenous
cortical bone as the positive control. His-
tomorphometric analysis after 4, 12 and
24 weeks of healing revealed the best re-
sults for autografts in the early phase of
healing, whereas TCP demonstrated 70%
new bone formation at the completion of
the study compared to 54% in auto-
grafted sites. Less bone formation was ob-
served for HA (49%) and DFDBA (44%).
Since the negative control sites (blood
clot) also showed a high percentage of
bone regeneration (55%) at the com-
pletion of the study, it was assumed that
the chosen model, i.e. a five-wall defect in
an animal with an excellent osteogenic
potential, led to an overall favorable re-
sponse. Therefore, it was decided to test
these promising TCP granules in a more
demanding and clinically more relevant
experimental model. Although DFDBA
yielded disappointing results in the afore-
mentioned study, this material was also
included in the present evaluation since
it is widely used in GTR (guided tissue re-
generation) and GBR procedures (Mel-
lonig & Nevins 1995).
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Hence, the objective of this pilot study
was to evaluate lateral ridge augmenta-
tion using TCP and DFDBA particles
with ePTFE-membrane protection, com-
pared to autogenous bone with or with-
out membrane application.

Material and methods
Study design and time schedule

The experimental study was designed as
a pilot study employing three dogs. Ini-
tially, all premolars and first molars
were removed bilaterally to create eden-
tulous ridges. Simultaneously, two lat-
eral bone defects were made on each side
in the mandible by removing the buccal
cortex. Two months later, the defect
sites were reentered for lateral ridge aug-
mentation using various grafting ma-
terials and procedures. All animals were
sacrificed 6 months following ridge aug-
mentation.

Animals

Three lab-bred American foxhounds
were used in this study. At the begin-
ning, these animals were about 2 years
old and weighed approximately 30 kg.
The study was conducted according to
the guidelines of the Department of Lab-
oratory Animal Resources at UTHSCSA
and the protocol was approved by the In-
stitutional Animal Care and Use Com-
mittee at UTHSCSA.

Pre- and postoperative medication

All surgical procedures were performed
under general anesthesia in an operating
room. For premedication, the following
agents were used: Acepromazine (0.25
mg/kg, AceprojectA, Vetus Animal
Health, Burns Vet Supply, Rockville
Center, NY, USA) and Atropine (0.04
mg/kg, Atroject S.A.A, Vetus Animal
Health) s.c., and a 4% solution of Thio-
pental-Na (25–30 mg/kg, PentothalA,
Abbott Laboratories, North Chicago, IL,
USA). Subsequently, the dogs were intu-
bated and were administered an inhal-
ation of 1–3% isoflurane (AEraneA,
Ohmeda Carbide Inc., Liberty Corner,
NJ, USA) in O2-maintenance. After dis-
infection of the surgical site with 10%
povidone-iodine solution (ClinidineA,

Clinipad Co., Guilford, CT, USA), local
anesthetic (Lidocaine HCl 2% with
epinephrine 1:100,000, Henry Schein
Inc., Port Washington, NY, USA) was ad-
ministered by infiltration at the respect-
ive buccal and lingual sites.

Postoperatively, the dogs received 20
mg Nalbuphine s.c. b.i.d. (NubainA, As-
tra Pharmaceutical Products Inc.,
Westborough, MA, USA) as an analgesic.
Three ml of Benzathine-Penicillin
150,000 π Procaine-Penicillin G 150,000
(Pen-BA, Pfizer Inc., Lee’s Summit, MO,
USA) were administered s.c. s.i.d. every
48 hours for 7–10 days. In addition, 100
mg of the antibiotic Gentamicin (Gento-
cinA, Schering-Plough Animal Health
Corp., Kenilworth, NJ, USA) were given
s.c. on day 1 b.i.d., and the same dosage
s.i.d. from days 2–10. To reduce swell-
ing, the dogs received 4 mg Dexametha-
sone i.m. (DexajectA, Burns Veterinary
Supply, Oakland, CA) s.i.d. on days 1
and 4.

For suture removal, an i.v. sedation
with a combination-agent of RAAKΩ
Rompun-Xylazine (7.1 mg/ml, X-Ject EA,
Vetus Animal Health)/Acepromazine
(2.1 mg/ml) /Atropine (0.1 mg/ml) /Keta-
mine (50 mg/ml, KetasetA, Fort Dodge
Laboratories Inc., Fort Dodge, IA, USA)
was administered (1.1 ml/15 kg bw).

Oral hygiene procedures were carried
out two times a week using 0.2% chlor-
hexidine gel (Plak-OutA Gel, Hawe Neos
Dental, Biaggio, Switzerland). A soft diet
was maintained throughout the study.

Surgery 1 (Extraction and defect creation)

Sulcular incisions were made with sub-
sequent reflection of full mucoperiosteal
flaps. In the mandible, all premolars (P1-
P4) and the first molar (M1) were re-
moved, whereas in the maxilla P2 and
P3 were extracted. Prior to removal, all
two-rooted teeth were sectioned em-
ploying a separating disk to ease root ex-
traction. Subsequently, two ‘‘chronic-
type’’ bone defects (length 14 mm,
heigth 10 mm, depth 8 mm) were
created in the mandible by removing the
buccal bone plate (Fig. 1). The two de-
fects encompassed approximately the
extraction sites of P2 and P4. A small
round bur was used to outline the defect
margins on the buccal bone plate. Subse-
quently, the bur holes were connected
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Fig. 1. Sequence of surgical treatment: (top left) outlining of lateral bone de-
fects in surgery 1; (top right) reentry at surgery 2 demonstrating chronic bone
defects; (bottom left) placement of grafting material around ‘‘tent-pole’’ screw;
(bottom right) ePTFE-membranes draped over augmentation sites, note mem- Fig. 2. Schematic illustrations of the four tested grafting procedures.
brane fixation screws.

employing a fissure bur, and the buccal
bone plate was removed with a chisel
placed in the cut groove. In order to ac-
centuate the defect, a pear-shaped bur
was utilized. Caution was exercised to
retain the lingual cortex and the height
of the crest. All drilling was done with
sterile saline irrigation. Finally, the flaps
were reapproximated with interrupted
sutures. These were removed two weeks
postoperatively.

Surgery 2 (Ridge augmentation)

Two months later, the defect sites in the
mandible were reopened using a mid-
crestal incision from P1 to M1 (Fig. 1).
Vertical releasing incisions enabled full
access to the area. All granulation tissue
was carefully removed from the for-
merly created ridge defects. To open up
the bone marrow space around the
chronic-type bone defect, small holes
were drilled into the surrounding cancel-
lous compartment. The four bone de-
fects were then augmented in four differ-
ent ways with random assignment of
each grafting treatment (Table 1, Fig. 2).

Table 1. Randomization of treatment options per dog and mandibular bone defect

Mesial defect in right Distal defect in right Mesial defect in left Distal defect in left
Dog mandible (R1) mandible (R2) mandible (L1) mandible (L2)

Dog .2583 AutograftπM DFDBAπM Autograft alone TCPπM

Dog .2584 DFDBAπM AutograftπM TCPπM Autograft alone

Dog .2586 DFDBAπM AutograftπM TCPπM Autograft alone

MΩmembrane DFDBAΩdemineralized, freeze-dried bone allograft TCPΩtricalcium phosphate
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Site 1: Autogenous bone (Autograft)
alone

Site 2: Autogenous bone (Autograft)
with ePTFE-membrane

Site 3: Tricalcium phosphate (TCP) with
ePTFE-membrane

Site 4: Canine demineralized freeze-
dried bone allograft (DFDBA)
with ePTFE-membrane

The autografts were harvested from
the site of the formerly extracted M1.
Cortico-cancellous block grafts were
procured from the buccal aspect using a
small round bur to outline the grafts
with a series of perforations. These were
then connected with a side-cutting fis-
sure bur and the fragments relieved with
a chisel placed in the cut groove. In ad-
dition, cancellous bone was harvested
with a surgical spoon. The block grafts
were immediately transplanted to their
assigned defect sites and secured with a
stabilization screw (MemfixA, Institut
Straumann AG, Waldenburg, Switzer-
land). Cancellous bone chips were placed
on all sides around and on top of the
monocortical block graft. Per dog, one
autografted site was subsequently

covered with an ePTFE-membrane
(GTAMA, W.L. Gore & Associates, Flag-
staff, AZ, USA). The membrane was in-
dividually trimmed to overlap the defect
margins by about 2 mm. The membrane
was stabilized with two MemfixA fix-
ation screws at the base on the buccal
aspect. Subsequently, it was draped over
the augmented site and tucked under-
neath the mobilized lingual flap. The
third defect was grafted with DFDBA
particles processed from canine tibia
(Osteotech Inc., Shrewsbury, NJ, USA).
The graft particles measured 250–500
mm. The remaining defect was aug-
mented with TCP granules (CerosATCP,
Robert Mathys AG, Bettlach, Switzer-
land) for ridge augmentation. The gran-
ules had a particle size of 0.7–1.4 mm, a
porosity of 60% and a pore size of 100–
400 mm. Both DFDBA- and TCP-sites re-
ceived membranes. In order to prevent
membrane collapse, a supporting Mem-
fixA screw was inserted into the lingual
cortex in the middle of the defect. The
defects were then densely packed with
the bone grafting material which was
mixed with blood obtained from the sur-
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Fig. 3. Definitions of the evaluated tissue compartments within the bone de- Fig. 4. Horizontal measurements of actual bone gain at different defect levels;
fect delineated by the membrane. determination of level of 6 mm ridge width.

gical site following bone marrow perfor-
ation. Membrane adaptation and fix-
ation were carried out similarly to the
technique specified above. To facilitate a
fluid-tight and tension-free wound clo-
sure, the periosteum was released at its
base. Wound margins were then reap-
proximated and closed with horizontal
mattress and interrupted sutures. Su-
tures were removed two weeks post-
operatively.

Sacrifice

All animals were sacrificed six months
after lateral ridge augmentation. Eutha-
nasia was performed with an overdose of
pentobarbital sodium 0.2 ml i.v. (Ω65
mg/kg, Euthanasia-5A, Henry Schein
Inc.). Subsequently, the mandibles were
block-resected using an oscillating
autopsy saw and the recovered segments
were immediately immersed in a solu-
tion of formaldehyde 4% combined with
CaCl2 1% prior to histologic prepara-
tion.

Histologic and histomorphometric analysis

The specimens were prepared for his-
tology as described by Schenk et al.
(1984). Non-decalcified specimens were
embedded in methyl-methacrylate and
stained with toluidine blue and basic
fuchsin. Orofacial step sections with a
thickness of approximately 80 mm,
spaced at intervals of about 1 mm, were
obtained for descriptive histology and hi-
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stomorphometric analysis. For the latter
evaluation, all sections were photo-
graphed and prints were made at exactly
¿10 magnification of the original sec-
tions. Tissue compartments within the
bone defect area were delineated and
measured using a superimposed grid for
point counting. Percentages of each
compartment were subsequently calcu-
lated for areas showing new bone tissue
with integrated filler particles, soft
tissue encapsulating non-integrated
filler particles, and the rest (soft tissue
without filler particles) (Fig. 3). Since
percentage values are only relative, abso-
lute measurements were obtained for
the actual bone gain, i.e. the width of
bone regeneration. Distances were meas-
ured from the inside of the residual lin-
gual cortex to the most buccal aspect of
new bone formation at levels 50%, 75%,
88% and 100% of the height of the for-
mer bone defect (Fig. 4). In view of sub-
sequent placement of a root-form dental
implant with an outer diameter of 4
mm, the crest level was identified where
it measured at least 6 mm. In addition,
the distance from the top of the original
crest to this 6 mm line was determined.

Statistical analysis

Although 5 to 7 sections were obtained
per site, these were only used to increase
the precision of measures per site.
Therefore, the section values were aver-
aged per site with a statistical test per-
formed using only one value per site.

One-way analysis of variance was em-
ployed to determine if any significant
differences were present across the four
treatments for a given parameter. If the
resulting F-test was significant (P∞0.05),
then Bonferroni-adjusted Student’s t-
tests were run to identify treatments
that were significantly different from
each other (P∞0.05).

Results
Clinical findings

The overall postoperative wound healing
was excellent. Only two minor soft
tissue dehiscences were noted in the
right mandible of one dog, without
further healing disturbances.

Descriptive histology

Autograft alone (Fig. 5)

Two sites augmented with an autogen-
ous block graft without membrane pro-
tection showed resorption at the bucco-
crestal aspect of the autograft. Bone for-
mation could not completely keep up,
thus resulting in a partial, and therefore
inadequate, bony fill of the created de-
fect. In both of these sites it was obvious
that the cortical portion of the block
graft had undergone remodeling only to
a small extent, but the osteoconductiv-
ity, i.e. deposition of new bone onto the
block surface, was deemed to be excel-
lent. The gaps around the head and the
shaft of the stabilization screw might
have resulted from initial micromotion
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Fig. 5. Histology of the three sites treated by autogenous block grafts alone. Fig. 6. Histology of the three sites augmented with autogenous block grafts
covered with an ePTFE-membrane.

of the graft-screw-complex prior to oss-
eous integration of the block graft. In
comparison, the thread portion tapped
into the lingual cortex always showed
intimate bone contact.

AutograftπePTFE-membrane (Fig. 6)

Sites augmented with an autogenous
block graft and ePTFE-membrane
coverage demonstrated the most favor-
able and consistent results in terms of
ridge expansion and new bone forma-
tion. However, the use of a barrier
membrane did not seem to accelerate
the remodeling of the cortical portion
of the autograft. With regard to preserv-
ing the contour of the alveolar ridge,
this treatment option showed excellent
ridge profiles for the accommodation of
a root-form dental implant. Another
finding was the formation of a neo-cor-
tex immediately beneath the ePTFE-

Fig. 7. Histology of the three sites receiving TCP granules covered with an Fig. 8. Histology of the three sites treated with DFDBA particles protected by
ePTFE-membrane. an ePTFE-membrane.
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membrane. However, direct bone-to-
membrane contact was seen less often
than anticipated from previous experi-
mental studies. In contrast to the other
grafting procedures, more bone appo-
sition was noted on the shaft or head
of the fixation screw.

TCPπePTFE-membrane (Fig. 7)

Sites augmented with TCP granules
and ePTFE-membrane coverage
exhibited very inconsistent findings
with regard to ridge contour and
amount of new bone formation. One
TCP-site had an excellent outcome,
whereas the other two TCP-sites
showed poor results. On the other
hand, regenerated bone in TCP-sites
had more bone-to-membrane contact
than all other treatment modes. Inde-
pendent of the quantity of new bone
formation, all TCP-sites showed re-

sidual graft particles. TCP granules
were also found embedded in connec-
tive tissue beneath the membrane and
around the stabilization screw. The
membrane also had a tendency to col-
lapse toward the bone defect.

DFDBAπePTFE-membrane (Fig. 8)

Sites augmented with DFDBA particles
and ePTFE-membrane application also
showed great variability in contour
maintenance and new bone formation.
One site demonstrated a well-preserved
ridge with excellent new bone forma-
tion. However, the other DFDBA-sites
presented with poor osseous regenera-
tion. Large areas of DFDBA particles
embedded in connective tissue were
present adjacent to the barrier mem-
brane. As for TCP-treated sites, areas
around the ‘‘tent-pole’’ screw demon-
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Table 2. Area of tissue compartments (in percent) within membrane-protected bone defect
(mean∫SD)

Autograftπ TCPπ DFDBAπ
Tissue compartment Membrane Membrane Membrane

New bone tissue including integrated filler particles 91.1∫7.9 76.6∫14.4 74.3∫15.8

Soft tissue with encapsulated filler particles 0.8∫2.3 11.4∫10.9 18.8∫17.8

Rest (soft tissue without filler particles) 8.1∫6.3 12.0∫6.4 6.8∫5.2

TCPΩtricalcium phosphate DFDBAΩdemineralized, freeze-dried bone allograft

Table 3. Measurements (in mm) of horizontal bone gain at different defect levels (mean∫SD)

Autograft Autograftπ TCPπ DFDBAπ
Defect level alone Membrane Membrane Membrane

Bone gain at 50% 7.3∫1.2 7.2∫1.7 4.8∫1.3 3.8∫2.0

Bone gain at 75% 4.2∫2.3 6.0∫1.2 3.7∫1.4 3.4∫1.3

Bone gain at 88% 2.9∫1.9 4.9∫0.9 2.8∫1.4 2.9∫1.1

Bone gain at 100% 1.5∫1.6 3.5∫1.1 1.9∫0.9 1.7∫1.0

TCPΩtricalcium phosphate DFDBAΩdemineralized, freeze-dried bone allograft

Table 4. Distance (in mm) from top of alveolar crest to 6 mm ridge width (mean∫SD)

Autograft alone AutograftπMembrane TCPπMembrane DFDBAπMembrane

1.6∫1.2 0.9∫0.7 2.2∫1.6 2.3∫1.5

TCPΩtricalcium phosphate DFDBAΩdemineralized, freeze-dried bone allograft

strated the least amount of bone forma-
tion.

Histomorphometry

Tissue compartments were only ana-
lyzed for three treatment options. Auto-
grafted sites without membrane appli-
cation were excluded from this analysis
since the defect area was not confined by
a membrane. Among the evaluated treat-
ment options, autografts with mem-
brane protection (autograftπM) showed
the highest percentage of new bone
tissue with integrated graft particles
(91.1∫7.9%) compared to 76.6∫14.4%
for TCPπmembrane-treated sites and
74.3∫15.8% for DFDBAπmembrane
(Table 2). However, the differences be-
tween the three treatment options
(P±0.3) were statistically not significant.
With regard to horizontal measurements
of ridge enlargement, autograftπM sites
showed the highest values (i.e. the
largest bone gain) at all defect levels
compared to the other experimental
treatments. For example, bone gain at
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the crestal level for autograftπ
membrane-treated sites measured
3.5∫1.1 mm compared to only 1.5∫1.6
mm for autografts alone or 1.7∫1.0 mm
for DFDBAπmembrane (Table 3). At the
75% defect level, autograftπmembrane-
treated sites showed 6.0∫1.2 mm bone
gain compared to 3.4∫1.3 mm for
DFDBAπmembrane or 3.7∫1.4 mm for
TCPπmembrane. However, differences
were not statistically significant (P±0.1).
The distance from the top of the crest to
the 6 mm line measured only 0.9∫0.7
mm in autograftπM sites, indicating a
well-preserved ridge profile (Table 4).
The worst value was recorded for
DFDBAπmembrane-treated sites with
2.3∫1.5 mm. Again, no significant dif-
ferences were observed across the treat-
ment options (P±0.1).

Discussion

The present pilot study has evaluated
different bone grafting materials for lat-
eral ridge augmentation in an experi-

mental dog model. A clinically frequent
situation with mandibular bone atrophy
was simulated by creating chronic bone
defects on the buccal aspect of the al-
veolar ridge. Although no statistically
significant differences were found in this
pilot study of 3 animals across the tested
treatment options, defect sites aug-
mented with autografts and barrier
membranes showed the most promising
results from a clinical, histologic as well
as histomorphometric perspective. The
present study corroborates data from
other clinical and experimental studies
demonstrating the benefit of combining
autografts and barrier membranes for lo-
calized ridge augmentation using the
GBR principle (Becker et al. 1995, Buser
et al. 1996).

A large number of experimental ani-
mal studies have evaluated the GBR
technique using a barrier membrane.
However, the majority of these experi-
mental studies have reported osteoprom-
otion techniques in extraoral bone de-
fects or bone regeneration around simul-
taneously inserted implants. The
present experimental study has evalu-
ated regeneration of jawbone. Similar ex-
perimental studies evaluating regenera-
tion of jawbone using barrier membranes
with or without a filler material are
listed in Table 5. The great variability of
study parameters such as test animals
(rats, rabbits, minipigs, dogs, monkeys),
surgical access (intraoral, extraoral), type
and size of bone defect (acute, chronic;
transosseous, contained) and defect loca-
tion (ramus, alveolar ridge) make a com-
parison of the studies difficult.

A number of studies were conducted
in rats, a low phylogenetic animal char-
acterized by a high osteogenic potential
(Dahlin et al. 1988; Sandberg et al. 1993;
Dahlin et al. 1994; Zellin et al. 1995; Fu-
rusawa et al. 1998; Salata et al. 1998;
Zahedi et al. 1998). In addition, most of
these studies analyzed bone regeneration
of acute, small and transosseous bone
defects in the mandibular ramus. These
models, therefore, do not represent the
typical clincial situation encountered in
patients where a chronic and large bone
defect is often present on the buccal as-
pect of the alveolar ridge.

The first experimental study utilizing
the membrane technique for ridge aug-
mentation of such defects was published
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Table 5. Summary of experimental animal studies evaluating the GBR principle for jawbone promotion without concomitant or subsequent
implant insertion

Defect
Author Animal Access Site Defect size type Tested membranes Fillers

Dahlin et al. 1988 Rat Intraoral Mandibular angle Ø 5 mm transosseous Acute ePTFE None

Dahlin et al. 1990 Monkey Intraoral Mandibular alveolar 12¿8 mm; apical Acute ePTFE None

ridge through-and-through

Seibert & Nyman Dog Intraoral Maxillary and 13¿7¿3.5 mm Chronic ePTFE Porous HA blocks; tissue

1990 mandibular alveolar contained, buccal growth matrix (porous

ridge PTFE)

Sandberg et al. Rat Extraoral Mandibular angle Ø 5 mm Acute ePTFE; 3 bioabsorbable None

1993 transosseous PLA/PLG prototypes with

different resorption

times (8, 20, 40 weeks)

Dahlin et al. 1994 Rat Extraoral Mandibular angle Ø 5 mm Chronic ePTFE None

transosseous

Fritz et al. 1994 Monkey Intraoral Mandibular alveolar 10¿8 mm and 16¿8 mm;Chronic ePTFE reinforced with a None

ridge crestal through-and- polypropylene mesh

through

Schenk et al. 1994 Dog Intraoral Mandibular alveolar 12¿10¿8 mm Acute ePTFE; prototype None

ridge crestal through-and- reinforced ePTFE

through

Bartee & Carr 1995 Rat Extraoral Mandibular angle Ø 4 mm Acute High-density nPTFE None

transosseous (TefGen-FD)

Smukler et al. 1995 Dog Intraoral Maxillary and Vertical and buccal Chronic ePTFE; allogenic bone Cortical columns of

mandibular alveolar deficiencies (size N/A) membrane DFDBA (canine source)

ridge

Zellin et al. 1995 Rat Extraoral Mandibular angle Ø 5 mm Acute 10 different non- and None

transosseous bioabsorbable

membranes

Buser et al. 1998 Minipig Extraoral Mandibular angle 12¿12¿5 mm Acute ePTFE Collagen, autograft,

contained, buccal DFDBA, TCP, HA

Furusawa et al. Rat N/A Mandibular alveolar Ø 2 mm (1–1.5 mm Acute Collagen Bioactive glass particles

1998 ridge deep)

contained, buccal

Lundgren et al. 1998 Rabbit Intraoral Maxillary alveolar ridge 11¿5¿3 mm Acute ePTFE; occlusive or None

contained, buccal perforated titanium foils

Salata et al. Rat Extraoral Mandibular ramus Ø 3 mm Chronic ePTFE HA granules, glass

1998 transosseous ionomer granules

Zahedi et al. 1998 Rat Extraoral Mandibular ramus Ø 5 mm Acute Collagen (bovine Type I) None

transosseous

Simion et al. 1999 Dog Intraoral Mandibular alveolar 10¿8¿10 mm Acute Titanium-reinforced None

ridge crestal through-and- ePTFE, two prototypes of

through titanium-reinforced

ePTFE

ePTFEΩexpanded polytetrafluoroethylene HAΩhydroxyapatite N/AΩnot available

DFDBAΩdemineralized freeze-dried bone allograft TCPΩtricalcium phosphate

by Seibert & Nyman in 1990. In fact,
similar to the present study, chronic and
buccal bone defects were created in the
premolar area in the maxilla and man-
dible of two beagle dogs. Three months
later, ridge augmentation was performed.
A filler material (HA) was used for space
maintenance, with or without ePTFE-
membrane coverage. In addition, some
sites received only membranes or were
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sham-operated. Evaluation included
comparison of photographs taken at dif-
ferent time intervals and histologic as-
sessment at the completion of the study
after 2–3 months. Histologically, spaces
provided by membrane coverage were
filled with bone matrix which had not yet
matured. Sites without filler material
showed membrane collapse towards the
defect, reducing the amount of newly

formed bone. No new bone formation
was observed in the sham-operated con-
trol sites without membrane application.

The use of GBR to fill even larger bone
voids was reported by Fritz et al. (1994).
Extended chronic, mandibular bone de-
fects created through en bloc resection
were examined in three primates. Since
no bone fillers were utilized, the ePTFE-
membranes were reinforced with a poly-
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propylene mesh lamination for space
maintenance. Within 4 weeks, two out
of six membrane sites experienced soft
tissue dehiscence with subsequent infec-
tion. The remaining sites healed un-
eventfully. Histologically, substantial
new bone formation was found after 12
months and the regenerated bone ex-
hibited normal maturation dynamics.
These findings were corroborated in a
similar experimental model conducted
in dogs (Schenk et al. 1994). Standard
and prototype reinforced ePTFE-mem-
branes without a filler material were
used to evaluate the pattern of bone re-
generation of acute and transosseous
bone defects located in the mandibular
alveolar ridge. The histologic evaluation
showed a sequence of maturation steps
closely resembling the pattern of bone
development and growth. Control sites
without barrier membranes clearly re-
sulted in less bone formation. The bene-
fit of using a barrier membrane was also
shown in the present study comparing
the two autograft treatment options
with or without membrane coverage.
Block grafts with membrane application
maintained their contour, whereas non-
protected block grafts underwent crestal
and buccal bone resorption.

Only one other experimental study
has evaluated DFDBA filler materials
for lateral ridge augmentation of non-
periimplant bone defects in dogs using
the membrane technique (Smukler et
al. 1995). Similar to the present study,
chronic and buccal bone defects of the
alveolar ridge were treated with differ-
ent surgical methods. Experimental
sites received barrier membranes
(ePTFE or allogenic bone membranes),
and allogenic cortical bone struts were
inserted for membrane support. In
some sites, the voids were filled with
DFDBA particles. Control sites were
not covered with membranes. At the
completion of the study after 3
months, osseous regeneration was
histologically observed only in mem-
brane-protected defects. The added
DFDBA particles were usually embed-
ded in connective tissue and, appar-
ently, did not contribute to bone re-
generation. A similar conclusion was
drawn from the present study in which
the application of DFDBA particles π
membrane did not enhance bone for-
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mation in lateral ridge augmentation of
large bony defects. Similarly, clinical
and experimental studies have
questioned the use of DFDBA around
dental implants since DFDBA particles
were often found enmeshed in mini-
mally inflamed connective tissue
(Becker et al. 1995; Becker et al. 1996).

With regard to the TCP filler ma-
terial, apart from the minipig study by
Buser et al. (1998) mentioned in the in-
troduction, no other experimental
study has been published evaluating
this material in conjunction with
membrane coverage for osseous
regeneration of large bone defects. The
promising results obtained in the cited
minipig study or in studies conducted
in other extraoral sites (Nagahara et al.
1992; Breitbart et al. 1995; Hamson et
al. 1995) could not be confirmed in the
present study. The particulate texture
of the TCP filler material in combi-
nation with the geometry of the bone
defect might have led to graft insta-
bility. As a consequence, large areas of
the filler material were encapsulated by
connective tissue, suggesting initial
micromotion. Apparently, the ‘‘tent-
pole’’ screw did not enhance the sta-
bility of the grafting material, since it
was also encapsulated by soft tissue.
Therefore, this treatment option of
using an alloplastic filler material pro-
tected by a barrier membrane but with-
out the addition of autogenous bone
appears to be least predictable for lat-
eral augmentation of large bone defects
of the alveolar ridge. In general, a par-
ticulate grafting material irrespective of
its source might be more susceptible to
initial micromotion compared to a
block graft stabilized with a fixation
screw. The present study has clearly
demonstrated such an association, sug-
gesting less favorable terms for the
tested DFDBA and TCP granules for
lateral ridge augmentation of large bone
defects compared to autogenous bone
blocks.

Conclusions

1) Within the limits of this pilot study,
cortico-cancellous block grafts and
bone chips covered with an ePTFE-
membrane were found to be superior

to the other grafting procedures in
terms of ridge enlargement and
amount of new bone formation.

2) Autografts with membrane protec-
tion also yielded the best crestal con-
tour in view of subsequent placement
of a root-form dental implant.

3) In contrast, autografts without mem-
brane protection showed considerable
crestal bone resorption.

4) Both DFDBA and TCP filler ma-
terials, although protected with an
ePTFE-membrane, yielded inconsist-
ent results with a large variability of
treatment outcome.

5) Although significant differences
among the four treatment conditions
were not found, likely due to the
limited number of animals, autogen-
ous bone covered by an ePTFE-mem-
brane showed the most consistent
and predictable results.
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Résumé

L’épaississement latéral de crête osseuse est devenu
une option de traitement standard pour augmenter le
volume osseux de sites trop peu importants et devant
recevoir des implants. Afin d’éviter une autogreffe et
ainsi éliminer les procédures chirurgicales addition-
nelles et les risques qui y sont associés, des matériaux
de greffage osseux et des substituts ont été proposés.
Avant que les recommandations cliniques puissent
être faites, ces matériaux doivent être extrêmement
bien analysés lors d’études expérimentales simulant
les situations cliniques. L’étude pilote suivante a été
effectuée sur trois chiens. Différents processus de
greffage ont été comparés pour l’épaississement de lé-
sions latérales, étendues (8¿10¿14 mm) et chroni-
ques dans la crête alvéolaire mandibulaire. Les sites
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expérimentaux ont reçu des granules de phosphate tri-
calcique (TCP) ou des particules allographes osseuses
congelées, séchées et déminéralisées (DFDBA). Des
membranes barrières en téflon (ePTFE) ont été placées
pour protéger ces greffons. Ces approches chirurgica-
les ont été comparées à l’épaississement de la crête
utilisant des greffons en bloc d’os autogène cortical
et spongieux avec ou sans utilisation de membranes
ePTFE. Après six mois de guérison les sites ont été
analysés histologiquement et histomorphométrique-
ment. Les sites autogreffés avec protection membra-
naire montraient d’excellents résultats de guérison
avec un profil de la crête bien constitué tandis que les
greffons en bloc non-protégés subissaient une ré-
sorption vestibulo-crestale limitant clairement la sui-
te du traitement. Les matériaux testés alloplastiques
(TCP) et allogéniques (DFDBA) apportaient des résul-
tats inconsistants avec parfois une mise en capsule de
particules dans le tissu conjonctif réduisant ainsi la
largeur osseuse crestale. Cette étude pilote propose
donc l’utilisation des autogreffes avec des membranes
barrières pour l’augmentation latérale des crêtes os-
seuses de lésions alvéolaires étendues.

Zusammenfassung

Der seitliche Alveolarknochenkammaufbau ist zur
Standardbehandlung beim Aufbau von fehlendem
Knochen an den für Implationen vorgesehenen Stellen
geworden. Um die Entnahme von autogenen Trans-
plantaten und den somit zusätzlichen operativen Ein-
griff mit all seinen Risiken zu vermeiden, können
Knochentransplantate und Ersatzmaterialien alterna-
tive Füllstoffe für den Knochenkammaufbau sein. Be-
vor jedoch klinische Empfehlungen abgegeben werden
können, müssen solche Materialien in experimentel-
len Modellen, die klinisch relevante Situationen nach-
stellen, gründlich studiert werden. Diese Pilotstudie
wurde mit drei Hunden durchgeführt. Man untersuch-
te verschiedene Transplantationsverfahren zum Auf-
bau ausgedehnter (8¿10¿14 mm), seitlicher und chro-
nischer Knochendefekte am Unterkieferalveolar-
kamm. Die experimentellen Stellen wurden aufgebaut
mit Tricalciumphosphatkörnern (TCP) oder entmine-
ralisierten, gefriergetrockneten Knochentransplantat-
körnern (DFDBA). Zum Schutz der Transplantate
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brangeschützte und mit allogenem Material gefüllte
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schützten Blöcke waren einer bucco-crestalen Resorp-
tion unterworfen, die ganz klar das klinische Resultat
einschränkte. Die getesteten alloplastischen (TCP)
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Resumen

El aumento de la cresta lateral se ha convertido en una
opción de tratamiento estándar para incrementar el
volumen óseo de lugares de recepción deficientes an-
tes de la colocación del implante. En orden a evitar la
recolección de un autoinjerto y por lo tanto eliminar
procedimientos quirúrgicos y riesgos, los materiales
de injerto óseo y los sustitutos son unos materiales de
relleno alternativos para ser usados en aumentos de la
cresta. Antes de poder hacer recomendaciones clı́ni-
cas, dichos materiales deben ser estudiados extensiva-
mente en modelos experimentales que simulen las si-
tuaciones clı́nicas relevantes. En presente estudio pi-
loto fue conducido en tres perros. Se evaluaron
diferentes procedimientos de injertos para el aumento
de defectos óseos laterales, extensos (8¿10¿14 mm) y
crónicos en la cresta alveolar mandibular. Los lugares
experimentales recibieron gránulos de fosfato tricálci-
co (TCP) o partı́culas de aloinjerto óseo desmineraliza-
do congelado seco (DFDBA). Se colocaron membranas
de barrera (ePTFE) para la protección del injerto. Estos
enfoques se compararon con aumentos de la cresta
usando injertos autógenos en bloques corticales, tanto
con como sin aplicación de membranas- ePTFE. Des-
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