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Abstract: The aim of this research was to determine the bone formation capacity in fenestration defects associated
with dental implants using absorbable and non-absorbable membranes. Six dogs were used in the study. In both
tibias of each animal 3 implants were installed, and around these 5 mm circular defects were created. The de-
fects were covered with absorbable membranes (experimental group 1), non-absorbable membranes (experimental
group 2), and the third defect was not covered (control group). At 3 and 8 weeks post-surgery, the animals were eu-
thanized and the membranes with the bone tissue around the implants were processed for histological analysis. The
statistical analysis was conducted with Tukey’s test, considering statistical significance when p<0.1. Adequate bone
repair was observed in the membrane-covered defects. At 3 weeks, organization of the tissue, bone formation from
the periphery of the defect and the absence of inflammatory infiltrate were observed in both experimental groups,
but the defect covered with absorbable membrane presented statistically greater bone formation. At 8 weeks, both
membrane-covered defects showed adequate bone formation without significant differences, although they did in
fact present differences with the control defect in both periods (p>0.1). In the defects without membrane, continu-
ous connective tissue invasions and bone repair deficiency were observed. There were no significant differences in
the characteristics and volume of the neoformed bone in the defects around the implants covered by the different
membranes, whereas the control defects produced significantly less bone. The use of biological membranes con-
tributes to bone formation in three-wall defects.
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Introduction autogenous grafts and biomaterials, where the

synergy with biological membranes has proven

Bone regeneration has been used successfully
in different animals and human models of oral
implantology and others conditions [1-3].

In cases of bone deficiency associated with the
receptor site, there is the possibility of filling the
sector with bone grafts or covering it with bio-
logical membranes [3, 4]. The decision to use
some of these strategies is based on the char-
acteristics of the defect, its location, vascular-
ization of the zone, among others [5, 6].

It is known that the bone graft contributes to
bone neoformation in some defects using both

successful [7]. The choice of membrane sys-
tem, however, undergoes constant modifica-
tions on the basis of its progression and struc-
tural development.

Absorbable membranes are generally compo-
sed of collagen, which allows them to degrade;
the speed of this degradation depends on its
composition and the time needed for the mem-
brane to isolate the bone defect [8]. Non-
absorbable membranes are formed by other
compounds like cellulose that afford them rigid-
ity and stability and must be removed in a sec-
ond surgery, which implies higher morbidity [9].
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Figure 1. Implants positioned in the animal’s tibia
with defects 5 mm in diameter formed by trephines
burs.

The aim of this research was to identify bone
formation and quality in fenestration defects
associated with the installation of dental im-
plants.

Material and methods
Sample

Six healthy adult dogs, each weighing approxi-
mately 6 kg, from the experimental research
unit of the State University of Campinas, Brazil,
were used in this study. The animal procedures
were approved by the research ethics commit-
tee of the State University of Campinas by
1343-9 protocol.

Surgical procedure

The animals were sedated with an intramuscu-
lar injection of ketamine hydrochloride (0.15
ml/kg) and general anesthesia with 3% sodium
pentobarbital (30 mg/kg). Both tibias were
operated on. Aseptic procedures and trichoto-
my of the surgical site were performed prior to
the 5 c¢m horizontal incision. The soft tissues
were separated and the periosteum was rel-
eased and the bone exposed. Three perfora-
tion sites were established in each tibia for the
insertion of implants, with 1 cm of separation
between them. At each site a 9 mm deep perfo-
ration was made using the sequence of surgi-
cal drills indicated by the manufacturer (INP,
Sistema de Implantes Nacionais e de Proteses
Comeércio Ltda.), with a 16:1 contra-angle hand-
piece mounted on a surgical motor at 1000
rom and profuse physiological saline for irr-
igation.
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Figure 2. Defects covered by non-absorbable mem-
brane (cellulose) left, absorbable membrane (colla-
gen) center and without cover (control) right.

Around each insertion site, circular artificial
bone defects were created using a 5 mm tre-
phine bur. In depth, the defects reached the
medial tibia, thus resembling the fenestration
defects present in the installation of implants
in edentulous maxillae. A profuse irrigation and
cleaning were performed to eliminate detritus
from the preparation (Figure 1).

In each site, a titanium implant was inserted: 9
mm long and 3.5 mm wide, external-hex con-
nection, with a rough surface due to the che-
momechanical treatment with sandblasting
performed by the manufacturer. The primary
stability of the implants was obtained manually
over 35 N with a ratchet specially designed for
this phase.

Two of the three defects in each tibia were cov-
ered with membranes. An absorbable mem-
brane was placed on the first defect (experi-
mental group 1), and on the second defect a
non-absorbable membrane (experimental gro-
up 2). The third defect was not covered (control
group). Selection of the defects covered by
membranes was random. For experimental
group 1, a collagen membrane with a non-fria-
ble matrix derived from bovine deep flexor ten-
don was used; it has a flat, condensed and tex-
turized surface with 0.004 um pores. For exper-
imental group 2, a cellulose membrane made
from artificial skin was used; it is formed from a
biosynthetic matrix of two biologically inert,
semipermeable, semitransparent layers, with
variable perforation diameters and tensile
strengths. The inner layer is made up of a net-
work of crystalline cellulose microfibrils that
gives the membrane stiffness; the outer layer is
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Figure 3. Defect covered by absorbable membrane
3 weeks: osteogenic activity in the periosteal region
(RP) with differences between the neoformed bone
tissue (ON) and the previously existing tissue (OP).
MT 100X.

formed of alkali cellulose of varying porosity
(Figure 2).

In both cases, the membranes were hydrated
with physiological saline to make them mold-
able, and they were installed on the defect
around the implant taking into consideration at
least 5 mm of contact between membrane and
bone to stabilize its position.

All the dogs were kept under veterinary care. No
complications were observed and all the dogs
survived the surgical procedures.

Euthanasia and sample processing

Euthanasia periods at 3 and 8 weeks were esti-
mated after the surgery, with 3 animals at each
point. Between these periods, the animals that
had not yet been euthanized were kept in the
same place. For the euthanasia, the animals
were first sedated under the same pharmaco-
logical protocol indicated previously, and then
were given a lethal dose of 19.1% potassium
chloride. To expose the implants and defects,
the same steps were followed as in the first sur-
gery. The bone blocks were removed from the
tibia using a 1 cm safety margin lateral to the
installed implants. The samples were fixed in
4% formaldehyde for 48 h at room tempera-
ture, washed with water and decalcified in 20%
sodium citrate solution and 50% formic acid in
equal parts for seven months. Each bone block
was sectioned lengthwise to the implant,
including the area of the artificial defect, and
the bone was separated from the implant. The
bone samples were dehydrated in decreasing
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Figure 4. Defect covered by non-absorbable mem-
brane 3 weeks: clear differences between the neo-
formed bone tissue (ON) and the previously existing
tissue (OP). HE 100X.

solutions of ethyl alcohol and set in paraffin for
histological analysis.

Histological and histometric analysis

Serial histological slides 6 um thick were pre-
pared and stained following the protocols for
hematoxylin-eosin (HE) and Mallory’s trichrome
(MT) staining techniques, and observed through
an optical microscope. The descriptive analysis
defined the presence of blood vessels, bone
cells, trabeculae, medullary spaces and con-
nective tissues, with magnifications of 10X and
100X. A 200 X 200 uym? frame was placed on
the images (0.8 mm?3 with total volume count of
32 mm?) for the histometric analysis; the mea-
surement selection was done according to
described techniques [10]. A minimum count of
600 points per group was defined in each
euthanasia period. 3 slides were counted for
each specimen. The data were analyzed with
an ANOVA for group study and Tukey’s test with
a 1% level of significance.

Results
Histological analysis at three weeks

Experimental group 1, absorbable collagen
membrane: Osteogenic activity was observed
in the proximity of the periosteum as well as
early bone formation. In the entire defect,
immature trabeculated bone was observed,
with lacunae, blood vessels and lax connective
tissue in its interior, maintaining a clear differ-
ence between this and the adjacent bone that
presented a compact pattern with Haversian
canals and concentric lamellae. The bone neo-
formation seemed to go from the endosteal
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Figure 5. Defect without cover at 3 weeks: clear dif-
ferences between the neoformed bone tissue (ON)
and the previously existing tissue (OP) with presence
of connective tissue (TC) inside the defect. HE 100X.

region to the inside of the defect; no areas of
inflammatory resorption or inflammatory cells
were observed (Figure 3).

Experimental group 2, non-absorbable cellu-
lose membrane: Osteoblastic activity was obs-
erved with bone neoformation filling the defect,
immature bone and some blood vessels; lax
connective tissue inside lacunae and multiple
osteoblasts on the periphery. There was a clear
limit between the defect and the adjacent
bone, with no presence of osteoclasts or inflam-
matory infiltrate (Figure 4).

Control group, without membrane: The pres-
ence of immature bone tissue was observed
inside the defect with ample medullary spaces
and trabeculae, osteoblasts on the periphery,
connective tissue and blood vessels. There was
a smaller amount of bone tissue in formation
compared to the membrane-covered defects;
the margins between the defect and the adja-
cent bone were well differentiated, without find-
ing areas of resorption although some inflam-
matory cells were observed (Figure 5).

Histological analysis at eight weeks

Experimental group 1, absorbable collagen me-
mbrane: The defects were observed to be com-
pletely filled with neoformed bone tissue with
greater maturation, a denser bone pattern and
reduced medullary spaces; the presence of
osteoblasts and blood vessels was also obs-
erved. In some places there was no difference
between the area of bone neoformation and
pre-existing bone. No areas of necrosis or pres-
ence of inflammatory cells were found (Figure
6).
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Figure 6. Defect covered by non-absorbable mem-
brane 8 weeks: apposition of neoformed bone tissue
(ON) is observed on the periphery of the defect with
few differences between the defect and the previ-
ously existing bone (OP). HE 100X.

Experimental group 2, non-absorbable cellu-
lose membrane: The bone defects were obs-
erved to be filled with newly formed bone, pre-
senting reduced medullary spaces and com-
pact trabecular. In some images the cellulose
membrane was seen to be in contact with con-
nective tissue; bone apposition of neoformed
tissue on the margins of the defect with no evi-
dence of areas of necrosis. Osteoclast activity
and inflammatory infiltrate were absent (Figure
7).

Control group, without membrane: Multiple are-
as of fibrous tissue were observed without
presence of osteoblast activity. In most of the
lamellae, isolated immature bone tissue was
observed with invagination of the connective
tissue to the inside of the defect. The neo-
formed bone tissue was observed on the
periphery of the defect, with clear differences
from the pre-existing bone. No inflammatory
cells were observed (Figure 8).

Histometric analysis

Statistically significant differences were obs-
erved between the created defects and their
bone repair. The defects covered by collagen
membrane showed a statistically greater bone
repair than those covered by cellulose mem-
branes (p<0.1) and those without membrane in
the three-week period (p<0.1). At 8 weeks, the
defects protected by absorbable and non-
absorbable membrane did not present any sig-
nificant differences but were statistically great-
er than the defect without membrane protec-
tion (p<0.1). In general terms, the formed bone
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Figure 7. Defect covered by non-absorbable mem-
brane 8 weeks: apposition of the neoformed bone
tissue (ON) is observed on the bone that was there
previously (OP); in contact with the membrane areas
of connective tissue and immature bone matrix are
observed. HE 100X.

volume was greater in defects covered by col-
lagen membrane, followed by those covered by
cellulose membrane and the defect without
cover (Table 1).

Discussion

Bone repair is influenced by several factors,
including the size and shape of the defect, cor-
tical or spongy bone quality, quality of the adja-
cent periosteum, general systemic conditions
of the subject and others [5]. Different publica-
tions have reported on the difficulty of bone
repair when the defects are of a critical size
[11] or the vascular capacity of the peripheral
bone tissue is deficient, circumstances in which
the contribution of elements like the biological
membranes and bone grafts or substitutes can
improve the repair process.

Guided bone regeneration has been used in
the management of defects in long bones [1],
regeneration of dental alveoli after exodontia
[2] and in the management of defects adjacent
to installed dental implants [12, 13].

The results of this study demonstrated that the
bone repair in the artificially created defects is
of better quality and greater volume when bio-
logical membranes are used, because these
act as a physical barrier to separate the overly-
ing connective tissue from the bone and pre-
vent the soft tissue from invading the defect,
while also protecting the blood clot during the
first stages of healing. Although these mem-
branes partially isolate the bone defect from
the periosteum in the bone repair, the porosity
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Figure 8. Defect covered by non-absorbable mem-
brane 8 weeks: apposition of the neoformed bone
tissue (ON) much smaller and clear differences be-
tween the defect and the previously existing bone
are observed. Abundant connective tissue was ob-
served with invasion of the defect towards the inside
of the cavity. HE 100X.

of the membrane may allow some interaction
between the periosteum and the defect [5],
which affords the adjacent bone a fundamental
role in the bone neoformation phase. Thus, the
treatment of patients with different types of
membranes, with or without the use of bone
graft, has been successful [14], showing versa-
tility and adequate bone formation.

The circular model of defect used in this study
resembles the conditions found in fenestration
defects and peri-implant resorptions that affect
implants installed in both the maxilla and the
mandible, offering an adequate comparison,
unlike other models that generate quadrilateral
defects, with straight walls and angles, those
that are covered by different types of mem-
branes but do not effectively replicate the heal-
ing process of the circular defect, which begins
from the periphery, as we observed in all the
cases studied.

Considerations about the bone defect without
membrane protection

In defects without biological membranes, even
though they were not large, the collapse of the
repair was observed due to connective tissue
entering the defect and to the fact that in the
absence of a bone graft, the repair began from
the periphery of the defect. These results were
observed in previous studies [15] and more
extreme results were observed [16] where was
established that the fenestration of implants
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Table 1. Measurements of bone volume formed at different euthanasia periods (mm?2)

Defect 3 wks. P (3 wks.) 8 wks. P (8 wks.)
Defect with absorbable membrane (collagen) 22.13 P<0.1 25.12 P<0.1
Defect with non-absorbable membrane (cellulose) 18.29 P>0.1 25.71 P<0.1
Control defect 14.83 P>0.1 18.45 P>0.1

Application of Tukey’s test with statistical significance if P<0.1.

was covered by bone tissue in 3.5% of the
cases that did not use membranes and 75% of
the cases that did. Other authors [17] showed
experimental surgery in defects created in rats,
where the second week the expression of alka-
line phosphatase, osteopontin and osteocalcin
was observed, whereas in the soft tissue out-
side the membrane there was no expression. At
the fourth week adequate bone repair was
observed, concluding that the collagen-based
membrane fibers might also contribute to the
bone formation of the defect. Our results sho-
wed that in defects without membranes there
as a disorganized area of connective tissue
with islands of bone tissue on the periphery of
the defect, confirming these authors’ findings.

Considerations about membrane chose

Perhaps the most important bone regeneration
results are bound up with the quality of the
membrane and its composition. The fibrillar
composition of the collagen membrane can
also act as an osteoconductive factor in bone
neoformation [18]; on the other hand, rough
surfaces can act with greater cell adhesion [19]
since the size of the membrane pores is also
related to the type of cells able to permeate the
membrane [8].

The collagen-based composition allows hemo-
static activity, facilitates clot stabilization and
does not cause immunological reactions bec-
ause collagen is one of the most common pro-
teins in the human body [20]. The degree of dis-
integration of the membrane, then, is secured
by the degree of membrane crosslinking.

The non-absorbable membranes require a sec-
ond procedure for their extraction, which invo-
Ives renewed displacing of the periosteum and
with it bone loss at the separation site [9];
exposure to the oral environment is also more
complicated when the membrane is not absorb-
able. In fact, the study by Gotfredsen [21]
showed that when the membrane was exposed,
there was less bone formation than in defects
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where no membrane was used. Additionally,
when the non-absorbable membrane was kept
below the periosteum, the bone formation was
greater than in the control group. Our results
corroborate the efficiency of both membrane
systems, there being similarities in the out-
comes and better results than the defect with-
out membrane.

Other biological membrane systems have been
successfully applied, where the fibrin-rich plas-
ma has been used as a membrane to cover
access windows to the maxillary sinus, proving
equally as efficient as the collagen membranes
[22].

Was reported that guided bone regeneration
depends on the appropriate use of the mem-
brane, soft tissue stability, creation and main-
tenance of the space, close adaptation between
the membrane and the adjacent bone and ade-
quate recovery time [23]. In addition, was con-
cluded that fenestration defects created in
canine models regenerated with new bone in
contact with the implant when collagen mem-
branes were used; despite some exposure,
regeneration only underwent minor volumetric
changes. For other hand, the use of collagen
membrane and a hydrogel membrane applied
in a spray on defects linked to implants in
humans was reported showing vertical bone
formation of 5.6 mm in the defect with collagen
membrane and 4.25 mm in the defect area
treated with hydrogel, which was considered
satisfactory in terms of regeneration [24].

Considerations about the membrane-protected
bone defect with no use of bone graft

The results found by Hurzeler [9] in post-extrac-
tion dental alveoli showed that the absence of
a bone graft meant a decrease in the volume of
bone repair, probably due to the collapse of the
membrane on the cavity. Other research sho-
wed that bone formation in the defect filled with
bone graft was almost twice as great as the
control group (defect treated without filling) and
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was almost three times greater when a biologi-
cal collagen membrane was incorporated, dem-
onstrating the contribution of the membrane in
bone regeneration of the sector [3]. Another
study on dogs conducted by Schwars [7] ins-
talled implants with a created fenestration
defect covered by hydroxyapatite plus beta tri-
calcium phosphate or collagen-coated natural
bone mineral with a collagen membrane,
obtaining total cover of the bone defect with
the formation of new bone tissue at 9 weeks
post-surgery, which confirmed the adequate
osteoconduction capacity of the materials tog-
ether with the membrane that stabilized the
bone graft; this may be responsible for the suc-
cess of the membrane-covered bone graft
since the stability of the installed material and
the maintenance of a metabolism almost exclu-
sively associated with bone could justify the
best response when the grafted material
(autogenous or biomaterial) is covered by a
membrane. This is why the use of biomaterials
in conjunction with collagen membranes has
been successful in other clinical studies, dem-
onstrating new bone formation and bone stabil-
ity in the filled defects [4].

Finally, we can conclude that in this animal
model, bone regeneration in fenestration de-
fects associated with implants can be filled
with bone when they are protected with biologi-
cal absorbable or non-absorbable membra-
nes.
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