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Guided bone regeneration (GBR) has made the
placement of implants possible in sites that were

not a part of the original implant protocol.  It has
been successfully applied for increasing the width
and height of the alveolar ridge before implant
installation and in the treatment of peri-implant bone
defects in experimental animals(1,2) and in clinical
cases.(3,4) Recently, it has been further applied in pre-
serving extraction sockets, in the adjunct to immedi-
ate implant placement(5,6) or in the treatment of fenes-
tration or dehiscence of implants at sites compro-
mised by insufficient bone.(2-4,7)

The GBR technique refers to a surgical proce-
dure by which utilizing porous membranes as a
mechanical barrier to create a secluded space around
the defects to permit bone regeneration without the
competition of other tissue. (8) Nonresorbable
expanded polytetrafloroethylene (e-PTFE) mem-
branes, collagen membranes, or other bioabsorbable

polymer barriers have been used for this purpose.
These barriers can be used alone or supported by
either autogenous bone grafts or various bone substi-
tutes.  The efficacy of these various procedures has
been evaluated clinically and histologically.(9-15)

CASE REPORT

A 45-year-old woman sought dental treatments
with a chief complaint of missing some teeth and
looking for a new restoration on her left maxilla.  An
old cantilevered fixed partial denture was dislodged
when the patient presented.  Clinical and radiograph-
ic examinations revealed that the left maxillary first
and second premolars were 2 residual roots.  An api-
cal radiolucency was noted on the second premolar.
The first and second molars were missing.
Extraction of the 2 residual roots was recommended.
The edentulous ridge presented a nice ovoid appear-

Guided Bone Regeneration for Fenestration Defects in 
Dental Implants

Hwey-Chin Yeh, DDS, MS; Kuang-Wei Hsu1, DDS

Guided bone regeneration has been applied in implant dentistry for increasing the width
and height of the alveolar ridge in areas with insufficient bone. Various materials and tech-
niques have been used for this purpose. It refers to a surgical procedure by which utilizing a
mechanical barrier to create a secluded space around the defect to permit bone regeneration
without the competition of other tissues. This report presents a case with buccal fenestra-
tions on maxillary implant sites observed during a surgical procedure. An allograft and a
non-resorbable membrane were concomitantly used to increase the width of the alveolar
ridge. Hard tissue regeneration was evident clinically. The implants were restored for func-
tioning and followed for 2 years. Factors affecting outcomes are also discussed. Membrane
stability and the space-making effect remain the keys to success. (Chang Gung Med J
2003;26:684-9)

Key words: guided bone regeneration, membrane, non-resorbable, allograft, demineralized
freezed-dried bone.

From the Division of Periodontics, 1Division of Prosthodontics, Department of Dentistry, Chang Gung Memorial Hospital, Taipei.
Received: Dec. 5, 2002; Accepted: Mar. 12, 2003
Address for reprints: Dr. Hwey-Chin Yeh, Division of Periodontics, Department of Dentistry, Chang Gung Memorial Hospital. 5,
Fushing Street, Gueishan Shiang, Taoyuan, Taiwan 333, R.O.C. Tel.: 886-3-3281200 ext. 8326; Fax: 886-3-3281200 ext. 8320;
E-mail: ma3187@cgmh.org.tw



Chang Gung Med J Vol. 26 No. 9
September 2003

Hwey-Chin Yeh, et al.
Guided bone regeneration

685

ance regarding the width and height after 8 months
of healing of the extraction sockets.  The gingiva was
pale pink.  The masticatory mucosa was sufficient.

Since the patient rejected a removable prosthesis
for psychological reasons, a computerized tomogra-
phy was taken after tooth extraction to evaluate the
osseous morphology for implant installation.  It
revealed sufficient bone height but limited bone
width.  An area of thick soft tissue, which gave the
edentulous ridge a nice wide appearance, was noted
on the buccal side (Fig. 1).  Considering the align-
ment and the angulations of the implant fixtures
needed for restoring prosthesis of acceptable occlu-
sion, a GBR procedure is most likely indicated in
cases of buccal dehiscence or fenestration created
during a surgical procedure.  However, the patient
withdrew from the surgical procedure and cancelled
further appointments when she was informed of the
details of the GBR.

Six months later she showed up in our clinic and
asked for implant therapy again.  A full-thickness
paracrestal incision was made toward the palatal side
of the edentulous ridge.  Two buccal vertical releas-
ing incisions were also made.  Three smooth-surface
pure-titanium implants (Branemark, Nobel Biocare
AB, Goteborg, Sweden) were carefully placed
according to the standard procedure described by
Adell et al.(16) Standard 3.75-mm-diameter implants
with a length of 13 mm were used.  Primary stabi-
lization was achieved by anchoring the implants in
the alveolar bone apically.  Buccal fenestrations were
noted on the second and third implants 5 mm above
the crest of bone.  Four and seven threads were
exposed respectively (Fig. 2A).  To provide suffi-
cient blood supply, decorticalization between
implants was  on the buccal cortical plate using a
rotary instrument.  To create a space between the
barrier and the bone surface, 3 stainless steel tenting
screws (OsseoFix, 3I, Palm Beach Gardens, FL,
USA) were placed between implants. Demineralized
freeze-dried bone allograft (250-500 µm, Dembone,
Pacific Coast Tissue Bank, Los Angeles, CA, USA)
was humidified and grafted onto the fenestration
areas. An e-PTFE membrane (GTAM, WL Gore,
Flagstuff, AZ, USA) was stabilized onto the grafted
site with 4 stainless steel fixation screws (OsseoFix)
(Fig. 2B).  The buccal flap was partially split.  The
flaps were closed with a horizontal mattress and
interrupted sutures of nonresorbable material (WL

Gore).  Postoperatively, 500 mg amoxicillin q.6.h.
and 400 mg ibuprofen t.i.d. were given for 14 days.
Chlorhexidine (Scodyl, 0.12%, Taipei, Taiwan)
mouth rinse was also prescribed.  The sutures were
removed after 14 days.  The patient had no immedi-
ate denture through the healing period. She was
recalled once a week for the first month and then
once a month until the second-stage surgery.

After 10 months of healing, second-stage
surgery was performed.  The surgical area was
reopened with a paracrestal full-thickness incision
and 2 vertical releasing incisions.  Although the
coronal edge of the membrane was slightly elevated
during the reflecting procedure, most parts of the
membrane had remained intact and firmly attached to
the bony surface.  The fixation screws were then
loosened and removed, and the e-PTFE membrane
was also removed.  Previously existing fenestrations
were covered by newly formed reddish hard tissue
(Fig. 2C).  The tenting screws were not visible and
were thus left in place.  The cover screws were
replaced by healing abutments.  The flap was apical-
ly positioned on the buccal side and sutured with silk
by interrupted sutures.  The wound healed unevent-
fully.

A 3-unit implant-supported fixed partial pros-
thesis was inserted 2 months after the second-stage
surgery.  Slight marginal tissue erythema resulting
from insufficient oral hygiene was noted during the
recall visits (Fig. 2D).  The implant-supported pros-
thesis was followed-up for 2 years, and it was seen to
be in excellent condition and to have good function.
Neither symptoms nor signs of clinical infection

Fig. 1 The computerized tomography revealed sufficient
bone height but limited bone width.
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Fig. 2 (A) Three smooth-surface pure-titanium implants were placed. Buccal fenestrations were noted on the second and third
implants. (B) The fenestration sites were grafted with demineralized freezed-dried bone allograft, covered by an e-PTFE membrane
with 3 tenting screws underlying and stabilized with 4 stainless steel fixation screws. (C) The fixation screws and the membrane
were removed after 10 months. Previously existing fenestrations were covered by newly formed reddish hard tissue. The tenting
screws were not visible. (D) The 3-unit implant-supported fixed partial prosthesis inserted 12 months after the GBR procedure.

Fig. 3 Periapical radiographs. (A) initial; (B) implant installation with the GBR technique; (C) membrane removal; (D) after 2
years in function.
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were found. A radiographic exam suggested that the
bone level was being maintained (Fig. 3).  The
patient has been very satisfied with the result.

DISCUSSION

One should never be too cautious about carrying
out a very successful surgical procedure with a future
treatment plan.  When the expected conditions
encounter clinical limitations, the clinician usually
makes compromises with the treatment plan.  In this
case, for example, changing the alignment of the fix-
tures, using angulated abutments, or resulting a com-
promised occlusal scheme had to be considered.  On
the other hand, preparing a substitute procedure,
such as a GBR technique, to solve the problems chal-
lenges the clinician's knowledge and skill and is also
limited by the development of biomaterials.

The clinical outcome of this case clearly demon-
strated a positive effect of the barrier membrane on
bone regeneration around the implant.  Several fac-
tors could have influenced the quantity of bone for-
mation in a GBR technique.  The space-maintaining
capability and its duration of the barrier membrane
are the most important ones.  Dahlin et al.(1,3) demon-
strated that the amount of bone regeneration is deter-
mined and limited by the available space.  Although
some absorbable membranes, such as poly lactic acid
and poly glycolic acid (PLA/ PGA)(12,15) or colla-
gen,(13) have been applied in the GBR technique, their
stiffness and duration have been questioned.
Sandberg et al.(17) noted that some resorbable mem-
branes used in their study showed a lack of stiffness,
resulting in the collapse of the membrane into the
defect area, causing the newly formed bone to take
on an hourglass shape.  Absorbable membranes gen-
erally start to resorb after 4 to 6 weeks. With mem-
brane resorption, the barrier effect could decrease too
soon to achieve complete bone regeneration.  In a
comparative histologic human study, Simion et al.(12)

found that e-PTFE membranes were the most effec-
tive barrier material, in that denser and a greater
amount of regenerated bone were found.  PLA/PGA
membranes produced some bone regeneration when
compared to control sites, but to a lesser extent com-
pared to e-PTFE sites.  It seems that the tenting
screws and the stiffness of the e-PTFE membrane as
used in this case guarantee the maintenance of an
adequate space between the membrane and the dehis-

cence defect.
Some previous studies have suggested the use of

bone graft to avoid barrier deformation.  Autogenous
bone graft provides the most predictable osteogenic
result. However, a second surgical site is needed to
harvest the graft material, which discourages patients
from the GBR procedure. Bone replacement grafts,
such as DFDBA alone,(9,14) a composite graft of
DFDBA/FDBA,(15) or hydroxyapatite (HA),(13) have
been used with variable results reported.  In the evi-
dence of a histologic human study by Simion et al.,(14)

viable bone was observed in the absence of inflam-
matory cell infiltrate in regenerated bone by using an
e-PTFE membrane with DFDBA.  Because of the
limited availability of bone substitute, only DFDBA
was used in this case.  Although no histologic analy-
sis was done, the clinical appearance seemed to be
satisfactory and comparable to that of a previous
study.

Thicknesses of the soft tissue and primary clo-
sure of the flaps are also important aspects of the sur-
gical procedure to maintain wound stability during
healing.  Early exposure of the membrane, with con-
sequential bacterial contamination of the healing tis-
sues, hinders bone regeneration, despite careful
maintenance with chlorhexidine application.(18)

Nowzari and Slots showed that implant sites with
submerged barrier membranes throughout their
9-month study were free of cultivable microorgan-
isms and experienced significantly more osseous
healing than sites with prematurely exposed mem-
branes.(19) In the present report, the patient had rela-
tively thick soft tissue and maintained intimate clo-
sure of the wound throughout the healing period,
thus providing a nice environment for bone regenera-
tion without bacterial invasion. 

The result of this case suggests that a non-
resorbable e-PTFE membrane with DFDBA can be
used for treating fenestration defects around
implants.  The compilation of case series information
is ongoing in order to determine whether predictable
results maintain long-term stability and clinical bene-
fit.
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