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Abstract

The guided bone regeneration (GBR) technique is often applied to provide sufficient bone for ideal implant placement. The
objective of this study was to evaluate whether GC membrane®, which has already been used for guided tissue regeneration
(GTR), can also be available for GBR. Twenty-three implants in 18 patients were evaluated in the study. All patients under-
went implant placement with GBR using GC membrane®. Cone-beam computed tomography was performed at 13-30 weeks
after surgery and the amount of augmented bone was assessed. The implant stability quotient (ISQ) was measured at the
second operation to evaluate implant stability. Although wound dehiscence was observed at 4 of 23 regions (17.4%), all
wounds closed quickly without any events by additional antibiotic administration. GBR-induced bone augmentation of
0.70-2.56 mm horizontally and 0-6.82 mm vertically. Only 0.18 mm of bone recession was observed at 16-24 months after
implant placement. GBR with GC membrane® induced sufficient bone augmentation, leading to successful implant treatment.
The present results suggest that GC membrane® is available not only for GTR, but also for GBR.
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Introduction

Dental implant treatment is one of the reliable treatment
strategies for oral rehabilitation of the edentulous alveolus.
However, the placement of an implant at the ideal position
and direction is often difficult at the edentulous region,
because the alveolar bone recedes with time after tooth loss,
especially on the labial/buccal side [1]. In such cases, bone
augmentation, including bone transplantation and guided
bone regeneration (GBR), is necessary to improve the out-
come of dental implant treatment both functionally and
esthetically. GBR is more popular because of its reliability
and need for less intervention.

A resorbable or non-resorbable membrane is essential for
GBR to prevent soft tissue invasion at the bone augmenta-
tion site [2, 3]. It was reported that a non-resorbable mem-
brane shows more bone regenerative ability than a resorbable
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membrane because of its persistent blocking effect on soft
tissue invasion [4, 5]. However, a non-resorbable membrane
has some disadvantages compared with a resorbable mem-
brane. First, a non-resorbable membrane requires an addi-
tional surgical intervention for its removal after an appro-
priate period. Second, there is a risk of infection through
membrane exposure resulting from wound dehiscence.
Meanwhile, a resorbable membrane has the great advantage
of not requiring removal. However, resorbable membranes
made from porcine or bovine collagen, comprising most
commercially available membranes [6], have an insufficient
space-forming period of 2-3 months [7, 8] Thus, we focused
on a bioabsorbable synthetic material as a GBR membrane.

GC membrane® (GC Corporation, Tokyo, Japan) is com-
posed of polylactide-co-glycolide acid (PLGA), a bioabsorb-
able synthetic polymer. This membrane has already been
used clinically for guided tissue regeneration (GTR), and
provided favorable outcomes with no epithelial invasion or
severe complications including infection [9, 10]. The objec-
tive of GTR is to regenerate periodontal tissue, including
cementum, periodontal ligament and bone, around a natural
tooth [11]. Conversely, the objective of GBR is to regenerate
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bone tissue around a dental implant [7, 12]. This study aimed
to access the efficacy of GC membrane® for GBR.

Materials and methods

This single cohort clinical study was approved by the Clini-
cal Research Ethics Committee of Nagasaki University Hos-
pital (Approval No. 14052640).

Patients

The study included patients who required simultaneous
dental implant placement with alveolar ridge augmenta-
tion. All patients agreed to have dental implant treatment
with GBR using GC membrane® according to our protocol,
and provided written informed consent to participate in the
study. Patients who were heavy smokers (more than 10 per
day), abused alcohol, or suffered from uncontrolled diabetic
disease, hypertension, and other systematic diseases treated
by bisphosphonates or denosumab were excluded from the
study.

GBR procedure

Autologous bone was collected by scraping the surrounding
cortical bone with a harvesting tool (Safescraper®; META,
Reggio Emilia, Italy) and transplanted onto the exposed
implant body with platelet-rich plasma (PRP) after implant
placement. PRP was prepared from the patient’s own periph-
eral blood by centrifugation in a Medifuge® (Silfradent Stl,
Santa Sofia, Italy). The transplanted bone was covered with
GC membrane®, and the wound was primarily closed with-
out any tension (Fig. 1). Patients were prescribed sitafloxacin
(100 mg) for 5 days.

Evaluation

The following patient characteristics were assessed.

Sex and age.

Bone augmented region.

Type of dental implant system.

Clinical symptoms including inflammation (gingival
swelling, redness, recession, dehiscence, pus discharge)
during the healing period.

5. Horizontal and vertical bone augmentation at the second
operation (Fig. 2).
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Fig.2 Bone augmentation. The augmented bone was horizontally
measured at the implant platform (HWO0) and at 1 mm (HW1), 3 mm
(HW3), and 5 mm (HWS5) below the implant platform, and verti-
cally measured from the platform to the original crestal alveolar bone
(VH2). The impacted implant length in the original bone (VHI1) was
also measured
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Fig. 1 Surgical strategy. a Implant exposure. b Autologous bone with PRP was transplanted on the exposed implant. ¢ A PLGA membrane cov-
ered the transplanted bone and the wound was primarily closed without tension
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The augmented bone was evaluated by cone-beam
computed tomography (CBCT) after the healing period
(mean 16.1 weeks; range 13-30 weeks). The second
operation was then performed. Because several factors,
including overloading and infection, influence the bone
around dental implants [13] following attachment of the
superstructure, the augmented bone was assessed before
the second operation to determine the bone augmen-
tation effect of GBR using the GC membrane® in this
study. Based on previous reports [14, 15], the horizontal
width (HW) of the augmented bone by GBR was meas-
ured. The CBCT images were reconstructed by Sim-
Plant Pro 15.0 software (Materialise, Dentsply Implants,
Molndal, Sweden) and the HW values were evaluated by
the cross-sectional findings in the middle of the implant.
The perpendicular line to the implant body axis was
defined as the horizontal line. The labial/buccal bone
width was measured horizontally at four levels: implant
platform level (HWO0), and 1, 3, and 5 mm below the
implant platform (HW1, HW3, and HWS5, respectively).
The vertical height of the lingual impacted implant
in the original bone (VH1) was measured. The verti-
cal height of the augmented bone (VH2) was defined
as the distance from the top of the augmented bone to
the original crestal alveolar bone. VH2 represented the
amount of the implant exposure from the original bone
after implant placement.

6. Vertical bone recession on the latest X-ray film in the
follow-up period.

To evaluate the vertical bone resorption, the distance
from the implant platform to the alveolar crest was
measured on the latest X-ray film during the follow-up
period (1624 months after implant placement). The dis-
tance was corrected by the implant length on each film.

7. Implant stability quotient (ISQ) at the second operation.

The ISQs of all implants were measured to evaluate
implant stability using the Osstell ISQ® (Osstell, Goth-
enburg, Sweden) at the second operation. The relation-
ships between ISQ and torque value at implant place-

Results
Patients

Seven males (mean age: 58.4 years; range 46—67 years) and
11 females (mean age: 56.0 years; range 41-72 years) were
included in the study. Five dental implants were embed-
ded in the maxilla and 18 were embedded in the mandible.
Twenty one of 23 implants (91.3%) were embedded in pre-
molar/molar regions (Table 1). Four implant systems were
applied (Table 2).

Postsurgical progress

Transient wound swelling was observed in most cases
after implant placement with GBR, but no swelling was
maintained for more than 2 weeks. Although wound dehis-
cence causing membrane exposure was observed at 4 of
23 regions (17.4%), infection, leaking of autologous bone,
and implant exposure were not observed, and all wounds
closed within 4 weeks without any events with additional
preventive administration of antibiotics. The ISQ at the sec-
ond operation was not dependent on the transient wound
dehiscence. The final restoration was achieved in all cases
and there was no implant exposure during the follow-up
period (16—24 months). No symptoms of infection, such as
pus discharge, swelling, redness, and pain, were observed
in all cases.

Horizontal and vertical bone augmentation

HWO was 0.70 + 0.60 mm and there was no exposure of
implant threads. HW1, HW3, and HES were 1.00 + 0.58,

Table 2 Types of implant systems and mean ISQ values at the second
operation

) i Implant system No. of ISQ (range)
ment, VH1, VH2, and healing period were assessed. implants
ASTRA TECH implant system 7 80.6 (71-84)
Straumann dental implant system 8 78.1 (72-84)
Branemark system 5 74.0 (69-83)
BIOHORIZONS implant systems 3 81.3 (77-85)
Total 23 78.7
Table 1 Bone augmented region Region Total 9 3 4 5 6 7

Maxilla 5 0 2 0

Mandible 18 0 4 4 6 3

Total 23 1 6 4 7
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Table 3 Horizontal bone augmentation (mm)

Region HWO HWI1 HW3 HWS
Horizontal 0.70+0.60 1.00+0.58 1.75+1.54 2.56 + 1.90
width
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Fig. 3 Relationship between the torque value at the implant place-
ment and the ISQ at the second operation
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1.74 + 1.54, and 2.56 + 1.90 mm, respectively. VH1 was
2.6-11.0 mm (mean: 6.5 mm) and VH2 was 0-6.82 mm
(mean 3.52 mm). The ratio of exposed and embedded
implant length was also calculated. VH2/VH1 was 0-1.97
(mean 0.71). VH2/(VHI1 + VH2) was 0-0.66 (mean 0.36),
meaning that 36% of the implant body was exposed from the
original bone (Table 3).

1SQ

The ISQ was measured for 19 of 23 implants at the second
operation, and the mean value was 78.7 (range 69-85). Even
the lowest ISQ (69) was higher than 62.6, as the value con-
sidered to reflect osseointegration [16]. The ISQ was not
dependent on the torque value at implant insertion in the 18
implants measured for both ISQ and torque (Fig. 3). The ISQ
was also independent from the implant system (Table 2),
VHI, VH2 (Fig. 4), and healing period (> 13 weeks; Fig. 5).

Vertical bone recession on X-ray films
The vertical bone recession was evaluated on X-ray films

taken at 16-24 months after the implant insertion with GBR.
Twenty two of 23 implants could be evaluated. The distance
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Fig.4 Relationships between the VH values and the ISQ at the second operation
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Fig.5 Relationship between the healing period and the ISQ at the
second operation

from the implant platform to the distal and medial crests of
the alveolar bone was 0-1.5 mm (mean 0.18 mm).

Discussion

GBR with GC membrane® led to successful augmentation
of sufficient alveolar bone comparable to previous reports
of GBR with non-resorbable membranes [3]. However,
GC membrane® has an advantage over non-resorbable
membranes, as it does not require removal because of its
bio-absorbability. The present study indicates that GC
membrane® is applicable not only for GTR, but also for
GBR.

GBR is an efficient and popular bone augmentation tech-
nique [17] with non-resorbable membranes, such as polyte-
trafluorethylene, or resorbable membranes, such as colla-
gen or polyethylene glycol (PEG) [3]. McGinnis et al. [18]
reported that augmented bone by GBR with a resorbable
membrane exhibited unpredictable resorption. However, it
was also reported that GBR with a resorbable membrane
had almost the same bone augmentation efficacy as GBR
with a non-resorbable membrane [3]. Our study on GBR
with GC membrane® achieved sufficient bone augmentation
leading to successful oral rehabilitation after dental implant
placement, thereby supporting the efficacy of this resorbable
membrane. GC membrane® is composed of PLGA, a mate-
rial that is bioabsorbable because its structure is susceptible
to hydrolysis. GC membrane® has been primarily used for
GTR, and provided good clinical outcomes [9]. Specifically,
Yamanouchi et al. [9]. applied GC membrane® for GTR
in 60 patients, finding that the pocket depth recovered by
approximately 3 mm at 3 months and the depth was main-
tained at 6 months after GTR.

While collagen membranes, which are mainly derived
from animal products, have been widely used, bioabsorb-
able polymers such as PLGA and PEG have recently been
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focused upon [19, 20]. According to the cited studies,
the bone augmentation by GBR with both materials was
comparable to that by GBR with collagen. GBR with GC
membrane® induced 0.70 mm of horizontal bone formation
at the implant platform level in the present study. Moreover,
the augmented bone at 1, 3, and 5 mm below the implant
platform was 1.00, 1.74, and 2.56 mm, respectively. This
amount of bone augmentation was equal to not only GBR
with other resorbable membranes [5, 17, 19], but also GBR
with a non-resorbable membrane [5]. The ISQ was 78.7 at
the second operation performed at 13-30 weeks after GBR
in the present study. This finding indicates that all implants
acquired sufficient osseointegration. Moreover, the ISQ was
not dependent on the height of the embedded implant in
the original bone (VH1), the height of implant exposure
from the original bone (VH2) at the first operation, or VH2/
VHI1 + VH2. These results suggest that the augmented bone
had sufficient quality to acquire osseointegration.

We used autologous bone with PRP, which may enhance
bone formation and could have led to the favorable results
in the present study. As a weakness of the study, there was
no control without GC membrane®. Therefore, we cannot
conclude that GC membrane® is essential for alveolar bone
augmentation using autologous bone with PRP. However,
bone augmentation was reported to be induced by autol-
ogous bone graft with a GBR membrane [21]. Thus, it is
reasonable that the autogenous bone graft including PRP
together with GC membrane®, as a GBR membrane, led
to the satisfying outcomes in the present study. At least,
GC membrane® did not hamper the bone augmentation by
autologous bone with PRP.

No symptoms of infection around the implant were
found in all cases, and it is noteworthy that there were even
no signs of infection in the four cases with occurrence of
wound dehiscence. It is possible that GC membrane® may
have resistance to infection. The augmented bone was
maintained on the implant at 13-30 weeks after GBR with
GC membrane® according to the CBCT findings, and only
0.18 mm of bone resorption was observed radiologically.
Recession of gingival margins and exposure of implant
threads were not observed clinically during the follow-up
period (16-24 months). These observations indicate that
the augmented bone was functionally maintained because
the bone was incorporated into the original bone during the
remodeling cycle. Therefore, it is expected that the bone
surrounding the implant will remain stable in the future.

Conclusions
GBR with GC membrane® constructed from PLGA could

supply sufficient bone augmentation for implant treatment
and the augmented bone was maintained for a long period,
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resulting in successful implant treatment. The present study
suggests that GC membrane® is useful not only for GTR,
but also for GBR.
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