CLINICAL

The Role of Two Different Collagen Membranes for
Dehiscence Defect Around Implants in Humans
The aim of this study was to elucidate the role of 2 types of collagen membranes (cross-linked vs noncross-linked) used in conjunction
with autogenous or allogenic bone followed by xenogeneic bone particles for dehiscence defect around implants in humans.
Experimental groups were divided into 2 groups: Group CL (cross-linked, Ossix Plus, n ¼ 24 implants, 16 patients) and Group NCL
(noncross-linked, Bio-Gide, n ¼ 25 implants, 18 patients). At the time of implant insertion and uncovery surgery, measurements of the
dehiscence bony height, width, and surface area were made. Before applying the membrane to defects, guided bone regeneration was
performed. Because it is difficult to measure the degree of exposure, early exposed cases were excluded from the result analysis. The mean
percentage gain of the dehiscence defect and the mean marginal bone reduction value of follow-up radiograph did not show statistically
significant differences between the 2 groups. Both membranes exhibited satisfactory results on dehiscence defects. As a result, our
authors concluded the success of guided bone regeneration was performed simultaneously for dehiscence defects around the implant,
regardless whether collagen membranes were cross-linked or noncross-linked.
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INTRODUCTION

M

any factors are known to influence the success of
an implant. One of the most important factors is
the adequacy of bone for implant placement.
With respect to the guided bone regeneration
(GBR) technique, the use of barrier membranes allows slowermigrating cells with osteogenic potential to repopulate the
osseous defect.1 Most of the commercially available nonresorbable membranes made up of expanded polytetrafluoroethylene (e-PTFE) have proven to be effective in preventing
connective and epithelial tissue invasion into the healing
area, and could therefore promote osteogenesis. However,
the membranes could be exposed prematurely and the graft
materials might become contaminated by microorganisms,
leading to infections, thus hindering bone regeneration.2,3 To
avoid this problem, clinicians have investigated the benefits
of using biodegradable membranes. Although collagen
membranes have been used as barriers in GBR in order to
produce significant amounts of periodontal and bone
regeneration, most of the resorbable membranes begin to
dissolve before bone regeneration stabilizes. Because of this
characteristic of the resorbable membranes, its application in

the GBR technique for dehiscence defects is challenging.4,5 In
order to maintain the space, many clinicians have used
additional devices such as bone grafting materials and
tenting screws.6–8
Cross-linking of the collagen membranes would retard its
resorption to prolong its barrier effect.9 However, the efficacy
of these membranes is still controversial. Friedmann et al
reported that on exposure, cross-linked collagen membranes
maintained more grafted bone volume than e-PTFE membranes.10 In contrast, Bornstein et al reported that in animal
studies, cross-linked membranes showed limited bone regeneration when compared to other collagen membranes. When
these membranes were exposed early, complications associated with soft tissues increased.11 There are previous studies
reporting the effects of the 2 types of membranes on human
dehiscence defects.12–14 Additionally, we appraised the 6month control check after fitting the prosthesis, and
radiographically evaluated the maintenance of the marginal
bone level.
The aim of this study was to evaluate the performance of
the 2 types of collagen membranes used in conjunction with
GBR for dehiscence defects around implants in humans.
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Different Collagen Membranes for Dehiscence Defect Around Implants

group that demanded GBR in buccal dehiscence defects along
with implant placement was selected. Thirty-four patients from
age 35 to 72 (61 6 7.25) participated in this study. They had no
systemic contraindications for implant surgery. Smokers were
excluded from this study. Informed consent for participation
(oral and written) was obtained from all subjects. The subjects
were divided into two groups: Group CL (cross-linked, Ossix
Plus, n ¼ 24 implants, 16 patients), and Group NCL (noncrosslinked, Bio-Gide, n ¼ 25 implants, 18 patients). This study
protocol adhered to the requirements of the Helsinki Declaration; further, this study was approved by our hospital’s
Institutional Review Board (BOHUN IRB No. 2013-01-033).
Pre-operative evaluation by radiographic and clinical
examination revealed compromised anatomy of the local
bone. Panoramic and intraoral radiographs were taken for all
the subjects. When additional information was required for
diagnosis, a computerized tomography (CT) scan was performed. All the surgeries were performed under local
anesthesia, with midcrestal and lateral vestibular releasing
incisions to reflect the mucoperiosteal flaps. Surgical stents
were prepared prior to the surgery to ensure proper
prosthetic restoration. The drilling was performed with a
series of burs of increasing diameter, according to the surgical
stent, under irrigation with sterile saline solution as per the
manufacturer’s recommendations. Before placement of the
implants, intramarrow penetrations were performed to
promote the release of growth factors on the buccal side. A
standard internal type implant (Camlog, Camlog Biotechnologies AG, Wimsheim, Germany) was used throughout this
study, and all implants were placed with adequate primary
stability. A total of 49 dental implants was placed in 34
patients.
A periodontal probe (Williams Probe, Hu-Friedy, Chicago, Ill)
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was used to measure the length of the dehiscence around the
implants, as well as the defect location and dimension. At the
time of implant placement, the depth from the most apical
aspect of the bucco-lingual crestal bone to the implant
platform margin (dehiscence height), and the mesio-distal
length of the buccal bony defect (dehiscence width) were
measured1 (Figures 1 and 2). When several implants were
placed simultaneously, their mean values were considered. The
surface area of the dehiscence around the implants was
computed in the same manner as in earlier studies.1,12–14
The GBR technique was applied to the buccal dehiscence
defect. Autogenous or allogenic bone particles (ICB, Rocky
Mountain Tissue Bank, Aurora, Colo) were applied over the
exposed area followed by xenogeneic bone particles (Bio-Oss,
Geistlich Phama AG, Wolhusen, Switzerland), which were
resorbed relatively slowly (Figure 3). Above these layers of
bone material, one of the two types of resorbable collagen
membranes (Ossix Plus, Datum Dental Ltd, Telrad, Israel, or BioGide, Geistlich Phama AG) was randomly used. The membranes
covered the cover screw of implants at all times (Figure 4). For a
tension-free primary wound closure, periosteal incisions were
performed; a 5–0 nylon suture material (Blue nylon, Ailee Co,
Ltd, Busan, Korea) was used for suturing and immobilizing the
membranes. For chemical plaque control, patients were
instructed to rinse their mouth with 0.12% chlorhexidine twice
a day for 1 minute, and an antibiotic regimen was prescribed
for 7 days. The sutures were removed 10 days postoperatively.
During the healing period, it was difficult to measure the
degree of exposure. In addition, early-exposure cases were
excluded from the result analysis. The uncovery surgery was
performed 4–6 months (5.7 6 2.5) after the first stage surgery.
The dehiscence height, width, and area at the time of the
uncovery surgery were measured and calculated in the same
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FIGURES 1–5. FIGURE 1. Measurement of the depth from the most apical aspect of the bucco-lingual crestal bone to the implant platform
margin (dehiscence height). FIGURE 2. Measurement of the mesiodistal length of the buccal bony defect (dehiscence width). FIGURE 3. Bone
grafting performed with autogenous or allogenic bone applied over the exposed area followed by xenogenic bone particles. FIGURE 4.
Application of resorbable collagen membrane was performed randomly. FIGURE 5. At the uncovery surgery, note the newly formed buccal
area.
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manner as in the first stage surgery (Figure 5). A statistical
analysis was then performed using a software program (SPSS
12.0, SPSS Inc, Chicago, Ill). The mean values and standard
deviations were calculated for each variable. The unpaired t-test
was used for intergroup comparisons. Results were considered
statistically significant (P , .05).
Intraoral radiographs were taken during the prosthetic
loading (baseline period) and the 6-month control visit using
the paralleling technique. The digital caliper (PACS viewer, Lead
Technologies, Charlotte, NC) was used to measure the distance
from the implant-abutment junction to the peri-implant
marginal bone level, which was divided into a mesial side
and a distal side. We compared the bone loss level between the
baseline and the 6-month control visit through radiographs
(Figures 6 and 7).

RESULTS

No complications were observed at the surgical sites except for
some swelling and postoperative pain. During the uncovery
surgery, all grafts appeared to be fixated at the recipient site.
The implants were found to be clinically immobile and were
defined as osseointegrated. Table 1 describes the values of
dehiscence height, width, and area at the first surgery as well as
the uncovery surgery.

Group NCL
In Group NCL, the 5 patients (13.5%) with early exposure of
membranes also presented proper healing, but they were also
excluded from the analysis. The dehiscence height at the first
stage surgery varied from 0.5 to 6 mm (2.8 6 1.7); at the
uncovery surgery it varied from 0 to 1 mm (0.4 6 0.3). The
dehiscence width at first stage surgery varied from 2 to 6 mm
(3.8 6 1.2); at the uncovery surgery it varied from 0 to 3.5 mm
(1.1 6 0.9). The mean values of the marginal bone loss in
radiographs between the baseline and the 6-month control
visit were 0.52 6 0.5 mm on the mesial side and 0.48 6 0.4 mm
on the distal side.
The difference between CL and NCL groups (P , .05) on
gains in defect height and width around implants was
statistically insignificant (Table 2). Additionally, the radiographic
marginal bone loss between prosthetic loading and 6 month
control visit exhibited no statistically significant difference
between the two groups (Table 3).

DISCUSSION

Owing to either periodontitis or trauma, the resorption of the
edentulous or partially edentulous alveolar ridge and bone loss
TABLE 1

Group CL
At the time of suture removal, premature exposure of the
membrane was seen in 2 patients (8.3%) owing to unsuccessful
primary closure. Unfortunately, they had to be excluded from
this study. However, there was no failure of implant installation
because the operation site showed proper healing. The
dehiscence height at the first stage surgery varied from 0.5 to
7.5 mm (3.0 6 1.9); at the uncovery surgery, it varied from 0 to
1.5 mm (0.2 6 0.5). The dehiscence width at first stage surgery
varied from 1 to 8 mm (3.9 6 1.3); at the uncovery surgery it
varied from 0 to 2.5 mm (0.3 6 0.7). The mean values of the
marginal bone loss in radiographs between the baseline and
the 6-month control visit were 0.53 6 0.4 mm on the mesial
side and 0.52 6 0.6 mm on the distal side.

Measurement of dehiscence (mm), width (mm), and area
(mm2) in each of the treatment groups
Dehiscence

CL*

NCL

3.0 6 1.9
3.9 6 1.3
10.5 6 8.6

2.8 6 1.7
3.8 6 1.2
966

0.2 6 0.5
0.3 6 0.7
0.1 6 0.4

0.4 6 0.3
1.1 6 0.9
0.5 6 0.7

First-stage surgery
Height
Width
Area
Uncovery surgery
Height
Width
Area

*Cross-linked, Ossix Plus membrane.
Noncross-linked, Bio-Gide membrane.
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FIGURES 6 AND 7. FIGURE 6. Intraoral radiograph during delivery of final restoration. FIGURE 7. Intraoral radiographs after 6 months of
prosthetic loading.
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TABLE 2

TABLE 3

Gain in the dehiscence area and height (mean values
6 SD %)

Radiographic marginal bone loss (from abutment
connection to peri-implant marginal bone) during 6 months
loading in mm

Group

Gain of the
Dehiscence Area

Gain of the
Dehiscence Height

CL*
NCL
P-value`

95.52 6 16.37
94.01 6 8.35
0.842

89.69 6 24.36
81.99 6 16.07
0.908

*Cross-linked, Ossix Plus membrane.
Noncross-linked, Bio-Gide membrane.
`No statistically significant difference between groups was measured via
an unpaired sample t-test showing significance at P , .05.
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Group

Mesial

Distal

CL*
NCL
P-value`

0.53 6 0.46
0.52 6 0.55
0.418

0.52 6 0.64
0.48 6 0.48
0.92

*Cross-linked, Ossix Plus membrane.
Noncross-linked, Bio-Gide membrane.
`No statistically significant difference between groups was measured via
an unpaired sample t-test that showed significance at P , .05.

limited bone regeneration, and when those membranes were
exposed early, soft tissue-related complications increased.
Bornstein et al reported that in an animal study, cross-linked
membranes showed limited bone regeneration when compared to other collagen membranes, and when those
membranes were exposed early, soft tissue related complications also increased.11 Becker et al also reported that crosslinked membranes demonstrated bone regeneration similar to
the non-cross-linked variants, and that cross-linked membranes
interfered with the wound healing process and caused soft
tissue infections when exposed early.21 The cross-linked
collagen membranes showed slow biodegradation while the
noncross-linked membranes started to lose structural integrity
within 7 days. In fact, many clinicians find residues of crosslinked membranes a few months after their application.
There are limited studies reporting the effects of the two
types of membranes on human dehiscence defects. Moses et
al carried out experiments that were similar to this study,
except for the bone grafting materials used (autogenous bone
chip, bovine bone mineral, and b-tri calcium phosphate). They
reported a percentage reduction of the defect area (92.2%
Group CL and 94.6% Group NCL) and height (81.6 % Group CL
and 85.4% Group NCL) similar to this study.22 However, they
did not study the period between prosthetic loading and the
6-month follow up. They computed the area by calculating
that it only allowed the 2-dimensional assessment of GBR. In
this study, we appraised the 6-month follow-up after
mounting the prosthesis for intergroup comparisons. Although the values of marginal bone loss were not significantly
different between the two groups, this study showed that a
stable marginal bone was maintained for 6 months in both
groups. Schwarz et al showed similar results in that the
difference in length of the residual defect was statistically
insignificant between the two membranes (1.5 6 0.8 Group CL
and 1.2 6 0.6 Group NCL) in surgically performed dehiscence
defects in Beagle dogs.23
During this study, most defects healed without any
complications and exhibited significant bone regeneration
during the uncovery surgery. There were 2 cases of membrane
exposure in Group CL and 5 cases in Group NCL. There are
many contradicting studies on the effect of early exposure of
membranes, and hence, this topic remains controversial.
In conclusion, the success of GBR was performed simulta-
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frequently impede the placement of dental implants in an ideal
position. To resolve this matter, the augmentation of the
insufficient bone volume is often indicated prior to, or in
conjunction with, implant placements. In many types of bone
resorption, dehiscence defects cannot maintain space to resist
the collapse of soft tissues during the healing process, resulting
in uncertain prognosis.15
The noncross-linked collagen membrane used in Group
NCL consists of Type 1 and Type 3 porcine collagen. The
characteristics of this membrane are low stiffness and good
biocompatibility. Hürzeler et al reported that the noncrosslinked membrane maintained the structure of collagen for more
than 6 months.16 No signs of inflammation during wound
healing appeared in this study. However, some studies reported
that noncross-linked membranes have a shorter barrier ability,
owing to the premature degradation of the collagen structure
on unexpected wound dehiscence. Simion et al reported that
exposed membranes showed significantly decreased bone
regeneration (41.6% vs 96.6%).3 Zitzmann et al reported that
the membranes did not influence wound healing and could be
dissolved rapidly when exposed.5
Another resorbable collagen membrane used in Group CL
consists of purified porcine Type 1 collagen. According to
manufacturers, this membrane is composed of cross-linked
collagen, by using a native metabolite to maintain the
functional integrity of the membrane for 6 months. Some
studies have reported that such techniques produce cytotoxicity and degrade the biocompatibility of the membranes.17
However, the cross-linked collagen with a native metabolite
used in this study showed no cytotoxicity and maintained basic
structure over a longer period.18 Moreover, the cellular
colonization that precedes the degradation and resorption of
the collagen membrane depends on the degree of cross-linking
of the membranes: the higher the degree of collagen crosslinking, the slower the degradation rate.19 Therefore, it is
possible to control the barrier effect of the membrane by
modifying the degree of cross-linking. Moses et al reported that
membranes cross-linked with ribose showed a lower degree of
degradation than non-cross-linked membranes and those
cross-linked with glutaldehyde.17 Friedmann et al also reported
that early exposed cross-linked membranes maintained more
bone regeneration volume than early exposed e-PTFE.20
In contrast, some studies have reported that compared to
other collagen membranes, cross-linked membranes showed

Site
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neously from dehiscence defects around the implant, regardless whether collagen membranes were cross-linked or noncross-linked.

ABBREVIATIONS
CL: cross-linked
CT: computerized tomography
e-PTFE: expanded polytetrafluoroethylene
GBR: guided bone regeneration
NCL: noncross-linked
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