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Objective: The purpose of this comparative study is to assess the clinical, radiographic outcomes of guided tissue regeneration (GTR) with non-crosslinked and bio-crosslinked collagen membranes, in combination with bovine bone mineral
(BBM) graft.
Methods: The control group was treated only with BBM (n=10), test group I was treated with non-crosslinked collagen membrane and BBM (n=10), and test group II was treated with bio-crosslinked collagen membrane and BBM (n=10). The measurement of clinical parameters and radiographic evaluation were done before surgery and 3 months after surgery. Clinical
parameters measured were plaque index (PI), gingival index (GI), probing depth (PD) and clinical attachment level (CAL).
Results: Three months after surgery, all three groups showed marked improvement in PD and CAL with statistical
significance. None of the groups showed significant improvement in PI and only the test group II showed significant improvement in GI within 0.01 level. The mean reduction in PD was 2.6 mm for the control group, 3.8 mm for the test group I,
3.2 mm for the test group II. The mean improvement in CAL was 2.3 mm for the control group, 3.3 mm for the test group I,
3.2 mm for the test group II. Radiographic evaluation revealed two barrier groups over 40% bone fill while BBM group
showed only 29.9% bone fill.
Conclusion: The present study demonstrated that both collagen membranes were beneficial for the treatment of intrabony
defects.
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Introduction

to increase the periodontal attachment of a severely compromised tooth, and to decrease deep pockets to a more maintainable period. Various approaches have been introduced to
accomplish this purpose. However, it is hard to gain complete
regeneration without solving tissue engineering barrier.
Guided tissue regeneration (GTR) has been used to regenerate periodontal tissue lost as a result of periodontal disease [1,2]. Barrier membrane is used to isolate periodontal defects from gingival epithelium and gingival connective tissue

The main objective of periodontal regeneration therapy is
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allowing periodontal ligament cells to repopulate the detached
root surface [3]. Periodontal ligament contains undifferentiated mesenchymal cells with the potential to form new cementum, bone, and periodontal ligament. Gottlow et al. have
shown that cells from the periodontal ligament have the potential to form new attachment if they are given preference in
populating the wound [4,5].
To date, the majority of studies relating to GTR have used
expanded polytetrafluoroethylene (ePTFE) barrier membranes, considered the gold standard by which other membranes are compared. However, the patient needs second surgery to remove the membrane and can be increased the risk of
failure of regeneration. Moreover, it increases risk of membrane exposure and bacterial colonization and thus may inhibit healing [6]. Collagen membranes that are biodegradable
have been developed for GTR to prevent this problem. The advent of resorbable membranes obviated the need for a second
surgery for removal, thus reducing the risk of damaging the
newly formed granulation tissue. A typical resorbable membrane, collagen membrane, is composed of collagen I and collagen III or collagen I alone of porcine origin. It has a bi-layer
configuration with a compact cell occlusive layer on the outside facing the soft tissues, and a porous, rough layer with random fibers promoting integration facing the defect.
Blumenthal [7] used collagen membranes to exclude gingival epithelium and connective tissue from created defects
adjacent to lateral incisors in dogs. Human histologic study
has also provided evidence that treatment of intrabony defects, with collagen membrane with or without the use of bone
materials, improves periodontal regeneration [8,9]. In case of
non-self-contained intrabony defects, combining collagen
membrane with bone substitute may prevent the barrier from
collapsing thus ensuring space maintenance [10].
To prolong the barrier function of collagen membrane, several cross-linking technologies, with chemical reagent such as
glutaraldehyde, diphenyl phosphoryl-azide and ultraviolet radiation have been used [11]. The widely used chemical crosslinker, glutaraldehyde, was reported to induce cell cytotoxicity due to the unreacted residue remained in collagen membrane [12]. Bio-crosslinking technique was applied to produce
collagen membrane to overcome the limitation of chemical
crosslinking method. The bio-crosslinking is natural collagen
crosslinking reaction take place in vivo, thus, there is no possibility of cytotoxicity by remained chemical crosslinker.
Therefore, bio-crosslinked collagen membrane might be more
biocompatible than chemical crosslinked collagen membrane.
This study was designed to evaluate on the clinical efficacy of
bio-crosslinked collagen membrane for improving GTR in the
treatment of intrabony defects in chronic periodontitis.
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Materials and Methods
1. Patients selection
The study was performed following the principles outlined
in the Declaration of Helsinki and was approved by the
Institutional Review Board and the Ethic Committees of the
Dankook University Dental Hospital (IRB No. H-1210/011/
002). Thirty patients who visited Department of Periodontology, Dankook University Dental Hospital for treatment of
chronic periodontitis were included in the present study.
Participants were aged between 18 and 65. Of 30 patients, 17
patients were male and 13 female. All subjects were informed
about the purposes of the study and signed a consent form before participating. Patients who had bone defect of more than
4mm and probing depth (PD) over 6 mm were included in the
study. Acute abscess patients, pregnant or breast feeding patients, and patients with orthodontic appliance were excluded.
Patient judged to be ineligible to participate in the clinical trial
due to ethical issues were also excluded.

2. Participants
There were 10 patients in the control group treated with bovine bone mineral (BBM, OCS-BⓇ; Nibec, Jincheon, Korea)
only, 10 patients in test group I treated with non-crosslinked
Ⓡ
collagen membrane (Bio-Gide ; Geistlich Pharma, Wolhusen,
Switzerland) and BBM, and 10 patients in the test group II
Ⓡ
treated with bio-crosslinked collagen membrane (GuidOss ;
Nibec) and BBM. To ensure randomization, the treatment was
assigned in order, conducted by randomized allocation table.
The participants were informed about the risks and benefits of
the procedure and signed an informed consent.

3. Surgical procedure
Local anesthesia is administered into the surgical area with
2% lidocaine. A full-thickness mucoperiosteal flap was raised
to fully expose the periodontal defect. Granulation tissue inside the flap was removed meticulously. After removing all
granulation tissue and calculus deposits, the size of the defect
was measured. The defect size was measured in horizontal and
vertical direction to the occlusal plane. The depth of the defect
was also measured. After removing all of local factor, BBM
was applied on the defect. The membrane was then trimmed to
the approximate size of the area being treated. The apical border of the material should extend 3 to 4 mm apical to the margin of the defect and laterally 2 to 3 mm beyond the defect.
The membrane was positioned on the defect without any
suture. This procedure was omitted in the control group in
which the membrane was not used. The flap was re-positioned

Eunsuk Cho and Kiseok Hong：Barrier Membrane in the Treatment of Bony Defect

in its original position or slightly coronal to it, using independent sutures interdentally and in the vertical incisions.
The flap fully covered the membrane. The use of periodontal
dressings was optional, and the patient was placed on antibiotic therapy for 5 days. The stitches were removed 7 to 10
days after surgery. The subjects were to avoid brushing their
teeth for 4 weeks and only to mouth rinse with 0.1% chlorhexidine digluconate twice a day. The follow-up visits were performed at 6-8 days, 4 weeks, 8 weeks, and 12 weeks after the
surgery. During all these visits, the general state, the membrane exposure, the wound, eventual adverse events and the
medication of the patients were assessed.

4. Clinical measurement
The following indices were measured before surgery, just
after surgery, and 3 months post-surgery:
1) Plaque index (PI, 0-3);

2) Gingival index (GI, 0-3);
3) PD (PI, Michigan probe [diameter 0.5 mm] was used to
measure PD);
4) Clinical attachment level (CAL): PD value was added to
(gingival overgrowth) or subtracted from (gingival recession)
gingival-cemento-enamel junction (CEJ) length.
The following clinical measurements were taken immediately after full debridement of the defects during the surgery;
distance from the CEJ to the bottom of the defect; distance
from the CEJ to the most coronal point of the defect; and the
width of the defect (Figure 1).

5. Radiographic evaluation
Periapical view was taken before surgery, just after surgery,
and 3 months post-surgery for radiographic analysis. The images were taken from the same direction and angle. To obtain
images from the same direction and angle as much as possible,
paralleling technique with XCP was used. To maintain a consistent bite on XCP, index was fabricated with a silicon putty.
A metal ball that has a diameter of 4 mm was embedded in the
putty for correction of distorted image, thus acquiring an accurate length (Figure 2). The distance from the CEJ to the top of
the bone substitutes was measured just after surgery, and 3
months post-surgery (Figure 3). The distance from the CEJ to
the base of the defect was performed in each radiograph. Two
independent investigators measured the radiographic evaluation. The mean value of two measurements was recorded for
the final evaluation.

6. Statistical analysis

Figure 1. Measuring defect characteristics. CEJ-BC: cementoenamel junction to most coronal point of bone crest, CEJ-BD:
cemento-enamel junction to most apical point of bone defect.

Statistical analysis of data was carried out with SPSS
Statistics for Windows (ver. 12.0; SPSS Inc., Chicago, IL,
USA). The Wilcoxon Signed Ranks Test was used to identify
statistically significant differences of clinical parameters including PI, GI, PD, and CAL and radiographic evaluation during the follow-up period. The mean difference of clinical pa-

Figure 2. Periapical view for radiographic analysis. (A) Periapical radiographic view before surgery. (B) Periapical radiographic view just after
surgery. (C) Periapical radiographic view 3 months post-surgery.
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rameters between 0 day (just after GTR) and 3 months after
GTR was calculated. Kruskal–Wallis test was chosen for multiple comparisons of the three treatment groups. The mean differences of radiographic change between three treatment
groups were compared using Kruskal–Wallis test.

Results
1. Plaque index
PI value at baseline and 3 months in each treatment group
are shown in Table 1. Comparison of mean difference in PI
over time for each group is shown in Figure 4. The mean PI
value of the control group from 1.10 to 1.00, test group I from
1.00 to 0.80, and test group II from 1.10 to 0.70 at baseline and
3 months after surgery. The mean change in PI during the
study period was 0.1 for the control group, 0.2 for the test

group I, and 0.4 for the test group II. These differences in mean
change among three treatment groups revealed no significance (p>0.05).

2. Gingival index
GI value at baseline and 3 months in each treatment group
are shown in Table 2. Comparisons of mean difference in GI
over time for each group are shown in Figure 5. The mean GI
value of the control group was changed from 1.70 to 1.00, test
group I from 1.10 to 0.60, and test group II from 1.60 to 0.60.
The mean change in GI during the study period was 0.7 for the
control group, 0.5 for the test group I, and 1.0 for the test group
II. These differences in mean change among three treatment
groups revealed no significance (p>0.05).

3. Probing depth
PD at baseline and 3 months in each treatment group are
shown in Table 3. Comparisons of mean difference in PD over
time for each group are shown in Figure 6. The mean PD of the

Figure 3. Measuring bone fill in radiographic characteristics.
Cemento-enamel junction (CEJ) to most coronal point of bone
substitutes.

Figure 4. Reduction in plaque index (PI) from baseline to 3 months
post-surgery. The difference in mean reduction of PI among three
groups revealed no significance. BBM: bovine bone mineral, BC:
bio-crosslinked collagen membrane, NC: non-crosslinked collagen
membrane.

Table 1. Plaque index value at baseline and 3 months

Table 2. Gingival index value at baseline and 3 months

BBM
BBM+BC
BBM+NC

No. of
patients

Baseline

3 months

p-value

10
10
10

1.10±0.87
1.10±0.56
1.0±0.66

1.00±0.47
0.70±0.48
0.80±0.63

＞0.01
＞0.01
＞0.01

Values are presented as mean±standard deviation. No significance
among three experiment groups were found (p＞0.05). BBM: bovine
bone mineral, BC: bio-crosslinked collagen membrane, NC: noncrosslinked collagen membrane.
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BBM
BBM+BC
BBM+NC

No. of
patients

Baseline

3 months

p-value

10
10
10

1.70±0.48
1.60±0.69
1.10±0.73

1.00±0.47
0.60±0.69
0.60±0.69

＞0.05
＞0.05
＞0.05

Values are presented as mean±standard deviation. No significance
among three treatment groups were found (p＞0.05). BBM: bovine
bone mineral, BC: bio-crosslinked collagen membrane, NC: noncrosslinked collagen membrane.
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Figure 5. Reduction in gingival index (GI) from baseline to 3
months post-surgery. The difference in mean reduction of GI among
three groups revealed no significance. BBM: bovine bone mineral,
BC: bio-crosslinked collagen membrane, NC: non-crosslinked
collagen membrane.

Figure 6. Reduction in probing depth (PD) from baseline to 3
months post-surgery. The difference in mean reduction of PD
among three groups revealed no significance. BBM: bovine bone
mineral, BC: bio-crosslinked collagen membrane, NC: non-crosslinked collagen membrane.

Table 3. Probing depth value at baseline and 3 months

Table 4. Clinical attachment level value at baseline and 3 months

BBM
BBM+BC
BBM+NC

No. of
patients

Baseline

3 months

p-value

10
10
10

7.30±1.16
6.80±1.39
5.20±1.98

4.60±1.17
3.90±1.59
2.70±1.33

＞0.05
＞0.05
＞0.05

BBM
BBM+BC
BBM+NC

No. of
patients

Baseline

3 months

p-value

10
10
10

8.00±1.05
7.80±1.61
6.80±1.75

5.20±1.22
5.20±1.47
4.40±1.35

＞0.05
＞0.05
＞0.05

Values are presented as mean±standard deviation. No significance
among three treatment groups were found (p＞0.05). BBM: bovine
bone mineral, BC: bio-crosslinked collagen membrane, NC: noncrosslinked collagen membrane.

Values are presented as mean±standard deviation. No significance
among three treatment groups were found (p＞0.05). BBM: bovine
bone mineral, BC: bio-crosslinked collagen membrane, NC: noncrosslinked collagen membrane.

control group was changed from 7.30 to 4.60 mm, test group
I from 5.20 to 2.70 mm, and test group II from 6.80 to 3.90
mm. The mean change in PD was 2.7 for the control group,
and 2.5 for the test group I, and 3.1 for the test group II. These
differences in mean change among three treatment groups revealed no significance (p>0.05).

I and 3 in test group II. Surgical wound was completely healed
within 2 weeks without complication and adverse effects.

4. Clinical attachment level
CAL at baseline and 3 months in each treatment group are
shown in Table 4. Comparisons of mean difference in CAL
over time for each group are shown in Figure 7. The mean
CAL value of the control group was changed from 8.0 to 5.20
mm, positive control group from 6.80 to 4.40 mm, and test
group II from 7.80 to 5.20 mm. The mean change in CAL was
2.7 for the control group, 2.4 for the test group I, and 2.8 for the
test group II. These differences in mean change among three
treatment groups revealed no significance (p>0.05).

5. Membrane exposure

6. Radiographic bone fill
Radiographic bone fill at baseline and 3 months in each
treatment group are shown in Table 5. Comparisons of mean
difference in radiographic bone fill over time for each group
are shown in Figure 8. The mean value of the control group
was changed from 3.70 to 4.78, test group I from 3.41 to 4.23,
and test group II from 4.00 to 4.35. The mean change in bone
fill was −1.07 for the control group, −0.82 for the test group
I, and −0.35 for the test group II. The absolute value of difference between 3 months after GTR and 0 day should be small
when the membrane is effective for the barrier function. The
test group II showed slightly higher value of radiographic
bone fill than test group I or control group. However, these differences in mean change revealed no significance (p>0.05)
among three treatment groups.

Membrane exposure was observed in 7 sites, 4 in test group
www.ijcpd.org
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Figure 7. Improvement in clinical attachment level (CAL) from
Baseline to 3 months post-surgery. The difference in mean
reduction of CAL among three groups revealed no significance.
BBM: bovine bone mineral, BC: bio-crosslinked collagen membrane, NC: non-crosslinked collagen membrane.
Table 5. Radiographic bone fill at baseline and 3 months

BBM
BBM+BC
BBM+NC

No. of
patients

Baseline

3 months

p-value

10
10
10

3.70±1.05
3.41±1.61
4.00±1.75

4.78±1.22
4.23±1.47
4.35±1.35

＞0.05
＞0.05
＞0.05

Values are presented as mean±standard deviation. No significance
among three treatment groups were found (p＞0.05). BBM: bovine
bone mineral, BC: bio-crosslinked collagen membrane, NC: noncrosslinked collagen membrane.

Discussion
The evidence of clinical efficacy of barrier membranes has
been assessed in several systematic reviews and meta-analyses [13-15]. In recent years, natural or synthetic absorbable
barrier materials for GTR have been introduced in order to
avoid a second surgery for membrane removal. The comparison of absorbable and non-absorbable barrier materials has
demonstrated that they show similar clinical results when used
in the treatment of intrabony defects [16-19].
The findings of this prospective controlled clinical trial
showed that the use of both collagen membranes in combination with BBM as a graft material significantly improved the
clinical and radiographic parameters 3 months after the GTR
treatment of deep intrabony pockets. Also, this study indicated
that treated with the combined collagen membrane and a grafting material resulted in better clinical outcomes than sites
treated with grafting material only. These are in agreement
with previous systemic review which demonstrated bone
grafts in combination with barrier membranes increased CAL
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Figure 8. Radiographic bone fill between from baseline to 3
months post-surgery. The difference in mean reduction of radiographic bone fill among three groups revealed no significance.
BBM: bovine bone mineral, BC: bio-crosslinked collagen membrane, NC: non-crosslinked collagen membrane.

and reduced PD compared to graft alone [20].
However, when it comes to comparing clinical parameters
between studies evaluating the combined treatment effect of
bone graft and collagen membranes, it has variations in PPD
and CAL reduction. Vouros et al. [21] reported mean reduction in PD value of 5.08 mm and mean CAL gain of 4.39 in 14
patients treated with collagen-BBM. Clinical study by Cortellini et al. [22] demonstrates mean PD reduction in 5.5 mm
and mean CAL gain of 4.6 mm. In the present study, mean reduction of 3.8, and 3.2 mm in PD and 3.3, and 3.2 mm gain of
CAL was observed in two different membrane groups.
Membrane exposure has been suggested to potentially affect the wound healing [23,24]. In the present study, the incidence of membrane exposure occurred 4 patients in test
group I, 3 patients in test group II. The exposure did not seem
to influence the clinical results since the healing response at
the exposure site was uneventful. Both membranes were also
proven effective in achieving the objectives of guided periodontal tissue regeneration. They exhibited biocompatibility as
they showed uneventful clinical response of the periodontal
tissues.
The basic characteristics of barrier membrane should be as
follow: biocompatibility; cell occlusiveness; integration by
the host tissue; clinical manageability; and space making
function. Both membranes showed excellent biocompatibility
as observed by the uneventful clinical response of the periodontal tissues.
In order to perform an assessment of the change in bony tissues by radiographic analysis, radiographs have to be standardized and reproducible. To fulfill this work, paralleling technique with Silicon putty on XCP was used to reproduce consistent bite and projection angle. Radiographic evaluation of
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bone change has demonstrated significant bone fill in all three
treatment groups and there were no significant differences
among three groups. These outcomes are comparable with
those of previous studies evaluating bone changes after using
bioresorbable materials combined with demineralized
freeze-dried bone allograft or BBM [25,26].
There are some limitations in the present study. First, clinical signs of probing attachment level and bone fill measured
in this study did not reflect true formation of new root cementum with inserting collagen fibers. A few studies revealed
that bone regeneration had occurred adjacent to the root in intrabony defects, with junctional epithelium interposing between the newly formed bone and the root surface [27,28].
Secondly, inclusion of more subjects and prolonged study period would be required to draw more accurate outcome of this
randomized controlled study.

Conclusion
In conclusion, the present study demonstrated that both collagen membranes were beneficial for the treatment of intrabony defects. The uses of BBM with non-crosslinked or
bio-crosslinked collagen are comparable in terms of clinical
and radiographic outcomes.
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