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Assessment of clinical and radiographic outcomes of guided bone regeneration
with dehydrothermally cross-linked collagen membrane around peri-implant
dehiscence defects: Results from a 3-year randomized clinical trial
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The objective of this study was to determine the clinical and radiographic efficacy of dehydrothermally (DHT) cross-linked collagen
membrane in the treatment of peri-implant dehiscence defects through a 3-year randomized clinical trial. This study involved a total
of 30 patients in the preliminary study, but only 19 patients (experimental group [DHT cross-linked collagen membrane, n=6] and
control group [non-cross-linked collagen membrane, n=13]) were followed-up for 3 years after setting the baseline immediately after
final prosthesis. The mean and standard deviation of each clinical measurement (probing pocket depth and width of attached gingiva)
and radiological measurement (marginal bone level and clinical crown-to-implant [C/I] ratio) indices were determined and compared
using the nonparametric Mann–Whitney test at the 95% confidence level. No significant complications, such as surgical site exposure
and or severe infection, was observed during the follow-up period. Marginal bone loss in the experimental group and control group
were 0.14±0.40 mm and 0.08±0.30 mm (p =0.631) respectively. The clinical C/I ratio change in the experimental group and control
group were 0.25±0.29 mm and 0.12±0.23 mm (p =0.557) respectively. The width of attached gingiva in the experimental group and
control group were 2.27±2.49 mm and 2.58±1.18 mm (p =0.732) respectively. The differences were not statistically significant. These
results suggest that the experimental group and control group had similar clinical outcome, and highlight the potential of DHT crosslinked collagen membrane for guided bone regeneration around peri-implant dehiscence defects.
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INTRODUCTION

plants due to various reasons such as severe periodontitis
are often encountered in the clinical setting. Guided bone

Bone tissue of sufficient quantity and quality is an impor-

regeneration (GBR) is a useful approach for the reconstruc-

tant factor for successful osseointegration and long-term

tion of alveolar defects [1]. In particular, a combination of

survival of dental implants. However, patients with peri-

resorbable collagen membrane and anorganic bovine bone

implant defects that are not suitable for reconstructive im-

graft is used as the standard method for GBR; this method
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is widely and routinely used with successful results in many

to comparison of clinical, radiological, and histological re-

clinical studies [1,2].

sults between the primary and secondary implant surgery

GBR is a technique that involves the use of bone graft

through this prospective study, DHT cross-linked collagen

materials and membranes to induce selective proliferation

membrane showed biocompatibility and bone regenera-

of bone tissue and block epithelial and connective tissues

tive abilities similar to those of non-cross-linked collagen

for the functional recovery and rehabilitation of bone de-

membrane [11]. The purpose of the present study, which

fects [3,4]. For ideal bone regeneration, membranes used

was conducted as a follow-up study, is to comparatively

for GBR must have biocompatibility, selective cell blockage

evaluate the clinical and radiological efficacy of DHT cross-

of the gingival connective tissue, and space-maintaining

linked collagen membrane in the treatment of peri-implant

ability. For this purpose, expanded-polytetrafluoroethyl-

dehiscence defects through a 3-year randomized clinical

ene, a non-resorbable membrane, was successfully used

trial.

very widely, but its clinical use is now limited due to the
need for another surgery to remove the membrane as well
as the high risk of membrane exposure [4].
Various resorbable membranes, such as collagen, poly-

MATERIALS AND METHODS
Study population

glycolide, and polylactic acid, have been developed and
used in order to overcome the shortcomings of non-

A randomized, prospective study was conducted on 30

resorbable membranes. Currently, resorbable collagen

patients who underwent single implant surgery with GBR

membranes are most often used [5]. In particular, non-

at the Department of Periodontology, Yonsei University

cross-linked collagen is widely used in the clinical practice

Dental Hospital (Seoul, Korea) between August 2013 and

due to its low antigenic properties and cellular toxicity,

October 2014. This study was approved by the Institutional

clinical manageability, and regenerative ability that is simi-

Review Board (IRB) for Clinical Research at Dental Hospi-

lar to that of non-resorbable membranes [5,6]. However,

tal of Yonsei University (approval no. 2-2013-0021). The

despite many clinical and histological advantages, the lack

study was conducted on healthy adults (including those

of selective tissue blockage that hinders sufficient bone re-

with controlled medical or dental diseases) aged 20 years

generation and maturation due to fast resorption is a major

or older with a vertical dehiscence defect measuring more

disadvantage of non-cross-linked collagen [7,8].

than 3 mm around the buccal side of the implant. Criteria

Physical and chemical cross-linking methods have been

for exclusion from the analysis were as follows: severe

researched and developed in order to overcome the short-

and/or uncontrolled systemic disease, untreated or incom-

comings of non-cross-linked collagen membrane and

pletely treated chronic periodontal disease, pregnancy or

improve the quality of the membrane [9]. Among these,

breastfeeding, history of radiation therapy to the head and/

collagen membrane made with the dehydrothermal (DHT)

or neck area, bisphosphonate use, and heavy smoking his-

cross-linking technique is reported to have higher heat sta-

tory of 20 cigarettes per day or more.

bility and mechanical strength, increased resistance to enzyme activity, as well as sufficient vascularization and good

Randomization and surgical procedures

biocompatibility [10]. Although in vitro and animal studies
on DHT cross-linked collagen membrane have progressed,

In total, 30 patients were single-blinded randomized in

clinical studies of the biocompatibility and bone regenera-

1:1 ratio to the experimental and control arms using Sealed

tive abilities compared with non-cross-linked collagen are

Envelope database (https://www.sealedenvelope.com).

limited. Therefore, we conducted a randomized, prospec-

All implants (Implantium/NR-line; Dentium, Seoul, Korea,

tive study to compare the clinical feasibility between DHT

TSIII; Osstem, Seoul, Korea, Luna; Shinhung, Seoul, Korea,

cross-linked and non-cross-linked collagen membranes

and SLA Bone level; Institute Straumann AG, Basel, Swit-

used to treat peri-implant dehiscence defects. With respect

zerland) were sandblasted, large-grit, acid-etched surface
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internal-type, and first surgery was performed according

evaluation using cone-beam computed tomography (CBCT)

to the standard guideline of each manufacturing company.

as well as histological analysis using specimens collected

Implants were placed in the optimal position considering

via trephine bur were conducted prospectively. A baseline

the occlusion and physiological shape. Following implant

was established after final prosthesis. Eight patients in the

placement, GBR was performed after confirming a vertical

experimental group and 1 patient in the control group

dehiscence defect around the implant fixture using a peri-

were excluded because of refusal to attend regular follow-

odontal probe (CP 15 UNC; Hu-friedy, Chicago, IL, USA).

up. Finally, 6 patients in the experimental group and 13

Deproteinized bovine bone mineral (BioOss; Geistlich Bio-

patients in the control group were included in the final

materials, Wolhusen, Switzerland and CollaOss; Bioland,

analysis with radiographic and clinical assessment, with a

Cheongju, Korea) and DHT cross-linked collagen type I

mean duration of follow-up of 41.4 months (Fig. 1, 2).

membrane (OssGuide; Bioland) were used for the experimental group, and BioOss and non-cross-linked type I and

Clinical and radiographic analysis

III collagen membrane (BioGide; Geistlich Biomaterials)
were used for the control group. A total of 28 patients were

Clinical and radiographic evaluations were performed 3

included in the final analysis, after excluding 1 patient each

years after final prosthesis. Clinically, probing pocket depth

from the experimental and control groups due to infec-

was measured in 6 areas around the implants (mesio-buc-

tion and screw exposure. At the time of the second surgery

cal, mid-buccal, disto-buccal, mesio- palatal/lingual, mid-

16 weeks after the first surgery, radiological and clinical

palatal/lingual, and disto-palatal/lingual sides). The width

Implant 1st surgery with GBR
randomization (n=30)
Drop-out
(n=2)

Experimental group
(n=14)

Control group
(n=14)

Implant 2nd surgery
(n=28)
Loss to follow-up
(n=9)

Experimental group
(n=6)

Completed 3 years follow-up
(n=19)

Radiographic and clinical data
analyzed (n=19)
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Control group
(n=13)

Fig. 1. Flow chart of the inclusion and
exclusion of participants. GBR, guided
bone regeneration; Experimental
group, dehydrothermally cross-linked
collagen membrane; Control group,
non-cross-linked native collagen mem
brane.
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Implant 1st surgery
with GBR

Final prosthesis
(Baseline)

Implant 2nd surgery

3 years follow-up

Fig. 2. Clinical photos and periapical
radiographic images of the guided
bone regeneration (GBR) technique.
A baseline was established after final
prosthesis.
Table 1. Demographic and baseline characteristics of study participants
Variable
Sex
Male
Female
Age (y)
Position
Maxilla
Anterior
Premolar
Molar
Mandible
Anterior
Premolar
Molar
Diameter (mm)
Narrow (<3.75)
Standard (3.75–5.0)
Wide (≥5.0)
Length (mm)
Short (<10.0)
Standard (10.0–13.0)

Experimental group
(n=6)

Control group
(n=13)

Total
(n=19)

2
4
60.3±10.0

8
5
57.5±10.0

10
9
58.4±10.1

2
0
1

2
2
2

4
2
3

0
3
0

1
1
5

1
4
5

1
5
0

0
11
2

1
16
2

4
2

2
11

6
13

p -value*
0.699

0.299
0.826

0.169

0.542

0.082

Values are presented as number only or mean±standard deviation.
Experimental group, dehydrothermally cross-linked collagen membrane; Control group, non-cross-linked native collagen membrane.
*p -values were calculated using the nonparametric chi-square and Mann–Whitney tests.

of attachment gingiva in the mesio-buccal, mid-buccal,

sured using the PACS system (Infinitt PACS; Infinitt, Seoul,

and disto-buccal sides was also measured using a peri-

Korea).

odontal probe. Radiologically, the change in marginal bone
level in the mesial and distal sides of the implant between

Statistical analysis

baseline and 3-year follow-up was evaluated using periapical radiography. Additionally, changes in clinical crown-

Mean and standard deviation of clinical and radiologi-

to-implant (C/I) ratio was also evaluated using periapical

cal endpoints at baseline and 3 years in the experimental

radiography. Each periapical radiograph was corrected for

and control groups were measured and evaluated using the

distortion by confirming the length of implant and mea-

nonparametric chi-square and Mann–Whitney U tests. IBM
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SPSS Statistics (version 21.0; IBM Corp., Armonk, NY, USA)

Clinical findings

was used for statistical analysis, and statistical significance
was defined as a p -value of 0.05.

At the end of the 3-year follow-up period, all patients in
the experimental and control groups fulfilled the survival

RESULTS

and success diagnostic criteria resulting in 100% survival

Patient enrollment

sured at 3 years after final prosthesis, showed no statisti-

and success rates. Clinical probing of pocket depth, meacally significant difference between the experimental and

Of the 6 patients in the experimental group, 2 (33.3%)

control group in the mesio-buccal (2.66±0.81 mm vs. 3.56

were male, and 4 (66.7%) were female. Of the 13 patients

±1.23 mm, p =0.051), mid-buccal (2.16±1.16 mm vs. 3.00

in the control group, 8 (61.5%) were male, and 5 (38.5%)

±0.57 mm, p =0.201), disto-buccal (2.83±0.98 mm vs. 3.76

were female (p =0.699). Patient age ranged from 42 to 78

±1.09 mm, p =0.434), mesio-palatal/lingual (3.00±1.26

years (mean age, 58.4 years); mean age in the experimental

mm vs. 3.30±1.60 mm, p =0.059), mid-palatal/lingual (2.33

group and control group was 60.3 and 57.5 years, respec-

±0.81 mm vs. 3.15±1.21 mm, p =0.331), and disto-palatal/

tively (p =0.299). Nine implants (47.4%) were placed in the

lingual (3.00±1.09 mm vs. 3.61±1.26 mm, p =0.063) sides

maxilla and 10 (52.6%) in the mandible. Standard diameter

of the implant. The width of attached gingiva also did not

(3.75 to 5 mm) implants showed the highest frequency

show statistically significant differences between experi-

with 5 (26.3%) in the experimental group and 11 (57.9%) in

mental and control group in the mesio-buccal (2.16±2.31

the control group. Standard length (10.0 to 13.0 mm) im-

mm vs. 2.69±1.18 mm, p =0.744), mid-buccal (2.00±2.09

plants also showed the highest frequency with 11 (57.9%)

mm vs. 2.38±1.19 mm, p =0.690), and disto-buccal (2.66±

in the control group (Table 1).

3.07 mm vs. 2.69±1.18 mm, p =0.766) sides of the implant
(Table 3).

Radiographic findings
On periapical radiographic evaluation of change in mar-

DISCUSSION

ginal bone level in the mesial and distal sides of the implant

Many clinical studies suggest favorable results for GBR

at baseline and at 3 years, the change in mesial marginal

in the rehabilitation of bone defects around implants, but

bone level in the experimental group and control group

these results are limited to implants with concomitant GBR

was 0.00±0.13 mm and 0.19±0.38 mm, respectively,

using DHT cross-linked collagen membranes and anorganic

showing no statistically significant difference (p =0.471).
The change in distal marginal bone level was 0.27±0.48
mm in the experimental group and 0.00±0.14 mm in the
control group, also showing no statistically significant difference (p =0.152). Additionally, change in clinical C/I ratio

Table 2. Changes in the marginal bone level and clinical C/I ratio
from baseline to 3 years after final prosthesis
Variable

was 1.48±0.25 mm in the experimental group and 1.45±
0.12 mm in the control group at baseline, and 1.51±0.29
mm in the experimental group and 1.42±0.23 mm in the
control group at 3 years; there was no statistically significant difference at either time point (p =0.773 and p =0.644,
respectively) (Table 2 and Fig. 3).

Marginal bone level (mm)
Mesial of the implant
Distal of the implant
Clinical C/I ratio
After final prosthesis
3-year follow-up

Experimental
group
(n=6)

Control
group
(n=13)

p -value

0.00±0.13
0.27±0.48

0.19±0.38
0.00±0.14

0.471
0.152

1.48±0.25
1.51±0.29

1.45±0.12
1.42±0.23

0.773
0.644

Values are presented as mean±standard deviation.
C/I, crown to implant; Experimental group, dehydrothermally crosslinked collagen membrane; Control group, non-cross-linked native
collagen membrane.
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A

B

0.6
0.4
0.2
0.0

2.0
1.6

Clinical C/I ratio

Marginal bone change (mm)

0.8

0.00

0.27

0.19

0.00

1.2
0.8
0.4

0.2
0.4

0.0
Mesial

Distal

Experimental group

Mesial

Distal

Control group

1.48

1.51

1.45

1.42

Baseline

3-year F/U

Baseline

3-year F/U

Experimental group

Control group

Fig. 3. Graphical comparison of changes in the marginal bone level (A) and clinical crown-to-implant (C/I) ratio (B) of the experimental and
control groups from baseline to 3 years after final prosthesis. Experimental group, dehydrothermally cross-linked collagen membrane; Control
group, non-cross-linked native collagen membrane; F/U, follow-up.
Table 3. Clinical outcome after 3-years of final prosthesis
Variable
Probing pocket depth (mm)
Mesio-buccal of the implant
Mid-buccal of the implant
Disto-buccal of the implant
Mesio-palatal/lingual of the implant
Mid-palatal/lingual of the implant
Disto-palatal/lingual of the implant
Width of attached gingiva (mm)
Mesio-buccal of the implant
Mid-buccal of the implant
Disto-buccal of the implant

Experimental group
(n=6)

Control group
(n=13)

p -value

2.66±0.81
2.16±1.16
2.83±0.98
3.00±1.26
2.33±0.81
3.00±1.09

3.56±1.23
3.00±0.57
3.76±1.09
3.30±1.60
3.15±1.21
3.61±1.26

0.051
0.201
0.434
0.059
0.331
0.063

2.16±2.31
2.00±2.09
2.66±3.07

2.69±1.18
2.38±1.19
2.69±1.18

0.744
0.690
0.766

Values are presented as mean±standard deviation.
Experimental group, dehydrothermally cross-linked collagen membrane; Control group, non-cross-linked native collagen membrane.

grafts [12,13]. Therefore, long-term studies on the viability,

dimethylaminopropyl) carbodiimide [EDC]), physical (DHT

bone regeneration capacity and related biological effects,

and ultra-violet [UV] irradiation), and biological (transglu-

and bone maintenance in implants using DHT cross-linked

taminase) methods are reported to compromise the bio-

collagen membranes in bone defects are very important for

compatibility and angiogenic ability of collagen membrane,

the clinical application of DHT cross-linked collagen mem-

and some studies showed that cross-linked collagen that

brane.

remains in the periodontal tissue for an extended period

Biocompatibility and affinity of collagen membrane are

of time may increase the incidence of major membrane-

critical factors to prevent unintended exposure and to

related adverse events, such as membrane exposure and

reduce inflammation [5]. In this regard, low toxicity and

infection [14,15]. This can be a disadvantage to using DHT

high biocompatibility of non-cross-linked collagen are

cross-linked collagen membrane in clinical practice. How-

considered to have significant clinical advantages. Cross-

ever, according to our study, there was no confirmed case

linkage of collagen using chemical (glutaraldehyde [GTA]),

of adverse events due to membrane exposure or infection,

hexamethylene diisocyanate [HMDI], and 1-ethyl-3-(3-

except 1 case from each of the 2 groups with edema, red-
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ness, and pus around the implant.

ing pocket depth was 2.66±1.01 mm in the experimental

GBR with DHT cross-linked collagen membrane is a

group and 3.39±1.16 mm in the control group, showing

representative method of physical crosslinking treatments,

no statistical significance, and the width of attached gingi-

and many studies have reported outstanding mechanical

va was 2.27±2.49 mm in the experimental group and 2.58

properties and biocompatibility of DHT cross-linked colla-

±1.18 mm in the control group, again showing no statisti-

gen membranes. DHT cross-linking causes collagen mem-

cal significance (p =0.732). Based on these radiological and

brane to have higher compressive and tensile strength and

clinical results, DHT cross-linked collagen membrane can

good resistance to enzymatic action [16,17]. Furthermore,

be a useful tool in GBR around peri-implant dehiscence

the denaturation of collagen that occurs during the DHT

defects. Furthermore, based on a study in a rat cranial

cross-linking process reduces inflammatory reaction and

model that radiologically, histologically, and histometrically

increases cell infiltration [18]. Gough et al. [19] demon-

compared the bone regeneration efficacy between DHT

strated low cytotoxicity of DHT cross-linked collagen film

cross-linked collagen membrane and non-cross-linked col-

with less apoptosis of human osteoblasts compared with

lagen membrane, similar biocompatibility, bone regenera-

glutaraldehyde cross-linked collagen film. Moreover, many

tion capacity, and bone maintenance were observed [20].

in vivo studies have shown that DHT cross-linked collagen

This study has several limitations. First, during the 3-year

membrane is a safe and effective material for GBR proce-

follow-up, only 6 patients in the experimental group,

dures [20,21].

compared with 13 in the control group, had clinical and

Chiapasco and Zaniboni [22] reported in their systematic

radiological results, which can compromise confidence

review that, in GBR performed on dehiscence or perfora-

in the comparison between the two groups. However,

tion around the implants, 20% exposure or infection rate

survival and success rates of the implants were monitored

was observed with non-resorbable membranes and 5%

through surveys among patients not included in the final

with resorbable membranes, with a mean cumulative sur-

analysis, which confirmed that all 28 of the single implants

vival rate of 95.7% (range, 84.7% to 100%). Similarly, Donos

were successfully maintained during the 3 years. Second,

et al. [23] also reported in another systematic review that

CBCT was not performed for long-term follow-up in order

the cumulative survival rate of implants with GBR was

to reduce radiation as per the as low as reasonably achiev-

91.7% to 100%, which was not significantly different from

able (ALARA) principle, which prevented radiological as-

the survival rate of 93.2% to 100% with implants without

sessment of horizontal bone change, which was one of the

GBR. At the 3-years follow-up in the present study, 100%

markers used in the prospective study. Additionally, we

implant viability was seen in both the experimental and

did not use a stent to ensure measurement of the identical

control groups, including 9 patients who refused regular

areas at all time points, which can be considered another

face-to-face assessment. However, this study would re-

limitation. Last, this study evaluated a limited number of

quire a longer-term observation of implant survival, based

subjects, which prevented the between-group comparison

on the previous findings of Simonis et al. [24] and Al-

of age, sex, baseline systemic disease, smoking history,

Nawas et al. [25] that the long-term cumulative implant

diameter and length of implant, and location of implant

survival rate at 10 years or longer is 89% to 90%.

placement. Despite such limitations, this randomized study

On radiological assessment, there was no significant dif-

confirmed the biocompatibility and clinical usefulness of

ference in the 3-year mean marginal bone loss around the

DHT cross-linked collagen membrane, which were similar

implants including the buccal, lingual, and palatal sides

to those of non-cross-linked collagen membrane.

(experimental: 0.14±0.40 mm vs. control: 0.08±0.30 mm)
(p =0.631). The 3-year mean change in clinical C/I ratio also
did not show statistically significant differences between
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