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Abstract
Significance
This randomized, controlled clinical study evalu-
ated the efficacy of a Bio-Gide collagen in promot-
ing dentin formation in regenerative endodontics
and provided evidence to support the use of
collagen matrix in regenerative endodontics.
Introduction: Recent reviews confirm a general lack of
randomized, controlled clinical studies on the efficacy
of regenerative endodontics in immature teeth affected
by pulp and periapical diseases. Moreover, we have no
evidence of the curative efficacy of collagen mem-
branes used as scaffolds in regenerative endodontics.
Here, we evaluated whether a Bio-Gide collagen mem-
brane (Geistlich Pharma AG, Wolhusen, Switzerland)
has efficacy in promoting dentin formation in regener-
ative endodontics. Methods: Forty-three patients
yielding a total of 46 nonvital immature teeth were
divided randomly into 2 groups. Subsequent to chemo-
mechanical preparation, regenerative endodontics
with (the experimental group) and without (the control
group) Bio-Gide were performed. All cases were fol-
lowed up clinically and radiographically every 3 months
for at least 6 months. Quantitative analyses using an
imaging program yielded percentage changes in root
dimensions based on a comparison between preopera-
tive and recall radiographs. Results: The results of 40
patients (43 teeth) were included in the final analyses.
All patients from both groups showed clinical success
with complete resolution of signs and symptoms.
Radiographically, the thickness of the dentin wall at
the middle third of the root was higher for the experi-
mental group than the control group. However, other
indicators were comparable between both groups.
Conclusions: The use of the Bio-Gide collagen mem-
brane promoted the development of the dentin wall
in the middle third of the root in patients undergoing
regenerative endodontic procedures. The convenience
of operation and the assured positioning of the sealing
material make the Bio-Gide collagen membrane espe-
cially suitable for handling wide root canals. (J Endod
2017;43:1465–1471)
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Pulp necrosis in an
immature tooth with an

open apex can lead to
devastating consequences
for the patient and repre-
sents a distinct challenge
for the endodontist. Before
2004, clinicians relied on

a ‘‘traditional’’ apexification procedure or the use of apical barriers (1, 2). However,
neither procedure allows for thickening of the root wall or continued development of
the root. In 2004, a novel treatment procedure for immature, nonvital teeth called
‘‘regenerative endodontics’’ (revascularization) was introduced by Banchs and Trope
(3). In contrast to traditional apexification or the use of apical barriers, this procedure al-
lowed for increasing both the length of the root and dentinwall thickness.Many case reports
have since shown favorable outcomes after the eradication of bacteria from the root canal
system, the formation of a scaffold in the canal space, and the creation of a bacteria-tight
coronal seal (4–8). Although following a similar concept of regenerative endodontics, their
treatment protocols vary in terms of the use of irrigants (8–10), intracanal disinfectant
medications (3, 4, 6, 10), canal scaffolds (7, 11), and sealing materials (4, 9, 10, 12,
13). The search for an optimal revascularization protocol is ongoing.

In terms of the scaffold, most reported cases induce a blood clot from the apical
foramen to allow the growth of a new tissue into the canal. However, in clinical practice,
we cannot always induce sufficient blood to serve as a scaffold, which also increases the
likelihood of sealing material collapse. In 2008, a resorbable collagen membrane was
introduced to prevent themineral trioxide aggregate (MTA) from collapsing and to serve
as a scaffold to allow new tissue growth into the pulp space in cases with insufficient
blood (5). However, to date, no randomized, controlled clinical study has provided
persuasive evidence of the efficacy of collagen membranes in inducing root maturation.

The Bio-Gide (Geistlich Pharma AG, Wolhusen, Switzerland) (Fig. 1) is an absorb-
able, pure collagen membrane used widely as a scaffold material in periodontal tissue
regeneration (14, 15). It consists of types I and III collagen extracted from quarantined
pigs and refined to remove antigens; it has no antigen-sensitizing effects. Its degradation
products include carbon dioxide and water, and the degradation period is in the range
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Figure 1. The Bio-Gide.
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of 4 to 6 months to provide time for tissue reconstruction (16, 17). To
date, no study of the curative efficacy of it used as a scaffold in
regenerative endodontics has been reported. Experiments have shown
that it can promote the adherence, migration, proliferation, and
differentiation of ectomesenchymal cells (17, 18). It has many
advantages, such as the ability to stabilize blood clots, maintain growth
factor levels, and promote tissue regeneration (14–17). Therefore, its
use in regenerative endodontics is desirable, especially in cases in
which we cannot induce sufficient blood into the pulp space. We
decided to use the Bio-Gide membrane as a scaffold material because
it may promote the formation of the dentin in case we could not induce
enough blood into the pulp space and may even help to promote the
overall curative effect.

In this randomized, controlled clinical study, we investigated the
efficacy of the Bio-Gide collagen membrane in promoting dentin forma-
tion in regenerative endodontics following the Consolidated Standards
of Reporting Trials guidelines. The null hypothesis was that the use of
the Bio-Gide collagen membrane would not promote dentin formation
in regenerative endodontics.

Materials and Methods
Study Design and Sample Size

This 2-arm, parallel, randomized, controlled clinical study
compared dentin formation in a regenerative endodontic procedure be-
tween an experimental group in which a Bio-Gide collagen membrane
served as a scaffold and a control group without its use.

This study was performed in the Department of Pediatric Dentistry,
Peking University School and Hospital of Stomatology, Beijing, China. The
study protocol was approved by the Ethics Committee of Peking University
School and Hospital of Stomatology (ref no. PKUSSIRB-201523072).

The present study was designed based on the work of Nagy et al
(19) to have 80% power in detecting a difference between the 2 groups.
The increases of root thickness in the 2 groups after 6 months were
5.8%� 1.2% and 4.5%� 1.6%, respectively. A sample size of 46 teeth
to detect differences at the 5% level of significance using the t test for
testing 2 independent means was calculated with an anticipated loss
to follow-up of 10% included.

Children who underwent dental treatment at the Department of Pe-
diatric Dentistry, Peking University Hospital of Stomatology, from
January 2014 to February 2016 were recruited. In all cases, the
following protocol was followed. It was explained to all patients and
their caregivers that regenerative endodontic procedures were relatively
new and that, to date, there were no guidelines for treatment protocols
in the literature. A comprehensive discussion of the risks, complica-
tions, and alternative treatment options was undertaken, and parental
consent was obtained. The informed consent form also explained that
data from the procedure would be used for research purposes and
that patient anonymity would be protected.
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A simple random sampling method was used to recruit patients.
Forty-six group information notes (23 for controls and 23 for the exper-
imental group) were packed randomly into 46 opaque envelopes after
generating a random sequence, and each envelope was numbered
sequentially and handed over to each patient according to the time
the participant joined the study. Inclusion criteria were an open apex
>2 mm in diameter, absence of systemic or immune disease, and
absence of known allergies to the medications used in the procedure.
Exclusion criteria were a closed apex, apical cysts, and existing disease
that needed long-term anti-inflammatory treatment.

Interventions
All of the regenerative endodontic procedures were performed by

experienced faculty members of the department following similar
protocols according to the clinical considerations for a regenerative
procedure advised by the American Association of Endodontists.
Clinical examinations, pulp sensitivity, and radiographic examinations
were performed. A medical history, clinical symptoms, and preopera-
tive examination of the tooth were collected before the operation.

During the first treatment visit, the access cavity was prepared
under rubber dam isolation using 4% articaine with epinephrine 1:
100,000. Copious, gentle irrigation was provided twice: first with
1.25% sodium hypochlorite (20mL, 5 minutes) using an irrigating nee-
dle positioned �1 mm from the root end to minimize cytotoxicity to
stem cells in the apical tissues and then again with saline (20 mL/canal,
5 minutes). Canals were dried with paper points. Calcium hydroxide
paste was delivered into the canal system using a syringe, and the canal
was temporarily sealed using a 3–4 mm glass ionomer.

Teeth were reviewed 2 weeks later to assess the response to the
initial treatment. If there was any sign or symptom of persistent infec-
tion, additional treatment was considered with intracanal medications.

For the second surgery, anesthesia was induced with 2% lidocaine
without a vasoconstrictor. The tooth was isolated with a dental dam.
Copious, gentle irrigation was provided with 20 mL 17% EDTA. The canal
was dried with paper points. Bleeding in the canal system was infused by
rotating a precurved K-file at 2 mm past the apical foramen. The Bio-Gide
collagen membrane was placed at the middle third of the root, over the
blood clot, and ProRoot MTA (Dentsply Tulsa Dental, Johnson City, TN) was
used as a capping material. A layer of Filtek Z250 composite resin (3M
ESPE, Irvine, CA; 3–4mm)was placed over the cappingmaterial for the final
restoration. For the control group, all steps were similar as for the exper-
imental group, except that no Bio-Gide was used before adding theMTA.

All patients were evaluated at 3-month intervals for at least
6 months. Treatment outcomes were assessed clinically and radio-
graphically at each follow-up visit.

Evaluation of Treatment Outcomes
Treatment outcomes were assessed in a blinded manner by 2 inde-

pendent reviewers, both pediatric dentists. When an evaluation was not
JOE — Volume 43, Number 9, September 2017



Figure 2. The cementoenamel junction (a) and the midpoint of the radiographic apex (b). The measurements of root length were made along the straight line
from a to b. The straight line from c to d indicates the root width at the level of one third or two thirds of the length of the preoperative root canal. The straight line
from e to f is the pulp space width at the same level. Measurements of dentin wall thickness were made by subtracting ef from cd. The straight line from g (distal
apical end of the root) to h (mesial apical end of the root) indicates the apical foramen width.
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unanimous, consensus was reached through discussion. Clinical success
of the treatment was defined as survival of the tooth with resolution of the
periapical lesion and the absence of any clinical sign or symptom.

Radiographic examinations were performed by taking pre- and
postoperative parallel periapical films. All films were recorded using
the same dental X-ray machine (eXpert DC; Gendex Dental Systems, Hat-
field, PA) available at the Radiology Department of the Peking University
Hospital of Stomatology. Preoperative and final postoperative periapical
images in JPEG format were transferred to ImageJ software (version
1.41; National Institutes of Health, Bethesda, MD), mathematically
corrected using the TurboReg plug-in (Biomedical Imaging Group,
Swiss Federal Institute of Technology, Lausanne, Switzerland) accord-
ing to the method described by Bose et al (20), and calibrated. Changes
in root dimensions between the preoperative and final postoperative im-
ages were evaluated by measuring the changes in root length, dentin
wall thickness (measured at one third and two thirds of the preoperative
root length), and apical foramen width (Fig. 2).

Changes between the postoperative and preoperative values are
reported as a percentage. The values were calculated as follows:
TABLE 1. Demographic and Clinical Characteristics

Variable Control group Experimental group

Age (y) 9.82 � 1.5 10.3 � 1.9

Percentage increase in root length ¼ ðpostoperative length � preoperative length = preoperative lengthÞ � 100%
Percentage increase in dentine wall thickness ¼ ðpostop thickness � preop thickness = preop thicknessÞ � 100%
Percentage change in apical foramen width ¼ ðpostop width� preop width = preop widthÞ � 100%
Each measurement was made in duplicate, and all results were
averaged. Other clinical findings such as crown discoloration, restora-
tion failure, and root canal calcification were also evaluated from the
postoperative radiographs.
Sex, n (%)
Male 8 (40) 9 (45)
Female 12 (60) 11 (55)

Tooth type, n (%)
Anterior 9 (41) 5 (24)
Premolar 13 (59) 16 (76)

Cause, n (%)
Trauma 9 (41) 5 (24)
Broken central cusp 13 (59) 16 (76)

Diagnosis, n (%)
CAP 15 (68) 10 (48)
AAP 7 (32) 5 (24)
CP 0 (0) 6 (28)

Follow-up period (mo) 16.1 � 8.8 15.0 � 5.8

AAP, acute apical periodontitis; CAP, chronic apical periodontitis; CP, chronic pulpitis.
Data Collection and Statistical Analyses
The data collected included demographic information, contribu-

tory etiologies and diagnoses, teeth types, follow-up periods, treatment
outcomes, change in tooth color, root canal calcification, and an
electric pulp test. Dental data were converted into a Microsoft Excel
(Microsoft, Redmond, WA) spreadsheet. Radiographs obtained from
patients were scanned and saved in JPEG format. Data from the Excel
spreadsheet were imported into SPSS software (Version 20; IBM,
Armonk, NY) for further analyses. Differences in continuous variables
between groups were analyzed using t tests. Differences in categoric
variables were evaluated using the Fisher exact test. Percentage changes
JOE — Volume 43, Number 9, September 2017
in root length, dentin wall thickness, and apical foramen width were
analyzed using the Mann-Whitney U test. P values <.05 were considered
statistically significant. The mean values are reported.
Results
Demographic and Clinical Characteristics

All patients were evaluated in 3-month intervals for at least
6 months. The follow-up period ranged from 8 to 28 months for the
control group and 7 to 26 months for the experimental group. One
patient (1 tooth) in the control group and 2 patients (2 teeth) in the
experimental group were lost to follow-up because their parents
declined to return for it.

Ultimately, 40patientswith 43 teethwere included in thefinal analyses
(Table 1 and Fig. 3): 20 patients (22 teeth) in the control group (average
age, 9.82� 1.5 years; average follow-up time, 16.1 � 8.8 months) and
20 patients (21 teeth) in the experimental group (average age,
10.3� 1.9 years; average follow-up time, 15.0� 5.8 months). No signif-
icant differences in study variables, such as average age, sex, distribution of
Collagen Membrane in Regenerative Endodontics 1467



Figure 3. A flow diagram indicating patient recruitment and follow-up, according to the Consolidated Standards of Reporting Trials （http://www.consort-
statement.org/).
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teeth type, diagnosis, root development stage, or follow-up period, were
identified between the groups (all P > .05).

Treatment Outcomes
At the end of treatment, all cases were asymptomatic with complete

resolution of signs and symptoms (Table 2). Radiographically, all teeth
were found to have longer roots. Five teeth in the control group and 8 in
the experimental group achieved complete root development. More-
over, 91% (20/22) of cases in the control group and 86% (18/21)
in the experimental group showed increased dentin wall thickness in
the apical third of the root, 55% (12/22) of cases in the control group
and all in the experimental group showed increased dentin wall thick-
ness in the middle third of the root, and 91% (20/22) of cases in the
control group and all in the experimental group showed narrowing
of the apical foramen width.
TABLE 2. Treatment Outcomes

Variable

Control
group
(n = 22)

Experimental
group
(n = 21)

Increase in root length, n (%) 22 (100) 21 (100)
Increase in dentin wall thickness

in the apical third of
the root, n (%)

20 (91) 18 (86)

Increase in dentin wall thickness
in the middle third of
the root, n (%)

12 (55) 21 (100)

Narrowing of apical
foramen width, n (%)

20 (91) 21 (100)

Discoloration, n (%) 14 (64) 15 (71)
Calcification, n (%) 12 (55) 10 (48)
EPT, n (%) 4 (18) 7 (33)

EPT, electric pulp test.
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Postoperative crown discoloration was observed in 64% (14/22)
of cases in the control group and 71% (15/21) in the experimental
group. No restoration failure occurred in either group. Pulp canal calci-
fication was observed in 55% (12/22) of cases in the control group and
48% (10/21) in the experimental group. An electric pulp test was
achieved in 18% (4/22) of cases in the control group and 33%
(7/21) in the experimental group. There were no statistically significant
differences between the 2 groups in terms of any of the parameters stud-
ied (all P > .05).
Changes in Root Dimensions
Radiographically, cases in the experimental group showed a

slightly greater change in root length (16.40% � 13.6% in the exper-
imental group and 15.4% � 13.6% in the control group), a slightly
greater change in dentin wall thickness in the apical third of the root
(21.5% � 22.5% in the experimental group and 21.2% � 19.5% in
the control group), and a slightly greater change in the apical foramen
width (�65%� 34% in the experimental group and�55%� 34% in
the control group) (Table 3 and Fig. 4). However, these differences
were not statistically significant (Mann-Whitney U test, P > .05).
The difference in dentin wall thickness in the middle third of the root
between the 2 groups (23.8% � 21% in the experimental group and
6.9% � 14% in the control group) was statistically significant
(Mann-Whitney U test, P < .05).
Other Radiographic Findings
During the follow-up period, no significant differences between

anterior and posterior teeth in terms of continued root development
were identified. In addition, the effect of apical lesions on continued
root development was also nonsignificant.
JOE — Volume 43, Number 9, September 2017
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TABLE 3. Changes in Root Dimensions

Variable

Control
group,

mean ± SD

Experimental
group,

mean ± SD

Root length (%) 15.4 � 13.6 16.4 � 13.6
Dentin wall thickness in the

apical third of the root (%)
21.2 � 19.5 21.5 � 22.5

Dentin wall thickness in the
middle third of the root (%)

6.9 � 14 23.8 � 21

Apical foramen width (%) �55 � 34 �65 � 34

SD, standard deviation.

Regenerative Endodontics
Discussion
The collagen matrix was introduced into pulp regenerative end-

odontics to avoid apical displacement of the MTA and promote tissue
ingrowth in cases with insufficient blood for a clot (5, 8). In our
study, no cases of collapse occurred in either group; dentin wall
thickness at the middle third of the preoperative root canal showed a
significant increase in the experimental group. However, there were
no significant differences between the groups in the success rate or
other clinical indicators such as pulp vitality, root canal calcification,
or tooth discoloration. There were also no significant differences in
parameters of continued root development such as root length,
dentin wall thickness at the apical third of the root, or apical
foramen width. This suggests that use of the collagen membrane did
not directly improve the success rate or development at the apical
third of the root.
Figure 4. Changes in Root Dimensions.

JOE — Volume 43, Number 9, September 2017
In our study, 14 cases in the experimental group and 15 in the con-
trol group did not induce sufficient blood into the pulp space. In order
to compare the effect of the collagen membrane in cases with or without
sufficient blood, we performed a further analysis. Statistical analysis
found that the result in cases with or without sufficient blood is consis-
tent with the overall result (the increase in root canal wall thickness in
the middle third of the root was significantly higher in the experimental
group than the control group, whereas other parameters are compara-
ble). Although the difference was not significant, the increase in root
length wasmore obvious in cases with insufficient blood than the overall
result in the experimental group compared with the control group.
Further follow-up appointments and studies with a larger sample size
are scheduled to confirm these results.

When Jung et al (5) first introduced the collagen matrix into
regenerative endodontics to grow a new tissue into the pulp space
in cases with insufficient blood for a clot, they microscopically
observed that blood was oozing from the periradicular tissue
and wetting the matrix. Collagen is a bioactive material; it can
improve the rate of revascularization and helps in releasing the
growth factors (13). We placed the Bio-Gide in the middle third
of the root to avoid damaging the physiological structure of the
root apical region and serve as a scaffold. The Bio-Gide in our
study may have helped to promote blood filling into the root canal
(5), stabilize the blood clot (16), and aid in releasing the growth
factors (13) to promote the development of the root, especially in
the middle third of the root where we placed it. However, we
should note that a scaffold is not the only factor providing the
final curative effect because several teeth in our study did not
Collagen Membrane in Regenerative Endodontics 1469
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achieve sufficient root formation although sufficient blood was
induced in the pulp space and a collagen membrane was used
as a scaffold.

Our study included 14 anterior and 29 posterior teeth; we found
no differences between anterior and posterior teeth in terms of
continued root development. This confirms the value of regenerative
endodontics in anterior teeth affected by dental trauma involving pulp
and periodontitis.

We observed 2 main patterns of continued root development in
our study; some achieved complete development, with morphology
similar to the control teeth (Figs. S1 and S2 are available online at
www.jendodon.com). Others failed to show a significant increase in
root length; rather, dentin wall thickness increased, and the root end
became blunt (Fig. S3 is available online at www.jendodon.com), illus-
trating the uncertain effects of regenerative endodontics.

Our study included 25 cases with and 18 without apical le-
sions, with no differences in curative effects identified between
the groups. This confirms the curative effects of regenerative end-
odontics in teeth with apical lesions. However, 1 tooth with a se-
vere apical lesion showed continued root development after being
separated from the main root (Fig. S4 is available online at www.
jendodon.com). The viability of the Hertwig epithelial root sheath
and apical papilla depends on the severity and duration of apical
periodontitis/abscesses (21). In regenerative endodontics, these
structures must survive to regulate root development. A long his-
tory and a wide range of apical lesions can result in the separation
of the Hertwig epithelial root sheath and apical papilla, leading to
abnormal root growth (22).

Ten cases in the experimental group and 12 in the control group
showed root canal calcification. In animal studies, tissues that form in
the canals of revascularized immature teeth with apical periodontitis are
described as cementoid/osteoid tissues and periodontal ligament–like
tissues (23–27). Martin et al (27) found that tissues that form in the
canals of human teeth are mineralized tissues with some fibrous con-
nective tissue. No pulplike tissue, characterized by the presence of
odontoblastlike cells, has been observed lining the dentinlike mineral-
ized tissue. To date, specific factors for calcification and their effects on
the prognosis of those undergoing regenerative endodontics treatment
remain unknown.

Regenerative endodontics is a conservative yet effective
method for dealing with immature teeth affected by pulp and peri-
apical diseases. The use of the Bio-Gide collagen membrane did
not significantly improve the success rate or growth in the apical
third of the root, but it promoted the development of the dentin
wall at the middle third of the root, which has an advantage in
avoiding cervical root fractures. It also increased our convenience
in the operation and ensures the positioning of the sealing material,
making it especially suitable for teeth with wide root canals. How-
ever, the curative effects of regenerative endodontics are still uncer-
tain. We need to further explore factors that affect the clinical
course of this procedure.
Conclusions
The null hypothesis that the use of the Bio-Gide collagen

membrane would not promote dentin formation in regenerative
endodontics was partly rejected. The use of the membrane pro-
moted dentin formation in the middle third of the root. Because
most of the teeth in our study were not fully developed during
the short period of follow-up, further follow-up appointments
are scheduled.
1470 Jiang et al.
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