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Introduction: For deep intrabony defects or Class II furcation involvements (FI), periodontal tissue
regenerative therapy combined with bone graft materials and a barrier membrane is recommended. The
objective of this study was to assess the safety and efficacy of using carbonate apatite (CO3Ap) granules
and absorbable poly(lactic acid/caprolactone) (PLCL) membranes for periodontal regeneration in the
treatment of intrabony defects and mandibular Class II FI.
Methods: This prospective pilot clinical study, conducted at a single center with a single-arm design,
aimed to assess the safety and efficacy of CO3Ap and PLCL membranes in patients with periodontitis. A
total of 9 patients with 10 teeth, including seven deep intrabony defects and three Class II FI, were treated
with CO3Ap granules and PLCL membranes. Clinical parameters such as probing pocket depth (PPD),
clinical attachment level (CAL), bleeding on probing (BOP), tooth mobility (Mo), Plaque Index (PI), and
Gingival Index (GI) were assessed at baseline, 6 and 12 months post-surgery. Radiographic analysis was
performed using dental X-rays and cone beam computed tomography (CBCT) images taken at baseline, 6,
and 12 months post-surgery.
Results: Postoperative healing was uneventful in most of the cases. In some cases, membrane exposures
were observed. However, there were no signs of inflammation, such as abnormal bleeding, pain, swelling,
or pus. These exposures eventually healed well in the end. The mean reductions in PPD at 6 and 12
months were 4.5 ± 1.6 mm and 4.9 ± 1.4 mm, respectively, while the mean gains in CAL were
4.4 ± 1.7 mm at 6 months and 4.6 ± 1.2 mm at 12 months. Radiographic analysis showed improvements
in linear bone height within intrabony defects and in the vertical subclassification of FI in Class II FI.
Conclusions: Despite the limitations of this study, periodontal regenerative therapy using CO3Ap granules
and a PLCL membrane demonstrated promising clinical safety and efficacy for treating intrabony defects
and mandibular Class II furcation involvement.
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1. Introduction

Periodontitis is characterized by inflammation around the
periodontal tissues, resulting in bone resorption that can lead to
tooth loss if untreated [1]. The extent and morphology of bone
resorption around the root can vary, with defects categorized based
on the number of remaining bone wallsdranging from one-wall to
three-wall defects, as well as circumferential defects [2]. In cases
where bone resorption reaches the entrance of the furcation in
multi-rooted teeth, furcation involvement (FI) can be diagnosed.
The classification of FI ranges from Class I to Class III, representing
different stages of progression until the defect fully penetrates the
furcation area [3].

Previous systematic reviews and consensus reports have high-
lighted that periodontal regenerative therapy yields favorable
clinical outcomes, particularly in cases of deep intrabony defects
and Class II FI [4e9].

To support periodontal tissue regeneration, various synthetic
bone graft substitutes have been applied [10]. Carbonate apatite
(CO3Ap) is one of the components of natural bone in humans and is
biodegradable under physiological conditions through absorption
by osteoclasts [11e14]. CO3Ap has recently been clinically employed
as a chemically manufactured synthetic bone graft substitute
[15,16]. In recent years, the safety and efficacy of periodontal tissue
regeneration therapy using CO3Ap have been reported in both
preclinical and clinical trials [17e20].

Barrier membranes are categorized as either resorbable or non-
resorbable. Non-resorbable membranes are durable and effectively
prevent fibroblast infiltration during the bone regeneration phase,
promoting adequate bone formation [21]. Nevertheless, non-
resorbable membranes have disadvantages such as requiring a
second surgical procedure for their removal and a risk of infection if
the membrane becomes exposed [22]. On the other hand, resorb-
able membranes are naturally absorbed by the body and do not
need to be removed surgically, making them a popular choice for
guided bone regeneration (GBR) procedures and periodontal
regenerative therapies. Most currently available resorbable mem-
branes are composed of animal-derived collagen [23]. However,
predicting the breakdown and resorption rate of collagen-based
resorbable membranes is difficult. There are also concerns about
whether these membranes can maintain their cell barrier function
throughout the bone formation period without being prematurely
absorbed [24].

To address these challenges, the development of a GBR mem-
brane necessitates a well-defined composition, reliable sourcing,
and utilization of a chemically synthesized, biodegradable polymer
that has been tailored to possess all the essential characteristics
needed for GBR applications.

Recently, a new biodegradable membrane composed of poly(-
lactic acid (LA)/caprolactone (CL)) (PLCL), has been developed. The
degradation rate of P(LA/CL) can be adjusted by varying the amount
of PCL in the composition [25]. This membrane has a bilayer
structure consisting of outer compact and inner porous layers.
Previous in vivo and in vitro studies indicated that its porous
structure of the inner surface promoted bone formation, while its
compact structure of the outer surface provided strong barrier ef-
fects against bacterial adherence and penetration. A Case report has
been published demonstrating the safety and efficacy of bone
regeneration using a PLCL membrane during simultaneous implant
placement [26]. However, there are currently no prior clinical
studies reporting the safety and efficacy of periodontal regenera-
tion using a combination of bone graft material and a PLCL mem-
brane. Therefore, this initial pilot clinical trial in humans aimed to
assess the safety and efficacy of using a combination of CO3Ap
granules and PLCL membrane for periodontal regenerative therapy.
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The study included cases of intrabony defects andmandibular Class
II FI to investigate the potential of CO3Ap granules and PLCL
membrane in periodontal regeneration.

2. Methods

2.1. Patient population and study design

This study was conducted as an observational prospective
clinical trial at a single center, with a non-blinded, single-arm
design. Recruitment took place between April 2022 and January
2023 among patients undergoing non-surgical periodontal therapy
at the Periodontal Clinic of Tokyo Medical and Dental University
Hospital. Patients were included based on specific criteria: 1) aged
20 years or older with informed consent, 2) diagnosed with severe
periodontitis showing a probing pocket depth (PPD) of 4 mm or
greater and a bony defect depth of 3 mm or greater on dental x-ray
images, specifically intrabony defects or Class II FI in the mandible,
and 3) agreed to participate in the study utilizing their pre- and
post-treatment examination and medical records and to receive
guided tissue regeneration therapy using CO3Ap granules with a
PLCL membrane. After obtaining informed consent for study
participation, a preoperative examinationwas conducted, including
a medical interview, periodontal tissue examinations, dental X-ray
images, cone-beam computed tomography (CBCT) (3DX FPD,
Morita, Japan), and intraoral photos. The clinical trial was con-
ducted in compliance with theWorld Medical Association's Code of
Ethics (Declaration of Helsinki), approved by the ethics committee
at Tokyo Medical and Dental University (NR2021-012), and regis-
tered in Japan Registry of Clinical Trials (jRCTs032210705).

2.2. Clinical measurements at baseline and follow-up visits

In this study, various clinical measurements of periodontal tis-
sues were conducted, including Clinical Attachment Level (CAL),
Probing Pocket Depth (PPD), Bleeding on Probing (BOP), Tooth
Mobility (Mo), Plaque Index (PI), and Gingival Index (GI). CAL and
PPD were assessed at the deepest sites using a periodontal probe
(PCP-UNC-15, Hu-Friedy, Chicago, USA) with a standardized pres-
sure of 25 g. The degree of furcation involvement (FI) was evaluated
using a furcation probe (PQ2N6, Hu-Friedy, Chicago, USA). Prior to
the trial, examiners underwent calibration to ensure consistent and
standardized measurements. Clinical measurements were taken at
specific time points: initial visit, 2 months post non-surgical peri-
odontal treatment as baseline (BL), and at 6 and 12months after the
surgical intervention. Fig. 1 provides an overview of the treatment
and follow-up sequence depicted in the study.

2.3. Surgical procedures

Before the surgery, periodontal specialists (M.O., S.F.) conducted
the initial phase of periodontal treatment, which included
providing instructions on oral hygiene and non-surgical peri-
odontal procedures. All periodontal regenerative therapies were
carried out by these specialists, and local anesthesia (Xylocaine, GC
Showa-Yakuhin Corporation, Tokyo, Japan) was administered. The
surgical procedure involved elevating the flap based on the incision
design with papillae preservation techniques chosen by the sur-
geon. Utilizing an ultrasonic scaler and Gracey curettes under a
microscope and/or dental loupes, dental plaque, calculus, and
granulation tissues were removed. The morphology of intrabony
defects and the classification of FI were verified. Particulate bone
substitutes, specifically CO3Ap (Cytranse Granules, GC Corporation,
Tokyo, Japan), were soaked in saline solution to improve their
handling. The bone defects were then filled with CO3Ap granules



Fig. 1. Overview of the treatment and follow-up sequence.
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and covered with trimmed biodegradable bilayered PLCL mem-
branes (Cytranse Erashield; GC Corporation, Tokyo, Japan). When
fixation of the membrane was required, it was positioned using
absorbable sutures (5-0 Vicryl, Johnson & Johnson, New Jersey,
USA) in a sling suture. If the tooth exhibited mobility greater than
degree 2 following flap closure, temporary fixed resin cement
(Superbond C&B, Clear polymer powder, Sun Medical, Shiga, Japan)
was applied to splint the tooth with an adjacent tooth. During the
initial revaluation, the cement was removed, and the toothmobility
was reassessed. Irrespective of the incision design in each case,
tension-free flap closure was achieved using single interrupted
sutures and/or mattress sutures (5-0 Softretch, GC Corporation,
Tokyo, Japan). Immediately after the surgery, a dental X-ray image
was taken. Postoperative care involved the systemic administration
of antibiotics (amoxicillin 750 mg/day for three days), analgesics
(Loxoprofen sodium 180 mg/day for 3 days), and 0.2% benzetho-
nium chloride oral rinses (Neostelin Green 0.2% mouthwash solu-
tion, Nishika, Yamaguchi, Japan) (three times/day for two weeks).
Sutures were removed at the two-week post-surgery.

2.4. Radiographic analysis

Standardized dental X-ray images were captured using the
long-cone paralleling technique at baseline (BL), the day of sur-
gery, as well as 6- and 12-months post-operation. The average
percent of bone fill in sites with intrabony defects was determined
following established procedures [19,20], employing image
processing software (ImageJ, U.S. National Institutes of Health,
Maryland, USA). Landmarks such as the cement-enamel junction
(CEJ), apex, remaining alveolar bone crest, and the bottom of the
Fig. 2. a. Measurement of the percentage of bone fill is determined using standardized den
(CEJ), the root apex, the remaining alveolar bone crest, and the bottom of the bone defect at
with the formula: (AeD) - (A - D0) � 100/(CeD). The distance between the CEJ and the ape
furcation involvement (FI) is assessed by examining a two-dimensional cross-section at the F
cross-section is then divided into three equal segments: the coronal third (subclass A), the m
of periodontal support loss is categorized into these three subclasses.
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bone defect were identified. The rate of alveolar bone height in-
crease was calculated using the formula [(A-D at BL) - (A-D’ at
revaluation)] * 100/(C-D at BL) (Fig. 2a), with the distance between
CEJ and root apex serving as a reference for pre- and postoperative
correction. To assess new bone formation in intrabony defect,
linear bone height was calculated based on a previous study [27].
Cone-beam computed tomography (CBCT) images were
obtained at BL, 6- and 12-months post-operation. The length
between CEJ and the bottom of the intrabony defect in each two-
dimensional CBCT section was measured, again using the
distance between CEJ and root apex as a reference for pre- and
postoperative correction.

Vertical subclassification of FI was diagnosed using dental CBCT
images captured at BL and 12months post-operation [28]. The two-
dimensional CBCT section at the tested FI involved dividing the two
roots closest to the FI into two equal parts. Within this section, the
area between the apex and flute was divided into coronal (subclass
A), middle (subclass B), or apical (subclass C) thirds of the root
length. The degree of the worst periodontal attachment was cate-
gorized by these three subclasses (Fig. 2b). All radiographic ana-
lyses were carried out using image processing software (ImageJ,
U.S. National Institutes of Health, Maryland, USA) by the same
calibrated blinded examiner (D.Y.), who was not involved in the
surgical procedures.

2.5. Statistical analysis

Descriptive statistics, including mean and standard deviations
for metric variables, were provided using Microsoft Excel version
2011 from Microsoft, Redmond, WA.
tal x-ray images. Points A, B, C, D, and D0 correspond to the cementoenamel junction
baseline and revaluation, respectively. The increase in alveolar bone height is calculated
x is used as a reference to correct for minor errors. b. The vertical subclassification of
I site. This is done by splitting the two roots nearest to the FI into two equal halves. This
iddle third (subclass B), and the apical third (subclass C) of the root length. The severity
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3. Results

3.1. Study population

A total of 9 patients (three males and six females) undergoing
treatment at the Department of Periodontology, Tokyo Medical and
Dental University Hospital, were included in the study. The patients
had an average age of 58.6 ± 15.7 years, with none of them having
smoking habits or diabetes. The characteristics of each subject and
test site at baseline were presented in Table 1. The study was
conducted on 10 sites, with seven patients having intrabony defects
at seven sites and two patients with mandibular Class II FI at three
Table 1
Characteristics of patients and tested sites (n¼ 9 patients, 10 teeth) DM; diabetes, MB; me
approach, MPPT; modified papillae preservation technique.

Patient

Parameter 1 2 3 4
Age/Sex 63/Female 74/Male 70/Female 47/Female
Smoking No No No No
DM No No No No
Tooth location #37 #46 #14 #34 #37
Tested site B B MB M DB, D
Defect type FI ClassII FI

ClassII
1-2 wall 1-2 wall 2-3 wall

Flap design SFA SFA MPPT MPPT SFA
Splinting ➖ ➖ ➖ ➖ ➕

Fig. 3. Case 1; a 70-year-old female. a) After flap elevation of the mandibular left first prem
granules. c) After administration of a PLCL membrane. d) 48 weeks after the surgery. e, g) Den
two-dimensional section of CBCT at 48 weeks post-surgery.
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sites. Clinical and radiographic images of typical cases for intrabony
defects, Class II FI were shown in Figs. 3e5.

3.2. Clinical outcomes

Primary healing without abnormal bleeding, pain, redness, or
swelling was achieved at six out of ten sites without any exposure
of the grafted materials or PLCL membranes. At four sites, mem-
brane exposures from the gingival sulcus were observed, but there
were no signs of inflammation such as bleeding, swelling, or pus,
and these sites eventually healed well. The clinical outcomes at
each time point; BL, 6 and 12 months after the surgery were
sial-buccal, DB; distal-buccal, B; buccal, M; mesial, BL; buccal-lingual, SFA; single flap

5 6 7 8 9
51/Male 73/Male 27/Female 48/Female 67/Female
No No No No No
No No No No No
#47 #36 #36 #14 #46
DB, D B M, D M D
2-3 wall FI

ClassII
1-2 wall 1-2 wall 2-3 wall

Extended Flap SFA MPPT MPPT Extended Flap
➕ ➖ ➖ ➖ ➖

olar; #34, 1e2 wall intrabony defect was observed. b) After administration of CO3Ap
tal x-ray image and two-dimensional section of CBCT at BL. f, h) Dental x-ray image and



Fig. 4. Case 2; a 47-year-old female. a) After flap elevation of the mandibular left second molar; #37, 3 wall intrabony defect was observed. b) After administration of CO3Ap
granules. c) After administration of a PLCL membrane. d) 48 weeks after the surgery. e, g) Dental x-ray image and two-dimensional section of CBCT at BL. f, h) Dental x-ray image and
two-dimensional section of CBCT at 48 weeks post-surgery.
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summarized in Table 2. The average gain in CAL at 6- and 12-
months post-surgery was 4.4 ± 1.7 mm and 4.6 ± 1.2 mm, respec-
tively. Similarly, the mean reduction in PPD at these time points
was 4.5 ± 1.6 mm and 4.9 ± 1.4 mm, respectively. BOP was absent in
all tested sites at 24 and 48 weeks after surgery. Tooth mobility
remained stable throughout the observational period in this study.
Notably, one of the Class II furcation involvements (FI) sites
improved to Class I, while the other site successfully resolved the FI.

3.3. Radiographic analysis

The radiographic analysis for each patient is presented in
Table 2. The average percentage of bone fill in sites with intrabony
defects was 35.89% ± 17.97% at 6 months, and 40.4% ± 20.69% at 12
months post-surgery. Additionally, the mean increase in linear
bone height at sites with intrabony defects from BL to 6- and 12-
months post-surgery was 3.5 ± 1.9 mm and 3.4 ± 2.0 mm,
respectively.

Regarding the vertical subclassification of FI, improvement from
Class B to Class A was observed in two cases, and improvement
from Class C to Class A was observed in one case.

4. Discussion

This study represents the first human clinical trial aiming to
achieve periodontal tissue regeneration using guided tissue
regeneration (GTR) with a combination of CO3Ap granules and a
771
PLCL membrane for intrabony defects and Class II FI in the
mandible. Throughout the observation period, no serious adverse
events such as postoperative infections were observed.

A combination of CO3Ap granules and a PLCL membrane in
periodontal regenerative therapy proved to be an effective treat-
ment modality. Regarding intrabony defects, a mean CAL gain of
4.6 ± 1.3 mm and a mean PPD reduction of 4.7 ± 1.2 mm were
achieved at 12 months after the surgery. The mean % bone fill and
the mean gain of liner bone height between BL and 12months after
the surgery amounted to 40.4 ± 20.7 %, and 3.4 ± 2.0 mm,
respectively. According to the success criteria for periodontal
regenerative therapy suggested in a previous study [31], all tested
sites in this study met the composite outcome measure (CAL gain
�3mm, pockets�4mmwithout bleeding). The results of this study
can be partly attributed to the initial CAL of each patient with
intrabony defects. Previous research has shown that sites with
deeper initial intrabony defects tend to exhibit greater CAL gain
following periodontal regenerative therapy [32]. Specifically, the
mean initial CAL measurements for sites with intrabony defects
were 8.1 ± 2.1 mm in this study.

At the tested sites with Class II FI in the mandible, a mean gain of
4.7 ± 1.7 mm in CAL and a mean reduction of 5.3 ± 1.9 mm in PPD
were achieved at 12 months post-surgery. At the revaluation in 6
and 12months after the surgery, all sites were classified as Class A in
terms of vertical subclassification of FI. Previous research indicated
that improvements in the vertical subclassification of furcation
involvement are associated with improved tooth prognosis [28].



Fig. 5. Case 3; a 73-year-old male. a) After flap elevation of the mandibular left first molar; #36, FI was observed. b) After administration of CO3Ap granules. c) After administration
of a PLCL membrane. d) 48 weeks after the surgery. e, g) Dental x-ray image and two-dimensional section of CBCT at BL. f, h) Dental x-ray image and two-dimensional section of
CBCT at 48 weeks post-surgery.
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The improvements in CAL, PPD, and bone fill percentages
observed in this study are not inferior to the outcomes in previous
clinical studies evaluating the efficacy of combining other bone
graft substitutes and membranes in periodontal regenerative
therapy [29,30]. The favorable clinical outcomes are most likely to
be related to the characteristics of CO3Ap bone substitute and
bilayer PLCL membrane.

CO3Ap, a delayed absorbable bone graft material, exhibit supe-
rior space-making capabilities for periodontal tissue regeneration
compared to rapidly absorbable bone graft materials like beta-
tricalcium phosphate [33]. Additionally, because CO3Ap is less
likely to remain over the long term, as seen with bovine-derived
xenografts [34e36], it is expected to reduce the risk of post-
operative reinfection [37]. Based on these considerations, CO3Ap is
considered effective as a bone graft material for periodontal
regenerative therapy.

For intrabony bone defects with one or two walls, wide
intrabony defects, and Class II FI, the additional use of membranes
is recommended to facilitate space-making for periodontal tissue
regeneration and to prevent epithelial downgrowth. However,
complications during the initial healing phase, such as membrane
exposure, have been a point of concern. Typically, these compli-
cations can lead to decreased clinical outcomes of periodontal
regeneration due to rapid membrane resorption and infections of
the bone substitutes. In this present study, membrane exposures
from the gingival sulcus were observed at a few tested sites
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regardless of papillae preservation incision design. However, there
were no signs of inflammation and these sites eventually healed
well and periodontal conditions were clinically improved. These
heterogeneous results might be ascribed to the unique properties of
the PLCL membrane. A PLCL membrane is characterized by excel-
lent biocompatibility, a slow degradation rate, reduced bacterial
adhesion, and blocked bacterial penetration [25,39].

Originally, this PLCLmembranewas developed for applications in
GBR procedures. For this purpose, the membrane possesses unique
stiff and elastic features, which allow it to be stretched and stabilized
with fixing pins, facilitating easy handling. An in vitro study evalu-
ating the physicochemical characteristics of PLCL membrane
revealed its high tensile strength and breaking strain. In fact, a pre-
clinical study revealed that significantly greater bone regeneration
was achieved by treatmentwith PLCLmembrane comparedwith Col
membranes [38]. Furthermore, the previous in vivo study demon-
strated that the barrier function of the PLCLmembranewas superior
to type I collagen (Co)membranes [38]. The PLCLmembrane showed
slow biodegradation, resulting in an efficient and prolonged barrier
function compared with type I Col membranes.

This study was conducted as an exploratory observational pro-
spective clinical trial with a limited number of participants. Larger-
scale studies with extended follow-up periods and randomized
clinical trial designs are needed to validate the efficacy of peri-
odontal regeneration using a combination of CO3Ap and PLCL
membrane.



Table 2
Results of clinical and radiographic evaluation. CAL; clinical attachment level, PPD; probing pocket depth, Mo; teeth mobility, PI; plaque index, GI; gingival index, FI; furcation
involvement, BL, baseline. A; subclass A, B; subclass B.

Patient

Parameter 1 2 3 4 5 6 7 8 9

Tooth location #37 #46 #14 #34 #37 #47 #36 #36 #14 #46
Defect type FI ClassII FI

ClassII
1-2 wall 1-2 wall 2-3 wall 2-3 wall FI

ClassII
1-2 wall 1-2 wall 2-3 wall

CAL
BL (mm)

6 7 8 8 7 13 11 7 8 6

CAL
24w (mm)

3 3 4 4 3 5 4 5 3 3

CAL
48w (mm)

2 3 3 4 2 4 5 4 3 3

PPD
BL (mm)

6 7 8 6 7 13 10 7 8 5

PPD
24w (mm)

3 3 4 2 3 5 3 4 3 2

PPD
48w (mm)

2 3 3 2 2 4 2 3 3 2

BOP BL þ þ þ þ þ þ e þ þ e

BOP 24w e e e e e þ e e e e

BOP 48w e þ þ e e e e e e e

Mo BL 0 0 0 1 0 2 0 0 0 0
Mo 24w 0 0 0 1 0 1 0 0 0 0
Mo 48w 0 0 0 1 0 1 0 0 0 0
PI BL 1 1 1 1 0 1 1 2 1 0
PI 24w 0 1 0 0 0 1 1 1 0 0
PI 48w 0 0 0 0 0 1 1 0 0 0
GI BL 2 2 2 2 2 2 2 2 2 2
GI 24w 0 1 0 0 0 2 0 1 0 0
GI 48w 0 0 0 0 0 1 0 1 0 0
% bone fill 24w (%) 20.6 36.9 63.8 47.7 47.6 37.1 33.5
% bone fill
36w (%)

21.2 42.4 67.4 48.7 53.9 43.5 46.2

Linear bone height (mm) 24w 1.28 3.33 6.35 5.14 3.14 2.24 2.68
Linear bone height (mm) 48w 1.31 3.83 6.72 5.25 3.55 2.62 3.69
Subclassification of FI BL B B C
Subclassification of FI 24w A A A
Subclassification of FI 48w A A A
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5. Conclusions

Despite the study's limitations, periodontal regenerative ther-
apy using CO3Ap granules and a PLCLmembrane showed promising
clinical safety and efficacy for intrabony defects and mandibular
Class II FI.
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