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ABSTRACT

Purpose: No evidence exists regarding the advantages of periodontal regeneration treatment
for furcation defects using soft block bone substitutes. Therefore, this randomized controlled
trial aimed to assess the clinical and radiographic outcomes of regenerative therapy using
porcine-derived soft block bone substitutes (DPBM-C, test group) compared with porcine-
derived particulate bone substitutes (DPBM, control group) for the treatment of severe class
1I furcation defects in the mandibular molar regions.

Methods: Thirty-five enrolled patients (test group, n=17; control group, n=18) were available for
a12-month follow-up assessment. Clinical (probing pocket depth [PPD] and clinical attachment
level [CAL]) and radiographic (vertical furcation defect; VFD) parameters were evaluated at
baseline and 6 and 12 months after regenerative treatment. Early postoperative discomfort
(severity and duration of pain and swelling) and wound healing outcomes (dehiscence,
suppuration, abscess formation, and swelling) were also assessed 2 weeks after surgery.
Results: For both treatment modalities, significant improvements in PPD, CAL, and VFD were
found in the test group (PPD reduction of 4.1+3.0 mm, CAL gain of 4.4+2.9 mm, and VFD
reduction of 4.1+2.5 mm) and control group (PPD reduction of 2.7+2.0 mm, CAL gain of 2.0+2.8
mm, and VFD reduction of 2.4+2.5 mm) 12 months after the regenerative treatment of furcation
defects (2<0.05). However, no statistically significant differences were found in any of the
measured clinical and radiographic parameters, and no significant differences were observed in
any early postoperative discomfort and wound healing outcomes between the 2 groups.
Conclusions: Similar to DPBM, DPBM-C showed favorable clinical and radiographic
outcomes for periodontal regeneration of severe class II furcation defects in a 12-month
follow-up period.

Trial Registration: Clinical Research Information Service Identifier: KCT0O007305

Keywords: Bone regeneration; Furcation defects; Periodontal diseases;
Randomized controlled trial
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INTRODUCTION

Furcation involvement or defect is defined as periodontally induced pathologic alveolar bone
resorption and attachment loss into the bifurcation or trifurcation of a multi-rooted tooth
[1]. Over the past several decades, guided tissue regeneration (GTR) with non-resorbable
membranes has been usefully and validly applied to furcation defects, and some clinical
studies have reported achieving resolution in more than 90% of defects [2,3]. However,
owing to the possibility of critical postoperative complications, such as membrane exposure,
dehiscence, and severe infection, routine clinical use of the GTR technique is currently
limited [4,5].

A recent systematic review concluded that GTR in combination with resorbable collagen
membranes and bone grafts for the treatment of class II furcation defects provides additional
advantages in terms of defect filling and defect volume reduction, compared to conventional
GTR or open flap debridement (OFD) [6]. Deproteinized bovine bone mineral (DBBM), a
bone graft material and the first animal bone employed to produce xenografts, has been
widely and successfully used in periodontal regenerative treatment, especially for class II
furcation defects [7,8]. In more recently developed xenografts, deproteinized porcine bone
mineral (DPBM) has also been commonly used in the field of dental materials for clinical
applications [9,10]. Several prospective and retrospective studies have demonstrated that
DPBM significantly improved clinical and radiographic outcomes following periodontal
regeneration treatment [11-13].

Various nonsurgical and surgical treatment techniques, including scaling and root planning,
OFD with or without bone graft materials, GTR, and root resection or tunneling, have been
devised. However, the ideal materials or treatment modalities for the regenerative treatment
of furcation defects remain a matter of debate, and no standard guidelines have been
established [1,14]. In addition, several preclinical and clinical studies on bone grafts have
reported that more recently devised soft block bone substitutes improved morphological
stability and maintenance capacity compared to particulate bone substitutes. However, to
the best of our knowledge, no research has focused on the practical benefits of using soft
block bone substitutes for periodontal regeneration in cases of furcation defects. Therefore,
this prospective randomized clinical trial aimed to determine the clinical and radiographic
advantages of using collagenated soft-type DPBM block bone substitutes (DPBM-C) for the
periodontal regenerative treatment of severe class II furcation defects in the mandibular
molar region.

MATERIALS AND METHODS

Study design

This prospective randomized controlled follow-up study included patients attending the
Department of Periodontology at Daejeon Dental Hospital, Wonkwang University, between
November 2020 and April 2022. The study protocol was approved by the local Institutional
Review Board of Daejeon Dental Hospital, Wonkwang University (approval No. W2011/003-
001) and registered with the Republic of Korea Clinical Trials Registry (identifier number:
KCT0007305). The study was performed with informed consent and followed the revised
Declaration of Helsinki [15]. The Consolidated Standards of Reporting Trial checklist was
used to evaluate the reporting quality of the current trial.
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Study population

Patients with furcation involvement were included in this study. The detailed inclusion
criteria were as follows: 1) presence of class II (3 mm horizontal alveolar bone loss but not
through and through) and grade III (=7 mm vertical probing depth) furcation defect at the
buccal aspect of the mandibular first or second molar; 2) age >20 years; 3) non-, former, or
light (<10 cigarettes/day) smoking; 4) well-controlled or stable periodontal status (<25%
full-mouth bleeding score on probing and full-mouth plaque score); and 5) healthy or
minimal systemic illness that would not contraindicate a surgical procedure [16,17]. The
exclusion criteria were as follows: 1) heavy smoking (>10 cigarettes/day); 2) uncontrolled or
poor periodontal status; 3) uncontrolled systemic disease including diabetes mellitus and
hypertension; 4) alcoholism or drug abuse; 5) lactation or pregnancy; and 6) failure to sign an
informed consent form.

Procedures and interventions

The surgical procedure was performed by an experienced periodontal specialist (JHL). A
sulcular full-thickness mucoperiosteal flap was minimally but sufficiently elevated to expose
class IT and grade III furcation defects of the mandibular first or second molar under local
anesthesia (2% lidocaine HCI with 1:100,000 epinephrine; Yuhan, Seoul, Korea). All plaque,
calculus, and granulation tissues were removed with curettes (standard and mini-Gracey
curettes; Hu-Friedy, Chicago, IL, USA) and an ultrasonic device (SONICflex air scaler; KaVo,
Biberach, Germany). After root conditioning with tetracycline HCI for 2 minutes, enamel
matrix derivative (EMD) (Emdogain 0.3 mL; Straumann, Basel, Switzerland) was applied to
the debrided and dried root surface. The bone graft materials were then filled in the furcation
defect area as follows:

« Test group: After soaking in sterile saline solution for 30 seconds, DPBM-C (DPBM with
10% collagen, THE Graft Collagen 0.34 mL/0.15 g; Purgo Biologics, Seongnam, Korea)
was directly and appropriately trimmed according to the shape and size of the furcation
defects using a #15 blade. DPBM-C was then filled into the furcation defects using a
stainless steel amalgam plugger.

« Control group: DPBM (THE Graft 0.25 g; Purgo Biologics) was filled into the furcation
defect.

The flap was repositioned and stabilized using a 4-0 non-absorbable polytetrafluoroethylene
monofilament (Biotex; Purgo Biologics) with interrupted and sling sutures. Patients were
provided postoperative medication (amoxicillin [500 mg] and ibuprofen [200 mg], 3

times daily for 5 days) and mouthwash (0.12% chlorhexidine digluconate, twice daily for 2
weeks). After 2 weeks, the sutures were carefully removed, and follow-up examinations were
performed at 6-month intervals.

Outcome measurements

The observed clinical and radiographic outcomes were measured before surgery (T0), 2
weeks after surgery (T1), at a 6-month follow-up (T2), and at a 12-month follow-up (T3). All
measurements were performed by 1 calibrated examiner (JHL), and the intra-rater reliability
and reproducibility were high, with intraclass correlation coefficients of over 0.80.

Clinical and radiographic measures

Clinical parameters, including probing pocket depth (PPD) and clinical attachment level
(CAL), were measured for each tooth using a periodontal probe (CP 15 UNC periodontal
probe; Hu-Friedy) at TO, T2, and T3. Vertical furcation depth (VFD) was measured as the
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distance between the fornix of the furcation and the most apical extension of the furcation
defect on periapical radiographs using medical imaging measurement software (OsiriX
version 11.0; Pixmeo SARL, Geneva, Switzerland) at TO, T2, and T3.

Early postoperative discomfort and wound healing measures

Early and subjective postoperative discomfort, including severity and duration of pain and
swelling, was measured using a visual analog scale score (0-10; O: no pain and swelling, 10:
worst pain and swelling) using a self-reported questionnaire at T1 [18]. Early postoperative
wound healing outcomes, including dehiscence, suppuration, abscess formation, and
swelling, were also assessed at T1 [19].

Sample size estimation

No previous data on clinical and radiographic outcomes of periodontal regenerative
treatment with soft block bone substitutes are available in the literature. Therefore, a sample
size calculation was performed to compare a significant difference of 1.0 mm in the bone
level between the 2 treatment procedures based on previous studies of OFD with adjunctive
use of particulate bone substitutes and EMD [20]. According to a power analysis using
statistical power analyses software (G*Power software version 3.1; Franz Faul, Christian-
Albrechts-Universitit Kiel, Kiel, Germany), a required sample of 17 patients for each group
was sufficient to obtain a power of 0.80 and an alpha of 0.05. Allowing for a dropout rate of
20%, 40 patients were required for enrollment.

Randomization and allocation

All enrolled patients were randomly assigned (1:1) to the test (n=20) and control (n=20)
groups using a computer-generated table to receive 1 of the 2 treatment methods using
permuted blocks of 2 and 4 patients. Randomization and allocation procedures were
performed by an assistant who was not involved in the current study.

Statistical analysis

All included categorical and continuous variables are expressed as frequencies (n),
proportions (%), means, median, first and third quartiles, standard deviations, and 95%
confidence intervals (CIs). The Shapiro-Wilk test was used for data normality verification,
and the y? test, independent #test, and paired #test were conducted to determine the
significance of differences in clinical, radiographic, and postoperative discomfort and early
wound healing outcomes. All statistical analyses were performed using a statistical software
program (SPSS version 28.01.0; IBM Corporation, Armonk, NY, USA), and a value of P<0.05
was considered to indicate statistical significance.

RESULTS

Forty patients were screened and randomly assigned at a 1:1 allocation ratio to the test and
control groups at TO. Of the 35 patients finally included, based on the inclusion and exclusion
criteria, 17 (mean age 57.9+8.1 years; 7 men and 10 women) were in the test group and 18
(mean age 51.6+15.9 years; 9 men and 9 women) were in the control group. No statistically
significant differences were observed in the baseline characteristics between the 2 groups. The
detailed baseline characteristics and flowchart of the participants are presented in Table 1and
Figure 1.
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Table 1. Baseline characteristics of the enrolled patients

Variables Test group (n=17) Control group (n=18) P
Sex 0.605
Male 7 (41.92) 9 (50.0)
Female 10 (58.8) 9 (50.0)
Age (yr) 57.9:8.1 51.6+15.9 0.217
Smoking habits 0.515
Non-smoker 12 (70.6) 14 (77.8)
Former smoker 3(17.6) 1(5.6)
Smoker (<10 cigarettes/day) 2(11.8) 3(16.7)
Diabetes mellitus 0.586
Yes 1(5.9) 2 (11.1)
Location 0.482
Mandibular first molar 14 (82.4) 13(72.2)
Mandibular second molar 3(17.6) 5(27.8)
Periodontal status
BOP 16 (94.1) 18 (100.0) 0.303
Gl 2.2+0.6 2.3+0.5 0.641
Pl 1.8+0.7 1.7+0.8 0.736

Values are presented as mean = standard deviation or number (%).
BOP: bleeding on probing, Gl: gingival index, PI: plaque index.

| Assessed for eligibility and enrollment (n=40) |

4>| Excluded (n=0) |

| Randomization (n=40) |

Allocation

Iﬁ

Test group Control group
(OFD with DPBM-C and EMD) (OFD with DPBM and EMD)
Allocated to intervention (n=20) Allocated to intervention (n=20)
- Received allocated location (n=20) - Received allocated location (n=20)
- Did not received allocated location (n=0) - Did not received allocated location (n=0)

2 weeks, suture removal

| Self-report questionnaire and clinical assessment (n=40) |

6-month follow-up

| Lost to follow-up (n=1) | | Lost to follow-up (n=0) |

12-month follow-up

| Lost to follow-up (n=2) | | Lost to follow-up (n=2) |

Analysis

| Data analysis (n=17) | | Data analysis (n=18) |

Figure 1. Flow chart for study patients.
OFD: open flap debridement, EMD: enamel matrix derivative, DPBM: demineralized porcine bone matrix, DPBM-C:
deproteinized porcine bone mineral with 10% collagen.
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Clinical and radiographic outcomes

Table 2 presents the clinical and radiographic measurements at TO, T2, and T3. Twelve
months after the regenerative treatment of severe class II furcation defects, significant
improvements in PPD, CAL, and VFD were observed in the test and control groups (2<0.05).
At T2, the test group showed significant changes in PPD, CAL, and VFD, from 9.3+1.9

mm to 5.2+2.2 mm (£<0.001), 10.0+1.5 mm to 5.8+2.0 mm (2<0.001), and 6.4+1.2 mm to
2.5+2.0 mm (P<0.001), respectively, while the control group showed significant changes

in PPD, CAL, and VFD, from 8.2+1.6 mm to 5.9+2.4 mm (=0.010), 8.8+1.3 mm to 6.6+2.3
mm (P=0.008), and 5.1+1.7 mm to 2.9+1.9 mm (P=0.007), respectively. In both groups, the
clinical and radiographic improvements observed at T2 were sustained until T3 (2>0.05). No
statistically significant differences between the test and control groups were found in clinical
and radiographic outcomes after treatment for severe class II furcation defects at TO, T2, and

T3, respectively (Figure 2).

Early postoperative discomfort and wound healing outcomes

The severity of pain (test group: 4.1+2.2, control group: 3.8+1.7, P=0.694) and swelling
(test group: 4.8+1.9, control group: 4.2+1.8, P=0.433) and the duration of pain (test group:
4.61£2.6, control group: 4.7+2.7, P=0.920) and swelling (test group: 4.3+2.7, control group:
4.2+43.7, P=0.988) did not differ significantly between the 2 compared groups (Figure 3A).
In the test group, dehiscence, suppuration, abscess, and swelling occurred in 4 (23.5%),
1(5.9%), 1 (5.9%), and 3 (17.6%) patients, respectively. In the control group, dehiscence,
suppuration, abscess, and swelling occurred in 3 (16.7%), 1 (5.6%), 1 (5.6%), and 2 (11.1%)
patients, respectively. No statistically significant differences were observed in any wound
healing complications between the 2 groups (Figure 3B).

Clinical and radiographic outcomes at furcation defects

Parameters Test group Control group
(mm) Baseline (T0) 6 mo follow-up P2 12 mo follow-up PP Baseline (T0) 6 mo follow-up P? 12 mo follow-up P°
(T2) (T3) (T2) (T3)

PPD 9.3+1.9 5.2+2.2 <0.001 5.1+2.8 0.967 8.2x1.6 5.9+2.4 0.010 5.6+2.2 0.692
(9.1[7.9,9.4]) (4.6[3.5, 6.4]) (4.1[3.1, 6.8)]) (7.9[7.2,8.6]) (6.2[3.6, 7.6]) (4.7 [4.3, 5.6)])

CAL 10.0+1.5 5.8+2.0 <0.001 5.6+2.2 0.810 8.8+1.3 6.6+2.3 0.008 6.9+2.3 0.786
(9.6[9.3,10.6]) (5.3[4.5,6.2]) (4.5[4.4, 5.4]) (8.7[8.2,9.4]) (6.8[4.3,7.9]) (6.0[5.6, 6.7])

VFD 6.4+1.2 2.5+2.0 <0.001 2.3+2.0 0.788 5.1+1.7 2.9+1.9 0.007 2.7+1.8 0.713
(6.5[5.6,7.0]) (1.8[1.7, 2.2]) (1.9[0.9, 3.3)) (4.9[4.1,5.2])) (2.4[1.5,3.9)) (2.3[1.7, 3.1))

Data are expressed as mean = standard deviation (median [first and third quartiles]), and boldface denotes statistical significance (P<0.05).
PPD: probing pocket depth, CAL: clinical attachment level, VFD: vertical furcation depth.
P-values for comparisons between *TO versus T2 and T2 versus T3.

Test group --®-- Control group Test group --@®-- Control group Test group --@-- Control group
12 - 14 - 8
10+ 121 £
i a 6 [
~ o - —~ 10 b = |
E 8 T i T E - - € .. -
E 6 - X o E R FE— 4 E b ] 7
o t | a 6 } ! [a) - e {
a4} | | < { 1 w < Bl -
o 1 T O 4r T = 2L : :
2 2t 1 i
0 1 1 1 0 1 1 1 0 1 1 1
Baseline ~ 6-month  12-month Baseline ~ 6-month  12-month Baseline ~ 6-month  12-month
(T0) follow-up  follow-up (T0) follow-up  follow-up (T0) follow-up  follow-up
(T2) (T3) (T2) (T3) (T2) (T3)

Comparison of clinical and radiographic outcomes between the test and control groups after treatment for severe class Il furcation defects. (A, B)
Clinical outcomes at TO, T2, and T3, measured as PPD and CAL. (C) Radiographic outcomes at TO, T2, and T3, measured as VFD.
PPD: probing pocket depth, CAL: clinical attachment level, VFD: vertical furcation depth.
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0 W Test group ® Control group ” 6r W Test group ® Control group
) 3
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7] S 4t
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Severity Severity Duration Dehiscence  Suppuration Abscess Swelling
(VAS) (VAS) (Days)
Pain Swelling 0 9

Comparison between the test and control groups of early postoperative discomfort and wound healing outcomes. (A) Severity and duration of pain and
swelling. (B) Clinical assessment of soft tissue early wound healing outcomes during suture removal.

VAS: visual analogue scale.
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DISCUSSION

Although OFD alone can generate new attachments and bone formation in the treatment
of furcation defects, additional applications of various biomaterials are being attempted

to achieve greater clinical benefits of regenerative procedures in the treatment of severe
types of furcation defects [21]. Nevertheless, the successful treatment of furcation defects
has been considered one of the most difficult and challenging clinical problems because of
the inadequate visual field and instrument access due to the complex anatomy and varying
morphologies [22].

GTR is one of the best-documented periodontal regeneration procedures and has been
effectively and predictably used for clinical and histological improvements [23]. When
limited to mandibular class II furcation defects, a systematic review reported that GTR
further reduced the horizontal furcation depth by 1.51 mm (95% CI, 0.39-2.62) on average
compared to conventional OFD (P£<0.001), and another more recent systematic review also
confirmed that GTR provided significantly superior outcomes of 1 mm or more on average

in terms of horizontal and vertical defect reduction and bone fill compared to OFD [24,25].
However, because GTR is technically sensitive and has the potential to expose non-resorbable
and resorbable membranes, there remains a clinical burden [5,26].

Various studies have reported the clinical and radiological outcomes of the adjunctive use

of EMD for class II or class III furcation defects [27-29]. One clinical study reported that the
adjunctive use of EMD significantly enhanced the horizontal and vertical resolution of the
mandibular class II furcation defects (P<0.05) [27]. Another histological study suggested
that GTR in combination with EMD for mandibular class III furcation defects had a higher
probability of periodontal regeneration, including new attachment and new bone formation,
than OFD alone [28]. Similarly, a long-term randomized clinical trial that compared patients
with and without the adjunctive use of EMD reported that OFD with EMD significantly
reduced PPD and the number of furcation defects (7<0.05) [29]. However, a recent systematic
review and meta-analysis demonstrated that the evidence base for clinical benefits of the
adjunctive use of EMD in the treatment of class II furcation defects was still insufficient and
emphasized the need to address this issue through more large-scale studies [30].

In addition, the results of animal and human studies related to the use of bone grafts in
combination with EMD are still limited and inconsistent [31]. A histological and histometric
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study showed that the adjunctive use of EMD with bone graft did not have a statistically
significant positive effect on the results of periodontal regeneration treatment of class III
furcation defects in dogs [32]. Conversely, another clinical study conducted in mandibular
class II furcation defects reported that the adjunctive use of a bone graft with EMD resulted in
a statistically significant reduction in PPD and gain in vertical relative attachment level, and a
non-significantly greater reduction in horizontal PPD than achieved with a bone graft alone
[33]. However, since most of the pre-clinical and clinical studies related to bone grafting with
EMD were limited to intrabony defects, there is a very limited degree to which the findings of
this study can be directly compared with others in the literature.

To the best of our knowledge, this prospective study is the first to evaluate the clinical and
radiographic outcomes of severe class II furcation defects in the mandibular molar region
after periodontal regenerative treatment with DPBM-C. Although the results of this study
indicate that OFD with DPBM-C in combination with EMD can be considered useful for
resolving furcation defects, no additional clinical and radiological advantages could be

found compared with OFD with DPBM and EMD. However, despite the absence of statistical
significance, all clinical and radiographic outcomes, including PPD, CAL, and VFD, improved
in the test group compared with the control group. In addition, considering the early
postoperative discomfort and wound healing outcomes, the results of the test group were not
inferior to those of the control group, and these results indicate that DPBM-C can be applied
favorably to severe furcation defects. In the test and control groups, which showed early
postoperative inflammation (including dehiscence, suppuration, abscess formation, and
swelling), antibiotics and mouthwash were additionally prescribed, and active patient follow-
up was performed twice a week. All inflammatory furcation defects subsided adequately
within 3 weeks without critical complications and were therefore included in the clinical

and radiological analyses of this study. In addition, smoking is a major risk factor for a poor
prognosis of periodontal defects; nonetheless, smokers who smoked fewer than 10 cigarettes
per day were included in this study. However, due to the small number of light smokers
included, we could not identify a statistically significant difference in the early postoperative
discomfort and wound healing outcomes between smokers and non-smokers in the test and
control groups.

For small defects, it is difficult to trim the block bone properly or fit it into the furcation
defect. Therefore, only severe and deep furcation defects were included to evaluate the
clinical and radiographic benefits of soft block bone substitutes. In this study, some clinical
characteristics or benefits of soft block bone substitutes were observed. First, soft block
bone substitutes are more advantageous than particulate bone substitutes in terms of space
maintenance and mechanical support properties for severe furcation defects. However,
volumetric and profilometric analyses should be performed to confirm these advantages
clearly and directly. In addition, proper manipulation and easy trimming according to the
shape of the furcation defect morphology are other advantages of soft block bone substitutes.

Although this study convincingly presents fact-based evidence, it has some limitations. The
major limitation of the current study was that we did not design a negative control group
without bone grafting in combination with EMD, which could be used to directly compare
the results of periodontal regeneration treatment. Second, the follow-up period may not
have been sufficient to confirm the overall clinical and radiographic outcomes and the
efficacy of periodontal treatment interventions for severe class II furcation defects. Third,
because calibrated periodontal probes or individual acrylic resin occlusal stents were not
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used in this study, caution is needed when interpreting the measurement reproducibility.
Another limitation is that volumetric, profilometric, histological, and histomorphometric
analyses were not performed to confirm the additional clinical advantages of soft block bone
substitutes. Therefore, further long-term and well-designed randomized controlled clinical
trials to treat furcation defects are necessary to confirm these findings.

In conclusion, within the limitations of this study, periodontal regenerative treatment with
DPBM-C showed improved clinical and radiographic outcomes for severe mandibular class II
furcation defects in a 12-month follow-up period. In addition, no significant differences were
observed in any clinical, radiographic, or early postoperative discomfort and wound healing
outcomes between the DPBM-C and DPBM groups.

REFERENCES

1. Al-Shammari KF, Kazor CE, Wang HL. Molar root anatomy and management of furcation defects. J Clin
Periodontol 2001;28:730-40.
PUBMED | CROSSREF

2. Pontoriero R, Nyman S, Lindhe J, Rosenberg E, Sanavi F. Guided tissue regeneration in the treatment of
furcation defects in man. J Clin Periodontol 1987;14:618-20.
PUBMED | CROSSREF

3. Reynolds MA, Kao RT, Camargo PM, Caton JG, Clem DS, Fiorellini JP, et al. Periodontal regeneration -
intrabony defects: a consensus report from the AAP Regeneration Workshop. J Periodontol 2015;86:5105-7.
PUBMED | CROSSREF

4. Machtei EE. The effect of membrane exposure on the outcome of regenerative procedures in humans: a
meta-analysis. ] Periodontol 2001;72:512-6.

PUBMED | CROSSREF

5. LingLJ, Hung SL, Lee CF, Chen YT, Wu KM. The influence of membrane exposure on the outcomes of
guided tissue regeneration: clinical and microbiological aspects. ] Periodontal Res 2003;38:57-63.
PUBMED | CROSSREF

6. Swami RK, Kolte AP, Bodhare GH, Kolte RA. Bone replacement grafts with guided tissue regeneration
in treatment of grade II furcation defects: a systematic review and meta-analysis. Clin Oral Investig
2021;25:807-21.

PUBMED | CROSSREF

7. Richardson CR, Mellonig JT, Brunsvold MA, McDonnell HT, Cochran DL. Clinical evaluation of Bio-Oss:
a bovine-derived xenograft for the treatment of periodontal osseous defects in humans. J Clin Periodontol
1999;26:421-8.

PUBMED | CROSSREF

8. Baldini N, De Sanctis M, Ferrari M. Deproteinized bovine bone in periodontal and implant surgery. Dent
Mater 2011;27:61-70.

PUBMED | CROSSREF

9. ParkJW, Ko HJ, Jang JH, Kang H, SuhJY. Increased new bone formation with a surface magnesium-
incorporated deproteinized porcine bone substitute in rabbit calvarial defects. ] Biomed Mater Res A
2012;100:834-40.

PUBMED | CROSSREF

10. Lee]JH, YiGS, Lee JW, Kim DJ. Physicochemical characterization of porcine bone-derived grafting
material and comparison with bovine xenografts for dental applications. J Periodontal Implant Sci
2017;47:388-401.
PUBMED | CROSSREF

11. LeeJH, Kim DH, Jeong SN. Adjunctive use of enamel matrix derivatives to porcine-derived xenograft for
the treatment of one-wall intrabony defects: two-year longitudinal results of a randomized controlled
clinical trial. J Periodontol 2020;91:880-9.
PUBMED | CROSSREF

12. Kim YT, Jeong SN, Lee JH. Effectiveness of porcine-derived xenograft with enamel matrix derivative for
periodontal regenerative treatment of intrabony defects associated with a fixed dental prosthesis: a 2-year
follow-up retrospective study. ] Periodontal Implant Sci 2021;51:179-88.
PUBMED | CROSSREF

https://doi.org/10.5051/jpis.2203660183 414/416


http://www.ncbi.nlm.nih.gov/pubmed/11442732
https://doi.org/10.1034/j.1600-051x.2001.280803.x
http://www.ncbi.nlm.nih.gov/pubmed/3480298
https://doi.org/10.1111/j.1600-051X.1987.tb01526.x
http://www.ncbi.nlm.nih.gov/pubmed/25315019
https://doi.org/10.1902/jop.2015.140378
http://www.ncbi.nlm.nih.gov/pubmed/11338304
https://doi.org/10.1902/jop.2001.72.4.512
http://www.ncbi.nlm.nih.gov/pubmed/12558938
https://doi.org/10.1034/j.1600-0765.2003.01641.x
http://www.ncbi.nlm.nih.gov/pubmed/33438084
https://doi.org/10.1007/s00784-021-03776-0
http://www.ncbi.nlm.nih.gov/pubmed/10412845
https://doi.org/10.1034/j.1600-051X.1999.260702.x
http://www.ncbi.nlm.nih.gov/pubmed/21112618
https://doi.org/10.1016/j.dental.2010.10.017
http://www.ncbi.nlm.nih.gov/pubmed/22241729
https://doi.org/10.1002/jbm.a.34017
http://www.ncbi.nlm.nih.gov/pubmed/29333325
https://doi.org/10.5051/jpis.2017.47.6.388
http://www.ncbi.nlm.nih.gov/pubmed/31811645
https://doi.org/10.1002/jper.19-0432
http://www.ncbi.nlm.nih.gov/pubmed/34114381
https://doi.org/10.5051/jpis.2006360318

Flap surgery with soft block bone

JPIS A

https://jpis.org

13. LeeJH, Jeong SN. Long-term stability of adjunctive use of enamel matrix protein derivative on porcine-
derived xenograft for the treatment of one-wall intrabony defects: a 4-year extended follow-up of a
randomized controlled trial. ] Periodontol 2022;93:229-36.

PUBMED | CROSSREF

14. Tomasi C, Leyland AH, Wennstrom JL. Factors influencing the outcome of non-surgical periodontal
treatment: a multilevel approach. J Clin Periodontol 2007;34:682-90.
PUBMED | CROSSREF

15. Morris K. Revising the Declaration of Helsinki. Lancet 2013;381:1889-90.
PUBMED | CROSSREF

16. Hamp SE, Nyman S, Lindhe J. Periodontal treatment of multirooted teeth. Results after 5 years. J Clin
Periodontol 1975;2:126-35.

PUBMED | CROSSREF

17.  Tarnow D, Fletcher P. Classification of the vertical component of furcation involvement. J Periodontol
1984;55:283-4.
PUBMED | CROSSREF

18. LeeJH, Park YS, Kim YT, Kim DH, Jeong SN. Assessment of early discomfort and wound healing
outcomes after periodontal surgery with and without enamel matrix derivative: an observational
retrospective case-control study. Clin Oral Investig 2020;24:229-37.

PUBMED | CROSSREF

19. Rojas MA, Marini L, Pilloni A, Sahrmann P. Early wound healing outcomes after regenerative periodontal
surgery with enamel matrix derivatives or guided tissue regeneration: a systematic review. BMC Oral
Health 2019;19:76.

PUBMED | CROSSREF

20. Peres MF, Ribeiro ED, Casarin RC, Ruiz KG, Junior FH, Sallum EA, et al. Hydroxyapatite/f-tricalcium
phosphate and enamel matrix derivative for treatment of proximal class II furcation defects: a randomized
clinical trial. J Clin Periodontol 2013;40:252-9.

PUBMED | CROSSREF

21. Sculean A, Nikolidakis D, Nikou G, Ivanovic A, Chapple IL, Stavropoulos A. Biomaterials for promoting
periodontal regeneration in human intrabony defects: a systematic review. Periodontol 2000 2015;68:182-216.
PUBMED | CROSSREF

22. Cattabriga M, Pedrazzoli V, Wilson TG Jr. The conservative approach in the treatment of furcation lesions.
Periodontol 2000 2000;22:133-53.

PUBMED | CROSSREF

23. Needleman I, Tucker R, Giedrys-Leeper E, Worthington H. Guided tissue regeneration for periodontal
intrabony defects--a Cochrane Systematic Review. Periodontol 2000 2005;37:106-23.
PUBMED | CROSSREF

24. Jepsen S, Eberhard J, Herrera D, Needleman I. A systematic review of guided tissue regeneration for
periodontal furcation defects. What is the effect of guided tissue regeneration compared with surgical
debridement in the treatment of furcation defects? J Clin Periodontol 2002;29 Suppl 3:103-16.

PUBMED | CROSSREF

25. Avila-Ortiz G, De Buitrago JG, Reddy MS. Periodontal regeneration - furcation defects: a systematic
review from the AAP Regeneration Workshop. J Periodontol 2015;86:5108-30.
PUBMED | CROSSREF

26. Reynolds MA, Aichelmann-Reidy ME, Branch-Mays GL, Gunsolley JC. The efficacy of bone replacement
grafts in the treatment of periodontal osseous defects. A systematic review. Ann Periodontol 2003;8:227-65.
PUBMED | CROSSREF

27. Chitsazi MT, Mostofi Zadeh Farahani R, Pourabbas M, Bahaeddin N. Efficacy of open flap debridement
with and without enamel matrix derivatives in the treatment of mandibular degree II furcation
involvement. Clin Oral Investig 2007;11:385-9.

PUBMED | CROSSREF

28. Donos N, Sculean A, Glavind L, Reich E, Karring T. Wound healing of degree III furcation involvements
following guided tissue regeneration and/or Emdogain. A histologic study. J Clin Periodontol
2003;30:1061-8.

PUBMED | CROSSREF

29. Casarin RC, Ribeiro EP, Nociti FH Jr, Sallum AW, Ambrosano GM, Sallum EA, et al. Enamel matrix
derivative proteins for the treatment of proximal class II furcation involvements: a prospective 24-month
randomized clinical trial. J Clin Periodontol 2010;37:1100-9.

PUBMED | CROSSREF

30. Soares DM, de Melo JGA, Barboza CAG, Alves RV. The use of enamel matrix derivative in the treatment of

class II furcation defects: systematic review and meta-analysis. Aust Dent ] 2020;65:241-51.
PUBMED | CROSSREF
https://doi.org/10.5051/jpis.2203660183 415/416


http://www.ncbi.nlm.nih.gov/pubmed/34050681
https://doi.org/10.1002/JPER.21-0254
http://www.ncbi.nlm.nih.gov/pubmed/17635246
https://doi.org/10.1111/j.1600-051x.2007.01111.x
http://www.ncbi.nlm.nih.gov/pubmed/23734387
https://doi.org/10.1016/S0140-6736(13)60951-4
http://www.ncbi.nlm.nih.gov/pubmed/1058213
https://doi.org/10.1111/j.1600-051X.1975.tb01734.x
http://www.ncbi.nlm.nih.gov/pubmed/6588186
https://doi.org/10.1902/jop.1984.55.5.283
http://www.ncbi.nlm.nih.gov/pubmed/31079246
https://doi.org/10.1007/s00784-019-02941-w
http://www.ncbi.nlm.nih.gov/pubmed/31064353
https://doi.org/10.1186/s12903-019-0766-9
http://www.ncbi.nlm.nih.gov/pubmed/23379539
https://doi.org/10.1111/jcpe.12054
http://www.ncbi.nlm.nih.gov/pubmed/25867987
https://doi.org/10.1111/prd.12086
http://www.ncbi.nlm.nih.gov/pubmed/11276510
https://doi.org/10.1034/j.1600-0757.2000.2220109.x
http://www.ncbi.nlm.nih.gov/pubmed/15655028
https://doi.org/10.1111/j.1600-0757.2004.37101.x
http://www.ncbi.nlm.nih.gov/pubmed/12787212
https://doi.org/10.1034/j.1600-051X.29.s3.6.x
http://www.ncbi.nlm.nih.gov/pubmed/25644295
https://doi.org/10.1902/jop.2015.130677
http://www.ncbi.nlm.nih.gov/pubmed/14971256
https://doi.org/10.1902/annals.2003.8.1.227
http://www.ncbi.nlm.nih.gov/pubmed/17623113
https://doi.org/10.1007/s00784-007-0134-z
http://www.ncbi.nlm.nih.gov/pubmed/15002892
https://doi.org/10.1046/j.0303-6979.2003.00429.x
http://www.ncbi.nlm.nih.gov/pubmed/20735795
https://doi.org/10.1111/j.1600-051X.2010.01614.x
http://www.ncbi.nlm.nih.gov/pubmed/32929749
https://doi.org/10.1111/adj.12794

JPIS A

31. Miron RJ, Guillemette V, Zhang Y, Chandad F, Sculean A. Enamel matrix derivative in combination with
bone grafts: a review of the literature. Quintessence Int 2014;45:475-87.
PUBMED | CROSSREF

32. Fernandes JM, Rego RO, Spolidorio LC, Marcantonio RA, Marcantonio Junior E, Cirelli JA. Enamel matrix
proteins associated with GTR and bioactive glass in the treatment of class III furcation in dogs. Braz Oral
Res 2005;19:169-75.
PUBMED | CROSSREF

33. Jaiswal R, Deo V. Evaluation of the effectiveness of enamel matrix derivative, bone grafts, and membrane
in the treatment of mandibular class II furcation defects. Int ] Periodont Restor Dent 2013;33:e58-64.
PUBMED | CROSSREF

Flap surgery with soft block bone

https://jpis.org https://doi.org/10.5051/jpis.2203660183 416/416


http://www.ncbi.nlm.nih.gov/pubmed/24618572
https://doi.org/10.3290/j.qi.a31541
http://www.ncbi.nlm.nih.gov/pubmed/16308603
https://doi.org/10.1590/S1806-83242005000300003
http://www.ncbi.nlm.nih.gov/pubmed/23484181
https://doi.org/10.11607/prd.1428

