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Abstract Objective: The purpose of this study was to evaluate the time-lapse of periodontal

regeneration surgery of combined periodontal-endodontic lesions (PEL) after root canal therapy

(RCT) to guide the clinical treatment.

Methods: 26 patients (28 teeth) with severe combined PEL were equally divided into 4 groups

(n = 7); the control group included patients who underwent periodontal regeneration surgery with

no prior RCT and the remaining three experimental groups including patients who received peri-

odontal regeneration surgery post-RCT either immediately or after 3 and 6 months. The probing

depth, clinical attachment loss, and periodontal bone density were measured before or after 3, 6,

and 12 months post-RCT, respectively.

Results: Periodontal regeneration surgery could improve the PD (Probing Depth), CAL (Clini-

cal Attachment Loss), BD (Bone Mineral Density) values irrespective of whether the RCT was per-
t Loss;
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formed within 12 months or not. However, obviously improved PD, CAL and BD were observed

when surgery was performed post-RCT. The time lapse between RCT and periodontal regeneration

surgery had no obvious effects on the periodontal index in 3 months after the surgery. Moreover,

these periodontal indexes tend to stabilize in 3 to 6 months after the surgery with no significant dif-

ferences.

Conclusion: Although there were no obvious impacts of time lapse between RCT and periodon-

tal regeneration surgery on the severe PEL, an earlier periodontal surgery might contribute to the

healing of periodontal lesions.

� 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The periodontal-endodontic lesion is one of the most common
complications of severe periodontitis and one of the main fac-

tors leading to tooth loss (Fang et al., 2021, Gomes et al.,
2022). Periodontal tissue and dental pulp tissue are anatomi-
cally connected resulting in similar infectious microorganisms

between the periodontal pocket and dental pulp (AlJasser
et al., 2021). Previous studies reported that toxins and bacteria
present in the pulp infect periodontal tissue via the dentinal
tubule and lateral canal, thus inducing damage in periodontal

tissue (Sharma et al., 2014). Meanwhile, the periodontal tissue
lesions in deep periodontal pockets aggravate the formation of
combined PEL (Oh et al., 2009). Furthermore, reports suggest

that infections from the teeth fold, wedge-shaped defects, and
deep caries might also induce inflammation in apical tissue
(Rotstein and Simon 2004). The PEL involve pulp tissue, peri-

odontal tissue, and periapical tissue which increases the diver-
sity of clinical manifestations, and difficulties in clinical
treatment (Fang et al., 2021). The American Academy of Peri-

odontology and the European Federation of Periodontology,
in 2018 classified PEL based on symptoms, treatment, and
prognosis (Al-Fouzan 2014). For the PEL patients with peri-
odontitis, the long onset of the cycle, a complication of etiol-

ogy, and clinical manifestations increased the difficulties in
the treatment and affected the quality of life of patients
(Papapanou et al., 2018). The treatment mainly included peri-

odontal therapy and root canal therapy (RCT) followed by
regenerative surgery in the later stages of treatment. Our pre-
vious studies showed that patients with severe PEL receiving

RCT significantly promoted the effect of periodontal regener-
ation surgery(Jia Yan 2018); however, time lapse after RCT
remained elusive. Therefore, the present study investigated

the time-lapse of periodontal regeneration surgery of PEL
after RCT.

2. Materials and methods

2.1. Clinical data

This study was performed in Tianjin Stomatological Hospital,
Tianjin, China and approved by the ethics committee of Tian-
jin Stomatological Hospital, and all patients signed their

informed consent. The clinical data of patients with PEL from
January 2018 to January 2019 were retrospectively collected
from our department. The inclusion and exclusion criteria

were listed as follows:
Inclusion criteria: ①Clinically diagnosed as periodontal or
real PEL with complete clinical data; ②No obvious dental tis-
sue defect, the pulp vitality test showed the pulp was normal or

partial reduction; ③ Periodontal inflammation was stable 6–
8 weeks after basic periodontal treatment; ④ The affected
tooth with a deep periodontal pockets or furcation lesions,
and at least one site has a probing depth (PD) > 6 mm or clin-

ical attachment loss (CAL) > 4 mm; ⑤ The degree of loose-
ness of the affected tooth does not exceed II�; ⑥ X-ray films
show that the vertical resorption of the alveolar bone in at least

one site of the affected tooth exceeds 1/3 of the root length,
and the periodontal ligament were irregularly widen in the api-
cal area.

Exclusion criteria: ① The patients were suffering from sys-
temic diseases; ② The patients were pregnancy or taking con-
traceptives; ③ The patients were receiving basic periodontal
therapy within 12 months; taking antibiotics, corticosteroids,

non-steroidal anti-inflammatory drugs or bisphosphonates
within 3 months Salt drugs; ④The affected tooth has other
dental pulp diseases; ⑤ The patients were smoking over 20

cigarettes per day.
A total of 26 patients with 28 teeth (12 anterior teeth and 16

posterior teeth) were included in our study (Table S1). All the

patients were divided into 4 groups based on whether they
received RCT prior or not; the control group included patients
who underwent periodontal regeneration surgery with no prior

RCT and three experimental groups included patients who
underwent periodontal bone grafting post-RCT. The experi-
mental groups were divided into three groups based on the
timing of periodontal regeneration; The periodontal bone graft

group immediately after RCT (group RCT-0), the periodontal
bone graft group 3 months after RCT (group RCT-3), and the
periodontal bone graft group 6 months after RCT (group

RCT-6), with 7 cases in each group. There was no statistical
difference in age and gender between the groups.

2.2. Treatment methods

Periodontal regeneration surgery: The tooth was initially
anaesthetized with local infiltration anesthesia. The modified

Widman flap surgery was performed in our study. An oblique
incision was internally made to excise the epithelium of the
inner wall of the dental pocket to open the mucoperiosteal
flap. Then debrided the granulation tissue and debris in the

root surface, apical area, and bone defect area thoroughly.
The apical bone defect was implanted with Bio-oss bone pow-
der (Geistlich, Switzerland), and covered it using Bio-gide

membrane (Geistlich, Switzerland), with a 3 mm thickness

http://creativecommons.org/licenses/by-nc-nd/4.0/
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beyond the edge of the bone defect. The gingival flap was coro-
nally restored, and the wound was tightly sutured without ten-
sion. Finally, the periodontal plug was placed to protect the

wound. Cephalosporin and metronidazole were used to pre-
vent infections after the surgery followed by removal of sutures
after 2 weeks post-surgery. The experimental groups were also

undergoing conventional root canal preparation and hot
gutta-percha filling. The periodontal regenerative surgery and
RCT were performed by the same periodontist and dentist,

respectively.

2.3. Efficacy evaluation

The periodontal clinical indicators such as PD and CAL were
examined by Williams periodontal probe. PD and CAL were
used to examine the buccal and lingual mesial, central and dis-
tal sites. Bone density measurement: Import the X-ray film into

photoshop software to measure the bone density around the
root of the tooth (gray value of the bone defect area). Briefly,
selected an experimental observation area (region of interest,

ROI) of the same area in the postoperative X-ray film, and
recorded the gray value. The bone density was represented
by gray value.
Fig. 1 The periodontal clinical indicators in the patients. Compariso

regeneration (12-month observation period after RCT); * p < 0.05, *

BD: Bone Mineral Density.
2.4. Statistical analysis

Statistical analysis of all data was performed using SPSS 17.0.
One-way ANOVA was used for the evaluation of clinical indi-
cators such as PD, CAL and bone mineral density, within and

between groups, and the statistical results were expressed in the
form of mean ± standard deviation, P < 0.05, indicating that
the difference was statistically significant.

3. Results

We observed that periodontal surgery significantly reduced the
PD (Fig. 1A), CAL (Fig. 1B), and BD (Fig. 1C) values irre-

spective of whether RCT was performed within the 12-
month observation period. Moreover, when periodontal sur-
gery was performed post-RCT, the PD, CAL, and BD values

were significantly decreased with greater effect (P < 0.05)
and suggested that the RCT treatment could improve the effect
of periodontal surgery. However, no significant differences in

PD, CAL, and BD values were observed in the experimental
groups 3 months after RCT. The groups RCT-0 and RCT-3
were found to be stable with no significant changes between

3 and 6 months after RCT. Furthermore, we noted that the
n of PD (A), CAL (B) and BD (C) before and after periodontal

* p < 0.01. PD: Probing Depth, CAL: Clinical Attachment Loss,



Fig. 2 Representative X-ray pictures before or after RCT in 6 and 12 months (A-C) The control group: This 45-year-old male presented

with a vertical bone resorption in teeth #11 (FDI) in the preoperative periapical radiograph. The patient was performed regeneration

surgery directly without the RCT treatment. (D-F) The RCT-0 group: This 53-year-old male presented with a vertical bone resorption in

teeth #35 (FDI) in the preoperative periapical radiograph. (G-I) The RCT-3 group: This 49-year-old male presented with a vertical bone

resorption in teeth #26 (FDI) in the preoperative periapical radiograph. (J-L) The RCT-6 group: This 51-year-old male presented with a

vertical bone resorption in teeth #36 (FDI) in the preoperative periapical radiograph.
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PD values in group RCT-6 decreased during the first 3 months
and then increased in the next 3 months, thus indicating that a

prolonged duration of RCT might impair the effects of peri-
odontal treatment with no significant differences (Fig. 1). Fur-
thermore, no significant changes were observed in the CAL
values in 3 and 6 months after RCT in each group. The peri-

apical radiograph also showed obvious new bone regeneration
in RCT-0, RCT-3 and RCT-12 groups while became stable
after the surgery (Fig. 2).

4. Discussion

Periodontal tissue, pulp tissue, and periapical tissue are

anatomically connected (Sun et al., 2021). Therefore, infec-
tious microbes in the periodontal lesions and pulp can interact
and spread to each other, accelerating the disease progression

and eventually leading to the occurrence of combined lesions
(Cho et al., 2017). At present, the treatment of PEL disease
mainly includes periodontal therapy and RCT (Vakalis et al.,

2005). Perfect root canal treatment could completely remove
the infections in the root canal and effectively seal the root
canal so that the residual infected microorganisms in the root
canal could be prevented from re-infecting the tooth through
the apical foramen (Xiong et al., 2022). This blocks the influ-
ence of infection and creates a stable environment for periapi-

cal and periodontal tissue regeneration (Pourhajibagher et al.,
2016). However, root canal therapy alone could not completely
remove periodontal lesions, and the prognosis of combined
PELs depends largely on the effect of periodontal therapy. A

previous study reported that for the severe periodontal origin
and coexisting PEL, periodontal inflammation could be not
ideally controlled after the basic pulp and periodontal treat-

ment, and periodontal surgery was still required (Sunitha
et al., 2008). Surgery treatment could significantly reduce prob-
ing depth and attachment loss; increase bone density and bone

mass; obtain a good and stable clinical effect, indicating that
periodontal regeneration surgery was beneficial to periodontal
restoration in combined lesions.

The present study found that PD and CAL were signifi-
cantly lower in patients with severe PEL than those before sur-
gery, and bone mineral density was also significantly higher.
No significant difference in PD and CAL values were found

in 1 year after the surgery. This indicated that RCT combined
with periodontal regenerative surgery could significantly inhi-
bit the development of combined PEL and promoted the for-

mation of new bone and attachments. Lima et al. reported
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that RCT after periodontal regenerative surgery hindered the
formation of cementum, periodontal attachment, and alveolar
bone(Lima et al., 1997). Proper removal of the tissue in the

infected root canal and strict root canal filling could prevent
the microorganisms in the infected root canal from re-
infecting the periodontal tissue. Therefore, RCT should be per-

formed as soon as possible before periodontal regeneration to
maintain the effect of periodontal regeneration in a long-term
and stable manner. However, at present, research on the tim-

ing of periodontal regeneration after RCT is relatively rare.
The experimental group of this study analyzed the timing of
periodontal regeneration after RCT. The PD and CAL values
were significantly decreased, whereas the alveolar bone mineral

density was significantly increased. The periodontal regenera-
tion surgery could significantly improve the above indicators
and attenuate the progress of periodontal inflammation, thus,

finally promoting the regeneration and repair of periodontal
tissue. Few studies suggest that RCT should be performed first
for affected teeth with severe PEL, and periodontal surgery

should be performed at least 3 months after RCT to give suf-
ficient pulp to the teeth. This provided enough time for pulp
restoration and avoided the cementum destruction caused by

periodontal scaling that entered the root canal and its impact
on periodontal healing (Lima et al., 1997). However, a previ-
ous study reported that periodontal surgery performed imme-
diately after RCT could hinder the formation of new bone,

cementum, and attachments. Besides, Danesh et al. reported
that root canal therapy combined with periodontal regenera-
tion surgery to treat PEL could achieve ideal treatment effects

(Abbott 1998, Oh et al., 2009, Danesh et al., 2011, Miao et al.,
2015). Although this study found that there was no significant
difference in the periodontal clinical indicators (PD, CAL,

BD) immediately after RCT in 3 or 6 months after periodontal
regenerative surgery. The long-term effects (6 months) were
found to be stabilized. However, it was assumed that early

periodontal surgery was suggested to obtain periodontal tissue
regeneration as soon as possible. The limitations of the present
study were the use of a smaller number of cases and limited
observation time. The clinical effect of the treatment still needs

to expand to clinical samples, and long-term follow-up to eval-
uate the long-term effect which will provide a basis for the
diagnosis and treatment of severe PEL and preserve diseased

teeth to a greater extent.

5. Conclusion

Although there were no obvious impacts of time lapse between
RCT and periodontal regeneration surgery on the severe PEL,
an earlier periodontal surgery might contribute to the healing

of periodontal lesions.
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