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Abstract: Wound healing following periapical surgery is influenced by age, gender, smoking, pe-
riapical lesion size, type of root-end filling, method of root-end cavity preparation and the use of
microsurgical or conventional technique. This study aimed to evaluate the influence of various
preoperative factors such as age, gender, smoking, preoperative pain, and preoperative periapical
lesion size on the outcome of surgical endodontic treatment. A thorough history, examination, and
investigation were performed to establish patient age, gender, smoking status, periapical lesion
size, and the presence of preoperative pain. Forty patients aged between 15–57 years presented
with persistent chronic apical periodontitis of single-rooted anterior teeth after conventional re-root
canal treatment were enrolled for periapical surgery. Following periapical surgery, all patients were
recalled for evaluation of periapical healing after 12 months based on clinical and periapical X-ray
examination due to inaccessibility of an advanced imaging system (CBCT). Chi-squared and Fisher’s
exact test were applied, which revealed a statistically significant association of periapical healing with
age (p = 0.025), smoking (p = 0.029), and lesion size (p < 0.001). Although, the success of periapical
healing was higher in males 78.6% (22/28) compared to females 58.3% (7/12) however, no statistically
significant relationship was found between gender and healing (p = 0.254). Patient age, smoking
status, and size of the preoperative lesion had a strong influence on periapical healing after surgical
endodontic treatment.

Keywords: periapical surgery; surgical endodontic treatment; preoperative factors; prospective study

1. Introduction

The treatment of choice for symptomatic, persistent or enlarging periapical lesion after
conventional re-root canal treatment is surgical endodontic treatment, which is aimed at
resecting the root end and then creating a barrier at the apical end of the root with an inert
material [1–3]. The goal of this treatment protocol is to salvage the tooth and prevent it
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from further damage by limiting the entry of microbes and their byproducts into the canal
system, thus promoting the health of the tooth.

The success of surgical endodontic treatment mainly relies on the absence of clinical
signs and symptoms and radiographic resolution of periapical lesions. Studies have shown
that multiple factors may influence the outcome of periapical surgery such as age, gender,
smoking, type of root-end filling material, size of the preoperative periapical lesion, and
the presence of pretreatment signs and symptoms [3,4].

Smoking is considered one of the risk factors that can impede periapical healing.
Smoking disturbs healing by limiting the supply of oxygenated blood and nutrients to
the periapical area [5]. This in turn makes periapical tissue more susceptible to bacterial
infection [6]. Additionally, it alters the synthesis of collagen, expedites bone loss, and
interferes in the tissue repair process around the periapical area [7,8]. Furthermore, smokers
have restricted defense mechanisms due to the deficiency of several immunological factors
such as Tumor necrosis factor alpha (TNF-α) and Human beta defensin-2 (hBD-2) [9].

There have been numerous studies investigating the size of preoperative periapical
lesions with periapical wound healing. It was observed that fibroblasts proliferate into
a large bony defect after periapical surgery and form scar tissues instead of allowing
osteoblasts for osseous regeneration [10], which in turn disrupts healing. However, the
involvement of several molecular and cellular factors makes it more intricate [11]. Few
studies have reported a better healing outcome with smaller lesions [3,12,13] while others
find no statistically significant difference in outcome in relation to the size of periapical
lesions [14,15].

The presence of preoperative signs and symptoms indicates the acute stage of periapi-
cal lesion. Acute lesions usually present with pain and swelling while chronic lesions are
usually asymptomatic with or without the presence of sinus tract. A consensus has been
observed that the presence of preoperative clinical signs and symptoms do not significantly
influence postoperative healing [16,17] however, vice versa has also been reported in some
studies [3,18].

In light of conflicting evidence and lack of prospective studies regarding the factors
that determine the successful outcome, the current study was designed to evaluate the
various preoperative factors affecting the outcome of surgical endodontic treatment.

2. Materials and Methods
2.1. Study Setting and Ethical Approval

This study was conducted at the Department of Operative Dentistry in collaboration
with the Institute of Biomedical Sciences, Dow University of Health Sciences, Karachi from
July 2017 to December 2018 after obtaining ethical approval (IRB-862/DUHS/Approval/2017/50)
from Institutional Review Board, Dow University of Health Sciences. All the recommenda-
tions of the Helsinki Declaration and its later amendments were strictly followed.

2.2. Inclusion and Exclusion Criteria

Initially, 52 patients aged between 15–57 years who presented with chronic apical
periodontitis of single-rooted anterior teeth, characterized radiographically as radiolucency
greater than 4 mm around the root apex with loss of lamina dura and periodontal ligament
space due to incompletely attempted or previously failed root canal treatment or periapical
lesion around an open root apex in the tooth, where root formation was halted prematurely
due to trauma, were enrolled in this study. Medically compromised patients with any
uncontrolled systemic disease (ASA III), patients with pre-existing periodontal disease or
patients in whom the lesion was smaller than 4 mm, multirooted teeth, teeth with cracks
and root fractures, pregnant or lactating women and patients who did not turn up for
follow-up visits were excluded from this study.
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2.3. Clinical Procedure

History, examination, and investigation were performed to ascertain the presence of
certain preoperative factors. Preoperative digital radiographs using the parallel technique
were taken with a cone indicator and reference marker placed on the radiographic sensor
Written informed consent was obtained from the patients.

Conventional re-root canal treatment: Local anesthesia 1:80,000 lidocaine with
epinephrine was administered and a rubber dam was used for isolation. Access to the
root was gained by removing the coronal restoration, followed by application of GP
solvent (Carvene, PREVESTDenPro Prevest Denpro Limited, Jammu, India) and 25 or
30 # H file (Mani, Utsunomiya, Tochigi, Japan) for the removal of radicular filling. Work-
ing length was established by 35 or 40 # K file (Mani, Tochigi, Japan). Canal cleaning
and shaping was performed by modified crown-down technique along with copious
irrigation by 3.0% sodium hypochlorite (CanalPro NaOCl, Coltène/Whaledent, Altstät-
ten, St. Gallen, Altstätten, Switzerland). Calcium hydroxide (Metapaste, Meta Biomed,
Cheongju-si, Chungcheongbuk-do, Korea) was used as an intracanal medicament in be-
tween appointments. Finally, obturation was performed by cold lateral condensation
technique followed by composite coronal restoration.

All patients were recalled after 3 to 6 months for clinical and radiographic evaluation
of the periapical healing after conventional re-root canal treatment. Periapical healing was
observed in seven patients and five patients failed to appear on follow-up visit, therefore
12 patients were excluded from the study. Finally, 40 patients underwent periapical surgery
due to nonhealing periapical lesions (Figure 1).

Periapical Surgery: To begin with, local anesthesia 1:80,000 lidocaine with epinephrine
was administered and a full thickness mucoperiosteal flap was elevated. After identifying
the lesion site, access to the lesion was achieved by performing window preparation in
cortical bone with small round bur No. 2 (Mani, Tochigi, Japan) in a slow-speed handpiece
(Figure 2). The periapical lesion was identified and surgically removed by a surgical curette
(Hibro Int, Tokyo, Japan). Zirconia-coated ultrasonic tip (Pro ultra, Maillefer DENTSPLY,
Ballaigues, Switzerland) was used for apicoectomy and retrograde cavity preparation
(Figure 3). The 3 mm apical fragment of the root was resected perpendicular to the long
axis of the root with minimum or no bevel. Finally, MTA (Pro-root MTA, DENTSPLY
Tulsa Dental Specialties, Johnson city, TX, USA) was used for retrograde filling (Figure 4).
The flap was then repositioned and sutured with a 3/0 silk suture (ETHICON, Johnson
& Johnsons, New Brunswick, NJ, USA). A periapical radiograph was taken after surgery.
Analgesics and antibiotics were prescribed. These patients were recalled after 12 months
for a follow-up visit. Both clinical and radiographic examination was performed at each
follow-up visit (Figure 5). The parameters studied for clinical examination were pain,
swelling, sinus tract, tenderness to palpation, tenderness to percussion, mobility, and
discoloration. Radiographic healing was assessed using Periapical Index (PAI). The radio-
graphic interpretation was carried out by two blinded endodontists. The interexaminer
reliability in evaluating the postoperative radiographs was calculated and presented.
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2.4. Statistical Analysis

The data were analyzed using a statistical package for social sciences (SPSS Version
25.0. Armonk, NY, USA). The results are presented as frequencies and percentages for age,
gender, smoking, preoperative pain, size of the periapical lesion, and healing. Statistical
associations were performed between periapical healing with age, gender, smoking, preop-
erative pain, size of the periapical lesion using chi-squared and Fisher’s exact test as per
data assumptions. A p-value of 0.05 or less was considered statistically significant.

3. Results

Out of 40 patients, 32 (80%) patients were below 30 years of age while only 8 (20%)
patients were above the age of 30 years. The gender distribution showed that 88 (58.7%)
of the patients were male and 62 (41.3%) were female. Most of the patients, 26 (65.0%),
were nonsmokers. The size of the preoperative periapical lesion was arbitrarily categorized
into 6 mm or less and more than 6 mm for this study. The results showed that half of the
patients had a periapical lesion size of 6 mm or less, while another half had more than 6
mm. Preoperative pain was present in 22 patients (55.01%) (Table 1).

Table 1. Descriptive Statistics for Demographics.

Characteristics N = 40 (%)

Age
<30 years 32 (80.0)
>30 years 08 (20.0)
Gender

Male 28 (70.0)
Female 12 (30.0)

Smoking
Nonsmoker 26 (65.0)

Smoker 14 (35.0)
Preoperative pain 22 (55.0)

Periapical lesion size
≤6 mm 20 (50.0)
>6 mm 20 (50.0)

Postoperative healing 29 (72.5)
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There was a statistically significant association between periapical healing and age
(p-value = 0.025), smoking (p-value = 0.029) and the size of periapical lesion (p-value < 0.001).
After periapical surgery, healing was observed in 29 patients, in which 26 (81.3%) patients
were below the age of 30 years while only 3 (37.5%) patients were above 30 years of age on
one year follow-up. Similarly, 22 nonsmoking patients (84.6%) revealed periapical healing
compared to 7 (50%) smoking patients. Although the success of healing was higher in
males, at 78.6% (22/28), compared to females, at 58.3% (7/12), no statistically significant
relationship was found between gender and healing (p-value = 0.254). Likewise, no sig-
nificant association between the presence of preoperative pain and postoperative healing
(p-value = 0.723) was observed (Table 2).

Table 2. Relationship of Periapical Healing with Age, Gender, Smoking, Preoperative pain, and
Periapical lesion size on one year follow-up.

Characteristics
Periapical Healing

Yes
(n = 29)

No
(n = 11) Total p-Value

Age in years
0.025 ˆ<30 26 (81.3%) 6 (18.8%) 32

>30 3 (37.5%) 5 (62.5%) 8
Gender

Male 22 (78.6%) 6 (21.4%) 28
0.254 ˆ

Female 7 (58.3%) 5 (41.7%) 12
Smoking

Nonsmoker 22 (84.6%) 4 (15.4%) 26
0.029 ˆ

Smoker 7 (50.0%) 7 (50.0%) 14
Preoperative

pain
Yes 15 (68.2%) 7 (31.8%) 22

0.723 ˆ
No 14 (77.8%) 4 (22.2%) 18

Periapical
lesion size
≤6 mm 20 (100%) 0 (0.0%) 20

<0.001 ¥
>6 mm 09 (45.0%) 11 (55.0%) 20

¥ Chi-squared test, ˆ Fisher’s Exact Test.

4. Discussion

The current study was conducted to evaluate the effect of various preoperative factors
such as age, gender, smoking, preoperative pain, and preoperative periapical lesion size
on the outcome of surgical endodontic treatment. The results of the study showed a
statistically significant relationship between periapical wound healing and age, smoking,
and preoperative lesion size.

Surgical endodontic retreatment is employed in managing recurrent secondary pe-
riapical lesions as a consequence of primary root canal treatment failure [19]. Surgical
endodontic retreatment involves re-root canal treatment with subsequent sectioning of the
apical end of the root followed by retrograde obturation and establishment of the apical
seal of the root canal system. This apical seal facilitates healing of the periapical tissues by
preventing the ingress of microbial irritants into the periapical area and concomitant tissue
reaction [3].

It has now become clinically evident that even if the surgical endodontic treatment
has been conducted using the same procedure, patients respond differently with respect to
periapical wound healing [3,4]. This difference in periapical wound healing may be due to
the presence of various preoperative factors such as pain, swelling, sinus tract, smoking,
and size of the periapical lesion. However, evidence to support the influence of these
preoperative factors on the outcome of periapical surgery are conflicting. In addition, most
of the clinical studies that exist in the literature are retrospective [8,20,21]. The novelty
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of this study lies in following patients prospectively and opening an avenue for further
research in this direction.

Age is considered a prognostic indicator of outcome for many surgical procedures [4].
In this study, 81.3% healing was achieved in patients below 30 years of age. This finding is
in agreement with Kriesler et al. [22] They found a 95% success in patients between 21 to
40 years of age. Contrarily, Barone et al. [23] reported 84% success in periapical healing in
patients above 45 years of age, compared to 68% in patients below 45 years of age. This
study observed no significant relationship between healing and gender. Similarly, a large
number of studies did not find gender as a prognostic factor for periapical surgery [18,24,25].
However, Peñarrocha-Diago et al. reported a higher success in males (60%) compared to
females (40%) at 6 months [26].

The habit of smoking can influence the outcome of periapical surgery by several plau-
sible biological mechanisms. First, smoking interferes with the function of lymphocytes,
leukocytes, macrophages and increases the level of various proinflammatory mediators,
such as TNF- α, IL-6, and C-reactive protein [27,28]. Second, smoking decreases the fibrob-
last migration to the periapical wound area and stimulates the function of osteoclastic cells,
which encourage bone resorption [29]. Third, smoking causes morphological alteration
in the microvasculature, which in turn disturbs the oxygen and nutrient supply to the
periapical wound area [30]. In the current study, a positive trend of healing was observed
in nonsmokers (84.6%). This finding conforms to Lopez et al. [8] and Kirkevang et al. [31],
who found a statistically significant association between smoking and periapical heal-
ing. On the other hand, Rodriguez et al. [32] and Balto et al. [33] reported no significant
difference in periapical periodontitis between smokers and nonsmokers.

The presence of preoperative pain and swelling or sinus tract may also govern the
outcome of periapical surgery as indicated by many studies. Von Arc et al. [20] revealed that
the presence of preoperative signs and symptoms discourages healing. They postulated
that the healing potential of surgical wounds could be significantly affected by the stage
of infection at the time of surgery, which is influenced by preoperative pain and signs.
Similarly, Kreisler et al. [22] also claimed a lower success rate in patients with pretreatment
pain. Contrastingly, the present study did not find any difference in the healing success rate
in relation to the presence of preoperative pain, similarly to Song et al. [34] and Peñarrocha
et al. [35]. The reason for there being no relation between the presence of preoperative
pain and periapical healing after surgical endodontic treatment may be due to the fact that
same treatment protocol was used for every patient and all treatment procedures were
performed by the principal investigator.

Another important prognostic factor in periapical healing is the size of the lesion. In
the present study, 100% successful healing was observed in patients with preoperative
lesions of less than 6 mm, while 45% healing success was evident in patients with more
than 6 mm of preoperative lesion size. A large number of studies have described the
favorable prognosis after periapical surgery in patients with preoperative lesions of less
than 5 mm in diameter [20,26,34]. Alternatively, Barone et al. [23] found an 80% success
rate in periapical lesions of less than 10 mm in size at the time of surgery, compared to 53%
success in periapical lesions of more than 10 mm in size.

Multiple systemic diseases are known to interfere with periapical healing, such as
diabetes, hypertension, osteoporosis, or any uncontrolled systemic disease. Hyperglycemia
increases the level of inflammatory markers and influences the various functions of the
patient immune system [36]. Similarly, hypertension is associated with alterations in
response and differentiation of bone cells at various levels [21]. Moreover, the drug
bisphosphonate is commonly used for the treatment and prevention of osteoporosis and
it is well-established that it reduces bone remodeling [37], therefore patients with these
systemic diseases were excluded from this study, in addition to the patients with a pre-
existing medical condition such as pregnancy and lactating mothers. Further prospective
studies are required to evaluate postoperative healing in relation to the presence of different
chronic systemic diseases using microsurgical techniques.
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The findings of the study must be seen in light of some limitations. First, periapical
surgery was performed by the conventional approach rather than microsurgical. The mi-
crosurgical approach offers numerous benefits such as small osteotomy, easy identification
of root apices, visualization of minor anatomical variations, and preservation of cortical
bone and root length by nearly 90-degree root resection. Several studies have shown the
superiority of microsurgical endodontic treatment in comparison to traditional root-end
surgery [38,39]. Second, the healing was assessed on a digital periapical radiograph, using
a cone indicator and reference marker to ensure constant distance and angle between X-ray
cone and sensor on every shoot. Moreover, exposure time, tube current, and voltage were
the same on recall images. However, the X-ray image obtained was still two-dimensional,
with a high probability of missing details in the third dimension. Nowadays, cone beam
computed tomography (CBCT) is considered a standard of care [40] and has great value
in establishing the correct diagnosis and in evaluating periapical healing after surgical
endodontic treatment. Third, periapical surgery was performed on single-rooted anterior
teeth only, multirooted posterior teeth where surgical access to treatment is difficult and
high chances of variation in root morphology were excluded. Lastly, the sample size of
the study was small due to the constrained study time, therefore; the results should be
interpreted cautiously and may not represent the large population.

There is also a dire need to design a questionnaire which can evaluate the health-
related quality of patients’ life after endodontic surgery, similar to The University of Wash-
ington Quality of Life Questionnaire (UW-QOL) for head-and-neck cancer patients [41].
Future studies are also desirable with the inclusion of a large sample size, multirooted
teeth and various other treatment-related factors such as microsurgical technique, type of
root-end filling, method of root-end resection and retrograde cavity preparation. Addition
of tools such as fractal analysis used for the quantitative evaluation of bone trabeculation
following periapical surgery will also help in the early detection of complex structural
patterns in the trabecular bone [42].

5. Conclusions

Patient age, smoking status, and size of the preoperative lesion had a strong influence
on periapical healing after surgical endodontic treatment. However, other periopera-
tive (treatment-related) factors should also be taken into account to establish conclusive
evidence.
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