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A B S T R A C T   

Objective: The aim of this study was to assess the effect of flap design for impacted mandibular 
third molar extraction on the distal periodontal tissue of their neighbors clinically, immunolog-
ically, and microbiologically. 
Study design: This randomized controlled study comprised 100 patients who were allocated 
randomly to receive either a triangular flap or a modified triangular flap. The distal periodontal 
pocket depth, plaque index, bleeding on probing, the presence of Actinobacillus actino-
mycetemcomitans, Porphyromonas gingivalis and Prevotella intermedia, and the level of interleukin- 
1β, interleukin-8 and matrix metalloproteinase-8 of adjacent second molars were measured at 
baseline, and 1, 4 and 8 weeks after surgery. 
Results: After 1 and 4 weeks, distal periodontal conditions of adjacent second molars deteriorated, 
along with an increase in subgingival microbiota and inflammatory factors in both groups. And 
compared to the modified triangular flap group, the triangular flap group significantly increased 
(p < 0.05). Prevotella intermedia, interleukin-1β and probing depth were positively correlated in 
both groups. After 8 weeks, they returned to the preoperative level. 
Conclusions: In this study, both flap designs for impacted mandibular third molar extractions was 
associated with worse clinical periodontal indices, increased inflammatory biomarkers of gingival 
crevicular fluid, and more subgingival pathogenic microbiota within 4 weeks. But compared with 
the triangular flap, the modified triangular flap was better for distal periodontal health of adja-
cent second molars, which provides certain directions for clinical treatment.   
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1. Introduction 

Impacted mandibular third molars (IMTM) are the most commonly impacted teeth in the adult oral cavity, with an incidence rate of 
66%–77% [1]. In order to prevent a number of problems caused by impacted teeth, early prophylactic extraction of IMTM is mostly 
recommended. In recent years, the effect of prophylactic IMTM extraction on the periodontal tissue surrounding the adjacent second 
molars (ASMs) has become a controversial clinical issue [2]. However, based on the existing clinical literature and on practical ob-
servations, there are conflicting results as to whether IMTM extraction impact the ASMs periodontal health. A study by Petsos et al. 
showed that prophylactic early MITMs extraction significantly reduced distal attachment loss and probing depth (PD) in ASMs [3]. 
Pham et al. also drew a similar conclusion that the probing depth, attachment loss, and alveolar bone height of ASMs were dramatically 
ameliorated after IMTM extraction [4]. In contrast, others have reported periodontal destruction after prophylactic IMTM extraction. A 
significant increase in the distal PD of adjacent second molars was found by Aniko-Włodarczyk et al. [5] Consistent with this, 
Kugelberg et al. observed the incidence of similar damage two years after IMTM extraction, amounting to 43.3% in PD ≥ 7 mm, and 
32.1% in bone loss≥4 mm [6]. 

It is currently believed that periodontal disease results from the interaction between oral microbiota and the host [7]. The pro-
gression from health to periodontal disease is not caused by specific exogenous pathogens, but is more likely due to a homeostatic 
disruption of the preexisting oral microbiota [8]. The use of a flap design for third molar extraction may destroy the gingival 
epithelium and epithelial attachment, and thereby affect the homeostasis of the subgingival microbiota, leading to the development of 
chronic periodontal inflammation [9]. Microorganisms closely related to periodontal disease include Actinobacillus actino-
mycetemcomitans (Aa), Porphyromonas gingivalis (Pg) and Prevotella intermedia (Pi) [10]. These periodontal pathogens colonize and 
multiply in the sulcus and produce toxic substances such as endotoxins and proteases that directly damage the periodontal tissue [11]. 
This triggers a series of host immune responses in which inflammatory mediators such as interleukin-1β (IL-1β), interleukin-8 (IL-8) 
and matrix metalloproteinase-8 (MMP-8) are produced, and this indirectly promotes periodontal connective tissue destruction and 
alveolar bone resorption [12]. However, it has not been reported in previous studies that the effect of IMTM extraction flap design on 
subgingival microbial and host immune responses in ASMs. 

During IMTM extraction, the traditional standard triangular flap is cut from the distal second molar along the gingival sulcus to the 
median buccal site [13]. In this method, the incision of the gingival fibers and junctional epithelium may contribute to the formation of 
an adjacent periodontal pocket, resulting in increased expression of subgingival microbiota and inflammatory factors. In this study, the 
standard triangular flap was modified by moving the incision on the buccal and distal site of the second molar 1–2 mm apically from 
the gingival margin, thus, leaving the gingival sulcus intact. After the extraction, clinical periodontal indices, the presence of the 
subgingival microbiota Aa, Pg, Pi and expression of the inflammatory factors IL-1β, IL-8, and MMP-8 in gingival crevicular fluid were 
used to evaluate the effect of using triangular flaps and modified triangular flaps on the distal periodontal tissue of ASMs. The results of 
this study enhance our the understanding on how the mechanism of periodontal tissue destruction is related to incision design. 

2. Materials and methods 

2.1. Ethics and trial registration 

This study was conducted in accordance with the Declaration of Helsinki and has been approved by the Ethics Committee of the 
Stomatological Hospital of Shanxi Medical University (No: 2021SLL022). This study protocol was registered in the China Clinical Trials 
Registry (NO. ChiCTR2200057020). All patients provided written informed consent before making a decision to participate. 

2.2. Study design 

To detect the effect of flap design on the distal periodontal tissue of adjacent second molars after IMTM extraction, with PD as the 
primary outcome, which was in agreement with the study of Menziletoglu et al. [14] with a two-sided 5% significance level and a 
power of 80%, a sample size of at least 35 patients per group was required. In pre-experiments and references to similar articles [15], it 
was found that about 20% of the patients were lost to follow-up. Considering the 20% dropout rate, at least 42 patients per group was 
required for this study. So from March 2022 to May 2022, 100 patients were continuously recruited and randomly assigned to 
receiving either triangular flap (n = 50) or modified triangular flap (n = 50) by IMTM extraction for a randomized controlled study. 
Subjects were divided into groups for treatment using Internet based (IWR) randomization, who have to meet the following inclusion 
criteria: ① Good general condition; The third molar did not erupt completely. ② The mandibular dentition is complete; Second molar 
without decay, loosing, attachment loss and PD < 3 mm [16]; ③ CBCT showed that IMTM were classified as meso-impacted by Winter, 
with median position and class II [17]. The distance between the IMTM’s crown and the second molar distal was 1~2 mm, which 
alveolar bone was no obvious absorption. ④ All the patients were 20–25 years old, without abnormal enlargement of the root of the 
tooth neck, and difficulty in extraction was Class I [18]. 

Exclusion criteria: ① with contraindications to tooth extraction; ② people with high fear of teeth extraction or mental diseases; 
③postoperative wound dehiscence and infection; ④ pregnant and lactating women; ⑤ Tobacco and alcohol addicts; ⑥ inability to 
follow doctor’s orders, imperfect follow-up procedures. ⑦ surgery time for ≤10 min or ≥30 min ⑧ mesial and buccal bone from the 
third molar was removed. Inform all patients of the treatment plan, cost, postoperative complications and research process, and sign 
informed consent before participation. Each subject did not know which flap design to use, the surgeon and examiner knew. 
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2.3. Methods 

2.3.1. Methods of anesthesia 
Only one IMTM was extracted for each patients. All patients were performed by the same experienced physician (Dr. X. W). Routine 

mucosal disinfection with 0.5% iodophor was followed by 2 mm 2% lidocaine hydrochloride for block anesthesia of inferior alveolar, 
buccal and lingual nerve, then local infiltration anesthesia with 1 mL of articaine hydrochloride containing 1:100,000 epinephrine. 

2.3.2. Flap type and incision design 
(1) Triangular flap: use a 15# sharp knife to make a distal incision started from the external oblique ridge and extended proximally 

to the middle of the distal surface of the second molar, Further, a sulcular incision made from the distal surface to the near middle- 
buccal line angle of the second molar. And then a relieving incision made in the mesial region, not exceeding the vestibular sulcus 
(Fig. 2a); (2) Modified triangular flap: use a 15# sharp knife to make a distal incision started from the external oblique ridge and 
extended proximally to the middle of the distal surface of the second molar, and then a vertical incision continued from the distal 
surface of the second molar downwards, then turn buccally and cut forward along the mucogingival junction line. (Fig. 2b). 

2.3.3. Surgical methods 
After collecting the subgingival pathogenic microbiotas and gingival crevicular fluid in the two groups before surgery. Then, a full- 

thickness mucoperiosteal flap was created, distal mild osteotomy (1/3 of dental crown height) [19] and/or tooth sectioning were 
performed by using a high-speed elevation turbine handpiece combined with a minimally invasive extraction to remove the resistance. 
Last, tension-free interrupted 4–0 non-absorbable silk suturing (Ethicon, Johnson & Johnson, USA) [20]. Instruct the patient about 
routine precautions after surgery. All patients did not take any antibiotics after surgery, with only oral hygiene instruction. If 
necessary, postoperative analgesics (Loxoprofen Sodium Capsules, 60 mg; QIDU Pharmaceutical Co., Ltd., Shandong, China) was 
prescribed 3 times/day for 3 days [21]. 

2.4. Variables and data collection methods 

Subgingival plaque, gingival crevicular fluid and clinical indices were collected before surgery, 1 week, 4 weeks and 8 weeks after 
surgery. 

2.4.1. Subgingival plaque collection and Pi, Aa, g detection 
Remove the supragingival plaque with a sterile curette, sterile lap wet insulation, dry the tooth surface with an air gun, and the 

subgingival plaque in the distal surface of the adjacent second molar was scraped with a Gracey scaler, placed in a sterile Eppendorf 
(EP) tube, Stored at - 80 ◦C [22]. After all samples were collected, they were sent to Novogene company for 16 S rRNA high-throughput 
sequencing. The V3–V4 regions of the 16 S rRNA gene were sequenced:515 F: 5′-GAGTGCCAGCMG CCGCGGTAA-3′ and 806 R: 
5′-ACGGACTACHVGGGTWTCTAT-3′. After sequencing, the relative abundance of the Pi, Aa and Pg was analyzed at the species level. 

2.4.2. Gingival crevicular fluid collection and IL-8, MMP-8, IL-1β detection 
Remove the supragingival plaque with a sterile curette, sterile lap wet insulation. Two 3 mmx8mm moisture absorbent paper tips 

were slowly inserted into the distal buccal and lingual gingival sulcus of the second molar, and kept for 30s when encountering 
resistance. After removal, the paper tips were placed into EP tubes containing 200 μL PBS buffer. 1 h shock; Centrifuged at 3000r/min 
for 10min, the supernatant was taken and stored at - 80 ◦C. IL-8, MMP-8 and IL-1β were detected by Enzyme-linked immunosorbent 
assay (ELISA) [23]. The kits were purchased from Shanghai Kanglang Technology Co., LTD. The sensitivities for IL-8, MMP-8 and IL-1β 
ELISAs were 2.87 pg/mL, 0.03 ng/mL and 1.02 pg/mL, respectively. 

2.4.3. Collection of clinical periodontal indices 
Clinical periodontal indices include Plaque index (PLI), Bleeding on probing (BOP), and Probing depth (PD). Preoperatively, there 

was no significant difference in full-mouth PLI and BOP. However, in this study, PLI and BOP were divided into the average scores of 
distal surfaces of adjacent second molars. PD was assessed at three sites (distal buccal, distal, distal lingual) of adjacent teeth. All 
measurements were repeated three times by 2 experienced Periodontist (Dr. J. Z and Y. Z), who performed an inter-examiner cali-
bration based on the Intraclass Correlation Index (ICC) [24] to obtain a variable value of 0.97, and averaged.  

a. Plaque index (PLI) [25]: The plaque index proposed by Silness and Loe was adopted, and the specific scoring criteria were as 
follows: 0 = no plaque in the gingival margin; 1 = Thin plaque can be scraped on the gingival margin surface with probe; 2 =
Medium amount of plaque on gingival margin or adjacent surface; 3 = There is a large amount of soft scale in the gingival sulcus or 
perigingival area and adjacent surface.  

b. Bleeding on bleeding (BOP) [25]: Probe gently into the gingival sulcus, 30 s after probing was removed, observed: 0 = no bleeding; 
1 = bleeding.  

c. Probing depth (PD) [26]: William’s periodontal probe (Hu-Friedy, Chicago, IL, USA) in millimeters was inserted parallel to the long 
axis of the tooth from the free gingival margin to the distance until it encounters slight resistance. 
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2.5. Data analysis 

Data results that were repeated three times were expressed as mean ± standard deviation (mean ± STD). Data analysis used 
GraphPad Prism software (version 8.0). The Shapiro-Wilk normality test was used to clarify that all measurements were normal 
distribution. Two independent sample T tests were used to compare Intra/inter-group differences of measurement data samples. The 
Pearson correlation test was used to evaluate the correlations between subgingival microbiota and inflammatory factors and peri-
odontal clinical indices. p < 0.05 was considered to be statistically significant. 

3. Results 

3.1. General condition 

A total of 100 patients were collected and randomly assigned into two groups, 50 patients in the triangular flap group and 50 
patients in the modified triangular flap group, excluded 20 patients due to loss of follow-up and postoperative wound dehiscence and 
infection. Ultimately, 80 patients completed the study. There were 39 patients (39 teeth) in the triangular flap group and 41 patients 
(41 teeth) in the modified triangular flap group (Fig. 1), including 38 males and 42 females, with an average age of 21.3 ± 2.6 years. 
There were no significant differences in age, sex, and operation time between the two groups (p > 0.05). Furthermore, no infection, 
grade 3 or higher pain or swelling occurred in all patients. 

3.2. Clinical results 

3.2.1. Changes in distal periodontal clinical indices of adjacent second molars before and after surgery 
Preoperatively, there was no significant difference in PD, PLI and BOP indices between the triangular flap group (2.88 ± 0.31 mm; 

0.94 ± 0.78; 0.00 ± 0.00) and the modified triangular flap group (2.83 ± 0.37 mm, 0.77 ± 0.50, 0.00 ± 0.00) (p = 0.5024; p =
0.3412). At 1 week and 4 weeks postoperatively, the clinical indices in both groups increased compared with those before surgery, and 
PD in the triangular flap group (5.83 ± 1.24 mm; 5.31 ± 1.10 mm) and the modified triangular flap group (4.36 ± 0.85 mm; 4.14 ±
0.89 mm) was statistically different from that before surgery (p < 0.0001; p < 0.0001). At 8 weeks, the clinical indices basically 
recovered the preoperative levels. As shown in Table 1. 

3.2.2. Comparison of postoperative periodontal clinical indices between the groups 
After 1 week, PD, PLI, and BOP in the triangular flap group respectively were (5.83 ± 1.24 mm; 1.42 ± 0.79; 0.67 ± 0.47), which 

were significantly higher than those in the modified triangular flap group (4.36 ± 0,85 mm; 1.14 ± 0.67; 0.53 ± 0.49), with statis-
tically significant the difference in PD (p < 0.0001). At 4 weeks, PD, PLI, and BOP in both groups decreased compared with that at 1 
week, but the PD in the triangular flap group (5.31 ± 1.10) was still significantly different from that in the modified triangular flap 
group (4.14 ± 0.89) (p < 0.0026). There was no significant difference in the clinical indices at 8 weeks between groups. As shown in 
Table 1. 

3.3. Microbiological results 

Before surgery, no difference was observed comparing triangular flap group and modified triangular flap group in term of the 

Fig. 1. Flow chart of study design.  
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relative abundances of Pi, Aa, and Pg. After 1 week, the relative abundances of Pi, Aa, and Pg significantly increased in both groups 
compared with those before surgery, and Pi increased particularly significantly in the triangular flap group (p = 0.0066). Compared 
with 1 week after surgery, the contents of Pi, Aa, and Pg decreased at 4 weeks, but Pi was more abundant in the triangular flap group 
than in the modified triangular flap group (p = 0.0229). 8 weeks after surgery, the relative abundances of Pi, Aa, and Pg basically 
returned to the preoperative levels, as shown in Fig. 3. 

3.4. Immunological results 

Preoperatively, there was no difference in the levels of IL-8, MMP-8, and IL-1β in the gingival crevicular fluid between the groups. 
At 1 week and 4 weeks, the contents of three inflammatory factors significantly increased, but significantly reduced in the modified 
triangular flap compared with the triangular flap (p = 0.0266). IL-8, MMP-8, and IL-1β in both groups basically restored to the pre-
operative levels at 8 weeks, as shown in Table 2. 

3.5. Correlation analysis of Pi with inflammatory factors and periodontal clinical indices between groups 

The Pearson correlation analysis showed that the expression of Pi was positively correlated with the levels of PD, PLI, BOP, IL-8, 
MMP-8 and IL-1β in both groups, among which the correlation coefficients between the expression of Pi and PD, PLI and IL-1β was 
statistically significant (p < 0.05), as can be seen in Table 3. 

Fig. 2. Schematic diagram of flap design a. Triangular flap b. Modified triangular flap.  

Table 1 
Comparison of periodontal clinical indices between both groups (mean ± STD).  

Periodontal index Time Triangular flap group Modified triangular flap group p value 

PD (mm) Before 2.88 ± 0.31 2.83 ± 0.37 0.5024 
1 week *5.83 ± 1.24 *4.36 ± 0.85 0.0001 
4 weeks *5.31 ± 1.10 *4.14 ± 0.89 0.0026 
8 weeks 2.90 ± 0.36 2.75 ± 0.32 0.6383 

PLI Before 0.94 ± 0.78 0.77 ± 0.50 0.3412 
1 weeks *1.42 ± 0.79 *1.14 ± 0.67 0.1191 
4 weeks 1.28 ± 0.78 1.02 ± 0.70 0.1551 
8 weeks 0.88 ± 0.53 0.83 ± 0.66 0.7347 

BOP Before 0.00 ± 0.00 0.00 ± 0.00  
1 weeks *0.67 ± 0.47 *0.53 ± 0.49 0.2355 
4 weeks *0.58 ± 0.49 *0.39 ± 0.38 0.1016 
8 weeks 0.00 ± 0.00 0.00 ± 0.00  

Note: Compared with preoperative, *p < 0.05; PD: Probing Depth; PLI: Plaque Index; BOP: Bleeding on Probing. 
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4. Discussion 

Extraction of impacted mandibular third molars is one of the most common procedures in oral and maxillofacial surgery. Although 
minimally invasive techniques have been widely used, complications often still occur after surgery. Among these, the effect of no 
erupted IMTM extraction on the periodontal tissue of the adjacent second molars has become a controversial clinical issue [2]. The 
relevant literature indicates that multiple factors, including preoperative periodontal condition, patient age, type of IMTM impaction, 
intraoperative flap design, tooth extraction instruments used, suture type and other variables affect the distal periodontal tissue of 

Fig. 3. The relative abundance of (a) Pi, (b) Aa, and (c) Pg in the two groups (Compared with preoperative, *p < 0.05).  

Table 2 
The levels of IL-8, MMP-8, and IL-1β in the gingival crevicular fluid of both groups (mean ± STD).  

Index Time Triangular flap group Modified triangular flap group p value 

IL-8 Before 11.04 ± 0.93 10.87 ± 0.89 0.6864 
1 week *23.78 ± 0.74 *22.92 ± 0.77 0.0266 
4 weeks *18.12 ± 0.67 *17.32 ± 0.76 0.0283 
8 weeks 10.96 ± 0.92 10.83 ± 0.83 0.7623 

MMP-8 Before 3.63 ± 1.48 3.12 ± 1.34 0.5221 
1 week *15.37 ± 1.39 *13.67 ± 1.70 0.0321 
4 weeks *10.46 ± 1.50 *8.88 ± 1.34 0.0305 
8 weeks 3.69 ± 1.36 3.34 ± 1.63 0.6270 

IL-1β Before 13.33 ± 0.88 12.96 ± 0.90 0.2786 
1 week *33.71 ± 0.78 *32,48 ± 1.07 0.0120 
4 weeks *20.47 ± 0.84 *19.28 ± 1.18 0.0250 
8 weeks 13.04 ± 1.46 13.02 ± 1.37 0.9741 

Note: Compared with preoperative, *p < 0.05; IL-8: interleukin-8; MMP-8: matrix metalloproteinase-8; IL-1β: interleukin-1β. 

Table 3 
Correlation analysis of Pi expression with inflammatory factors and periodontal clinical indexes between the groups.  

Relative indexes Pi 

Triangular flap group Modified triangular flap group 

r p r p 

PD 0.7955 *0.0012 0.7415 *0.0029 
PLI 0.6653 *0.0074 0.4363 0.0528 
BOP 0.1015 0.4034 0.1226 0.3556 
IL-8 0.0080 0.8192 0.01057 0.7924 
MMP-8 0.4293 0.0554 0.3166 0.1147 
IL-1β 0.9056 *<0.0001 0.8669 *0.0003 

Note: Compared with preoperative, *p < 0.05; PD: Probing Depth; PLI: Plaque Index; BOP: Bleeding on Probing; IL-8: interleukin-8; MMP-8: matrix 
metalloproteinase-8; IL-1β: interleukin-1β; Pi: Prevotella intermedia. 
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adjacent second molars after IMTM extraction [27–33], and suggests that intraoperative flap design plays a major role. Flap designs, as 
a basic operation during surgery, not only determine the surgical area and access but are also closely related to periodontal tissue 
healing [34]. Various flap designs, including standard flaps and modified flaps, have been proposed and studied, but some controversy 
about their use remains. 

In this study, no erupted IMTM were used to investigate the effect of using triangular flaps and modified triangular flaps on 
periodontal tissues. To avoid the influence of mesial and buccal bone removal on the operation, only distal bones were removed 
intraoperatively in any of the patients; The crowns were then extracted separately to minimize as much as possible the influence of 
factors other than incision design. The traditional standard triangular flap, which is commonly used in IMTM extraction and is favored 
by clinicians, including distal incisions, sulcular incisions and vertical releasing incisions, and together these provide a wide range of 
surgical area and operation spaces [14]. Studies have revealed that an important factor that affects the periodontal healing of second 
molars after IMTM extraction is the amount of residual periodontal ligament and gingival fibers [35]. To minimize the effect of sulcular 
incision on periodontal tissue, in this study the standard triangular flap was modified to preserve the gingival fibers, junctional 
epithelium and the buccal attached gingiva around the second molar. But the modified triangular flap also has some disadvantages, 
such as limited area of the elevated gingival flap, small intraoperative field of view. The results of the study showed that although both 
flap designs caused an increase in the periodontal pocket depth of the adjacent second molars within 4 weeks, the pockets in the group 
in which a modified triangular flap group was used were significantly lower in depth than those in the triangular flap group. 

The formation of a distal periodontal pocket around the second molar is a common complication after IMTM surgery [36]. In our 
research, compared with the modified triangular flap, the triangular flap resulted in a larger periodontal pocket and obviously 
increased probing depth. However, this difference was only observed 1 and 4 weeks after surgery, which may be due to the immaturity 
of the collagen fibers of the triangular flap and the still fragile connection between the gingival flap and the tooth surface, resulting in a 
still larger probing depth.; There was no significant difference at 8 weeks. It has been reported that periodontal protective membrane 
reset may take up to 45 days [37], Castagna et al. [38] also evaluated the effect of different flap designs on periodontal parameters and 
found no significant differences 2 months postoperatively, further suggesting that after flap surgery, the periodontal healing process 
interfered with the results. In addition, the plaque index and bleeding on probing increased without statistical significance in the both 
groups, indicating that the difference in probing depth observed 1 and 4 weeks after surgery did not contribute to plaque accumulation, 
but was caused by the use of different flap designs. 

Bacteria are the initiators of periodontal disease, and periodontal pathogens such as Aa, pg, Pi are commonly found near the third 
molars of healthy patients [39]. The formation of complex communities of subgingival microbiota depends on environmental factors, 
and changes in these factors may encourage the growth of pathogenic bacteria and the expression of virulence factors that then become 
a primary cause of periodontal tissue destruction [40]. The effect of flap design, which may disturb local environmental homeostasis by 
undermining epithelial attachment, on periodontal tissue is related to subgingival microbiota dysbiosis and the host immune response. 
Flap design may also directly stimulate the body’s immune response, triggering increased secretion of inflammatory factors in gingival 
crevicular fluid. 

This research revealed that colonization by Aa, Pg, and Pi, bacteria that are closely related to periodontal disease, was significantly 
increased at 1 and 4 weeks after surgery, with Pi showing a significant difference between the two flap designs. Current studies [41] 
suggest that Pi, which correlates moderately with the occurrence and development of periodontal disease, can inhibit bone formation 
and accelerate bone absorption, leading to the formation of periodontal pockets, increasing probing depth, and causing a metabolic 
disorder of alveolar bone. The events triggers a series of host immune responses in which virulence factors and various metabolites are 
released, giving rise to the production of inflammatory factors such as IL-1β and IL-8 as well as matrix metalloproteinases [42]. Some of 
the biological effects of Pi involve in stimulation of fibroblast proliferation and activation of different cell populations, causing them to 
synthesize and release specific collagenases that promote the degradation of collagen fibers and the destruction of periodontal sup-
porting tissues. This may be part of the reason for the increased probing depth observed after surgery [43]. Pearson correlation analysis 
showed that the degree of Pi infection caused by the use of flap designs was positively correlated with PD and IL-1β levels in gingival 
crevicular fluid, indicating that the increase in probing depth after surgery may be associated with subgingival microbiota and the 
host’s immune inflammatory response. 

The innovation of this study is that it explores the mechanism of the effect of flap designs on periodontal tissue by performing 
extraction in which a modification of the standard triangular flap is used and observing the resulting changes in subgingival microbiota 
and inflammatory factors in gingival crevicular fluid. This study still has many shortcomings. (1) Although strict inclusion and 
exclusion criteria we established and used, these criteria are still not comprehensive enough to fully define the specific tooth location, 
such as partial buccal, partial lingual or dentition, root number, and root form. (2) Because the follow-up time was short, only 8 weeks, 
long-term assessment of soft tissue and effect on bone tissue was not possible. (3) Studies have shown that IMTM extraction before age 
25 (regardless of sex) has significantly less impact on periodontal tissue than extraction after age 25 [44]. We selected patients between 
the ages of 20–25 years to minimize the effects of other factors on the periodontal tissue. Therefore, our results may only apply to a 
small number of people. Future, experiments will address the deficiencies of the this research. 

5. Conclusion 

Within the limitations of the present study, it is concluded that the use of either type of flap during IMTM extraction resulted in an 
increase in probing depth and in changes in the relative abundance of subgingival microbiota and the levels of inflammatory factors 
within 4 weeks; the changes in the modified triangular flap group were significantly less marked than those in the triangular flap 
group. Pearson correlation analysis revealed that Pi was positively correlated with IL-1β and PD. This indicates that short-term 
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application of the modified triangular flap significantly mitigates distal periodontal damage to the adjacent second molar. Our study 
provides inferential evidence that the subgingival microbiota and the host’s inflammatory response may be mediated by the incision 
design. 
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