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Abstract: This study aimed to evaluate whether the combination of Vitapex paste and minocycline
hydrochloride ointment offers superior therapeutic benefits for combined periodontal–endodontic
lesions. A total of 109 patients with combined periodontal-endodontic lesions treated in our hospital
were prospectively selected and divided into a control group (n= 54, treated with minocycline
hydrochloride ointment+ iodoform-zinc oxide eugenol paste) and a study group (n= 55, treated with
minocycline hydrochloride ointment+ Vitapex paste) using a random number table. The treatment
lasted for eight weeks in both groups. The periodontal status [gingival index (GI), plaque index (PLI),
clinical attachment level (CAL), and probing depth (PD)], levels of inflammatory cytokines in gingival
crevicular fluid (GCF) [interleukin-1β (IL-1β), IL-17, and tumor necrosis factor-α (TNF-α)], pain
degree and tooth function were also compared. The study group achieved a higher total effective
rate compared with the control group (96.36% vs. 83.33%). After treatment, both groups showed
significant reductions in GI, PLI, CAL, PD, and GCF levels of IL-1β, IL-17, and TNF-α, with greater
improvements observed in the study group. Pain scores (VAS, PPI, PRI) also decreased more markedly
in the study group. Furthermore, occlusal force and masticatory efficiency improved significantly in both
groups, with superior enhancement in the study group. Root canal injection of Vitapex paste combined
with minocycline hydrochloride ointment demonstrates superior clinical efficacy in treating combined
periodontal-endodontic lesions, effectively reducing inflammation,improving periodontal parameters,
relieving pain, and enhancing tooth function.

Keywords: Combined periodontal-endodontic lesions, minocycline hydrochloride ointment, root canal
injection, Vitapex paste

1. Introduction
Combined periodontal-endodontic lesions are a common chronic infectious disease of the oral cavity,

mainly defined as the periodontal destruction of the affected teeth accompanied by pulpitis. Periodontal
and dental pulp tissues communicate and interact with each other through collateral branch root canal,
dentinal tubules and apical foramen, so lesions or infections on one party may spreadto the other,
leading to combined lesions [1,2]. Patients with combined periodontal-endodontic lesions often suffer
from varying degrees of periodontal pocket formation, pocket wall inflammation, gingival bleeding
and alveolar bone resorption. If no effective treatment measures are taken promptly, the inflammatory
reaction mediated by bacteria and plaque may extend to the subgingival region, involving the deep
gingival tissue and causing tooth loosening or displacement, which has anegative impact on the daily
life and physical and mental health of patients [3,4].
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Removing dental plaque and calculus on the root surface, and eliminating or inhibiting anaerobic
bacteria are the key in the treatment of combined periodontal-endodontic lesions. Combined periodontal-
endodontic lesions were often treated with antibiotics previously, but antibiotics alone could not achieve
satisfactory results due to the special periodontal environment. Iodoform-zinc oxide eugenol (ZOE)
paste and Vitapex paste are both commonly-used root canal filling materials, and they have been widely
applied in the repair of apical foramen destruction, apexification and root canal therapy of deciduous
teeth, obtaining good results [5,6].

Recent studies have provided new insights into the role of microRNAs inregulating periodontal
inflammation and tissue remodeling. The study showed that miRNAs such asmiR 7, miR 21 and miR
100 modulate cytokine activity and the RANKL and OPG signaling pathways, thereby influencing
osteoclast and osteoblast functions within periodontal tissues. It also demonstrated that the dynamic
expression of these miRNAs in gingival crevicular fluid reflects local inflammatory burden and tissue
remodeling activity, suggesting their involvement in both the progression and the repair of periodontal
lesions [7]. In addition, recent periodontal research has linked dysregulated miRNAs with vascular
inflammatory responses, oxidative stress and impaired endothelial function, which are biological
processes closely associated with the destructive mechanisms of periodontitisand related endodontic
involvement [8]. These findings provide a more refined molecular framework for understanding the
inflammatory and tissue-level interactions underlying combined periodontal endodontic lesions.

Clinically, both Vitapex paste and iodoform ZOE paste are widely used intracanal filling materials,
yet their differences in antibacterial activity, sealing capacity and tissue responses maylead to
distinct therapeutic outcomes in combined periodontal endodontic lesions. However, despite the clinical
relevance of these lesions and the growing understanding of their biological mechanisms, comparative
evidence evaluating the therapeutic performance of these two materials remains limited. Therefore,
we compared the clinical effects of iodoform ZOE paste and Vitapex paste in patientswith combined
periodontal endodontic lesions, with the aim of providing updated biological support and reliable clinical
evidence to guide material selection in clinical practice.

2. Materials and methods
2.1. General data

A total of 109 patients with combined periodontal-endodontic lesions treated in our hospital from
October 2020 to October 2022 were selected and divided into control group (n= 54) and study group
(n = 55) using a random number table. The data were well-balanced and comparable between the two
groups (p > 0.05) (Table 1).

Table 1. General data

Indicator Study group
(n = 55)

Control group
(n = 54)

Statistical
value

p

Sex [n (%)]
Male 30 (54.55) 31 (57.41)

χ2 = 0.091 0.763
Female 25 (45.45) 23 (42.59)

Age (x̄ ± s, Y) 38.62± 6.51 39.04± 6.38 t = 0.340 0.734
Duration of disease (x̄ ± s, month) 3.86± 1.04 4.03± 1.12 t = 0.821 0.413
Tooth mobility [n (%)]

Degree I 26 (47.27) 24 (44.44)
χ2 = 0.088 0.767

Degree II 29 (52.73) 30 (55.56)
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2.2. Sample size justification
This study adopted a pragmatic, prospective randomized controlled design. Theanticipated number

of participants was initially estimated based on the expected patient volume during the recruitment
period and effect sizes reported in previous studies on similar periodontal–endodontic conditions.
However, the available preliminary evidence was not sufficiently precise to allow a formal a priori
sample size calculation. Therefore, all eligible patients treated within the predefined period were
consecutively enrolled and randomized. To evaluate the adequacy of the achieved sample size, post-hoc
power analyses were conducted for two major outcomes, probing depth (PD) and IL-1β. These outcomes
reflect the core clinical and biological therapeutic targets of periodontal and endodontic involvement.
Based on the observed effect sizes, the statistical power exceeded 0.80 for both probing depth and IL-
1β at a significance level of 0.05. These results indicate that the sample size was sufficient to detect
clinically meaningful differences in the main outcomes of interest.

2.3. Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) Patients diagnosed with combined periodontal–endodontic

lesions based on clinical examination, periodontal probing, pulp vitality testing and radiographic
findings [9], (2) patients presenting with symptoms such as gingival bleeding, redness and swelling,
occlusal pain, and with a PD of 3–10 mm, (3) presence of symptoms or radiographic signs of pulpal or
periapical involvement, (4) first-time treatment, aged between 18 and 65 years, and in good systemic
health without acute infection or uncontrolled systemic disease, (5) no history of periodontal treatment,
root canal therapy or systemic antibiotic use within the previous 3 months, (6) ability and willingness to
comply with study procedures and follow-up.

The exclusion criteria were: (1) Patients with root canal rupture or radiographicallyconfirmed
periapical cysts, (2) patients with known allergy to any of the investigational materials, (3) patients with
a history of dental aesthetic restorative procedures that may affect periodontal assessment, (4) patients
with alveolar bone resorption greater than one-half of the root length as shown on X-ray examination, (5)
patients who had used antibiotics or corticosteroid medications within thepast month, (6) patients with
rheumatic immune system diseases, endocrine disorders or other systemic diseases that may influence
periodontal status, (7) patients with other acute or chronic infectious diseases.

2.4. Methods
Periodontal therapy and root canal therapy were performed in both groups. (1) Periodontaltherapy:

X-ray examination was first performed to observe the periapical condition, and range anddegree of
periodontal destruction. Subgingival and supragingival scaling was provided according to individual
conditions. Then the periodontal pocket was washed alternately and repeatedly withnormal saline and
3% hydrogen peroxide solution, and the exudate in the periodontal pocketwas absorbed with cotton
balls. Finally, an appropriate amount of minocycline hydrochloride ointment (Sunstar INC, Japan,
Registration Certificate No. H20150106, specification: 0.5 g) was slowlyinjected into the periodontal
pocket until it slightly overflowed. It was forbidden to gargle or eat within1 h after treatment. The
treatment lasted for eight weeks, once a week.

(2) Root canal therapy: Root canal therapy was performed simultaneously with periodontal therapy.
After pulp opening, pulp extraction and root canal preparation using K files, theroot canal was
ultrasonically washed and sealed with drugs for 7–10 d until symptoms disappeared. Then the root canal
was dried and filled with iodoform-ZOE paste (prepared by iodoform and zinc oxide powder at 5:1 with
eugenol) in control group and with Vitapex paste (Morita, Japan) in study group till 1/3 of the apex
after there was no exudation or peculiar smell. After the whole root canal was confirmed to be fully
filled with the paste, it was sealed with gutta-percha points. Following eight weeks of treatment, the
paste was removed and the root canal was filled permanently. Moreover, the two groupsof patients were
required to gargle after three meals, keep the oral cavity clean, and receive tooth-clickingexercise and
regular review.
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2.5. Observation of indicators
(1) Clinical efficacy: After eight weeks of treatment, the clinical efficacy was evaluated inthe

two groups. The evaluation criteria were as follows: Markedly effective: complete disappearance of
symptoms such as gingival bleeding, redness and swelling, and occlusal pain,decline in PD≥2
mm, and no loosening and spontaneous pain of the affected teeth. Effective: Significant improvement
of symptoms such as gingival bleeding, redness and swelling, and occlusal pain, 1 mm < decline
in PD <2 mm, and slight loosening but no spontaneous pain of the affected teeth. Ineffective: No
significant improvement of clinical symptoms, PD, loosening/spontaneous pain of the affected teeth and
other signs. Total effective rate= markedly effective rate+ effective rate.

(2) Adverse reactions: The incidence of local itching, oral foreign body sensation, and gingival
bleeding was recorded in the two groups.

(3) Periodontal status: Gingival index (GI), plaque index (PLI), clinical attachment level (CAL)
and PD were compared between the two groups before treatment and at eight weeks after treatment.
GI [10]: 0 points (normal gingival texture and color), 1 point (slightly ruddy color and mild inflammation
of the gingiva), 2 points (significantly ruddy color and moderate inflammation of the gingiva), and 3
points (gingival ulcer or redness, and severe inflammation). PLI [11]: 0 points (no plaque at the gingival
margin), 1 point (no plaque at the gingival margin found by visual inspection, but a small amount of
plaque scraped out with the probe tip), 2 points (a moderate amount of plaqueat the gingival margin
found by both visual inspection and probing), and 3 points (a large amountof tartar at the gingival
margin, on the adjacent surface and in the gingival sulcus found by both visual inspection and probing).
CAL was defined as the distance from the cementoenamel junction to the periodontalpocket bottom,
and PD referred to the distance from the gingival margin to the periodontal pocket bottom or from the
upper gingival margin to the gingival sulcus bottom.

(4) Levels of inflammatory cytokines in gingival crevicular fluid (GCF): GCFwas harvested before
treatment and at eight weeks after treatment and centrifuged at 3500 r/min for 15 min. Then the
supernatant was collected to measure the levels of tumor necrosis factor-α (TNF-α), interleukin-1β
(IL-1β) and IL-17 by enzyme-linked immunosorbent assay.

(5) Degree of pain: Before treatment and at eight weeks after treatment, the degree of pain was
assessed using the short-form McGill pain questionnaire (SF-MPQ) [12], which consisted of visual
analogue scale (VAS) [13], pain rating index (PRI) and present pain intensity (PPI). The higher the VAS
score (0–10 points), the severer the pain. PPI had six grades: 0 points (no pain), 1 point (mild pain),
2 points (uncomfortable pain), 3 points (great pain), 4 points (terrible pain) and5 points (severe pain).
PRI covered 15 items in total, including four kinds of emotions (boredom, fear, weakness and suffering)
and 11 kinds of pain properties such as tenderness, burning pain, tingling pain and knife-like pain. Each
item was scored 0–3 points from “none” to “severe”, the total score was 0–45 points, and a higher score
corresponded to a higher degree of pain.

(6) Tooth function: The occlusal force and masticatory efficiency were compared between thetwo
groups before treatment and at 8 weeks after treatment. The occlusal force was measured with an
occlusometer (YHL001). To detect the masticatory efficiency, the patient was instructed to chew 5 g
of peeled and fried peanuts, 20 times by each side of the teeth, and then the chews werefiltered with
a 200-mesh sieve and weighed. Masticatory efficiency= weight of filtered chews/weight of peanuts
before chewing.

2.6. Statistical analysis
SPSS 23.0 software was used for statistical analysis. Normality of continuous variables was assessed

using the Shapiro Wilk test. All variables showed normal distribution, so between group comparisons
were conducted using independent samplest tests. The count data (clinical efficacy and adverse
reactions) were described by [n (%)] and subjected to theχ2 test. The rank sum test was used for the
ranked data.p < 0.05 was considered a statistically significant difference.
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3. Results and discussions
3.1. Treatment outcomes

The total effective rate of the study group was higher than that of the control group (p < 0.05)
(Table 2).

Table 2. Treatment outcomes [n (%)]

Group Markedly effective Effective Ineffective Total effective rate

Study (n= 55) 39 (70.91) 14 (25.45) 2 (3.65) 53 (96.36)
Control (n= 54) 23 (42.59) 22 (40.74) 9 (16.67) 45 (83.33)
Z/χ2 Z = 3.169 χ2 = 5.099
p 0.002 0.024

3.2. Adverse reactions
There was no significant difference in the incidence rates of adverse reactions between the two

groups (p > 0.05) (Table 3).

Table 3. Adverse reactions [n (%)]

Group Local itching Oral foreign
body sensation

Gingival
bleeding

Total incidence
rate

Study (n= 55) 2 (3.64) 2 (3.64) 1 (1.82) 5 (9.09)
Control (n= 54) 3 (5.56) 1 (1.85) 2 (3.70) 6 (11.11)
χ2 0.123
p 0.726

3.3. Periodontal status before and after treatment
After treatment, GI, PLI, CAL and PD all declined in both groups compared with those before

treatment, and the changes were more significant in the study group than those in the control group
(p < 0.05) (Table 4).

Table 4. Periodontal status before and after treatment (x̄ ± s)

Group
GI (point) PLI (point) CAL (mm) PD (mm)

Before
treatment

After
treatment

Before
treatment

After
treatment

Before
treatment

After
treatment

Before
treatment

After
treatment

Study
(n = 55)

2.21± 0.39 0.88±
0.31a

2.31± 0.46 1.32±
0.34a

4.29± 0.71 2.23±
0.42a

6.02± 0.67 3.13±
0.59a

Control
(n = 54)

2.25± 0.42 1.09±
0.37a

2.28± 0.53 1.62±
0.36a

4.32± 0.76 2.69±
0.48a

5.97± 0.70 3.68±
0.72a

t 0.515 3.214 0.316 4.474 0.213 5.327 0.381 4.366
p 0.607 0.002 0.753 0.000 0.832 0.000 0.704 0.000

Note:ap < 0.05 vs. before treatment in the same group.

3.4. Levels of inflammatory cytokines in GCF before and after treatment
After treatment, the levels of IL-1β, IL-17 and TNF-α all declined in both groups compared to those

before treatment, and they were lower in the study group than those in the control group (p < 0.05)
(Table 5).
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Table 5. Levels of inflammatory cytokines in GCF before and after treatment (x̄ ± s)

Group IL-1β (µg/L) IL-17 (pg/mL) TNF-α (ng/mL)

Before
treatment

After
treatment

Before
treatment

After
treatment

Before
treatment

After
treatment

Study (n= 55) 7.42± 1.53 2.76± 0.82b 16.31± 2.49 5.14± 1.32b 6.28± 1.93 2.31± 0.76b

Control
(n = 54)

7.37± 1.65 3.62± 1.03b 16.58± 2.57 6.58± 1.69b 6.45± 1.84 3.18± 0.94b

t 0.164 4.827 0.557 4.963 0.471 5.318
p 0.870 0.000 0.579 0.000 0.639 0.000

Note:bp < 0.05 vs. before treatment in the same group.

3.5. Pain degree before and after treatment
After treatment, the scores of VAS, PPI and PRI all declined in both groups comparedto those before

treatment, and they were lower in the study group than those in the control group (p < 0.05) (Table 6).

Table 6. Pain degree before and after treatment (x̄ ± s, point)

Group VAS score PPI score PRI score

Before
treatment

After
treatment

Before
treatment

After
treatment

Before
treatment

After
treatment

Study (n= 55) 6.82± 1.76 1.71± 0.63c 4.12± 0.78 1.36± 0.53c 31.22± 4.83 7.39± 2.54c

Control (n= 54) 6.90± 1.82 2.30± 0.85c 4.08± 0.86 1.72± 0.68c 30.87± 5.16 9.63± 2.78c

t 0.233 4.122 0.254 3.086 0.366 4.393
p 0.816 0.000 0.800 0.003 0.715 0.000

Note:cp < 0.05 vs. before treatment in the same group.

3.6. Tooth function before and after treatment
Both occlusal force and masticatory efficiency were enhanced in the two groups after treatment, and

they were higher in the study group than those in the control group (p < 0.05) (Table 7).

Table 7. Tooth function before and after treatment (x̄ ± s)

Group Occlusal force (Ibs) Masticatory efficiency (%)

Before treatment After treatment Before treatment After treatment

Study (n= 55) 82.54± 6.79 135.82± 7.24d 58.19± 6.13 88.73± 4.28d

Control (n= 54) 83.27± 7.15 128.73± 8.17d 57.64± 5.79 84.26± 5.07d

t 0.547 4.797 0.481 4.977
p 0.586 0.000 0.631 0.000

Note:dp < 0.05 vs. before treatment in the same group.

3.7. Comparative physicochemical evaluation of root canal materials
To compare the physicochemical characteristics of Vitapex paste and ZOE paste, pH value,

antibacterial performance and minocycline release profile were analyzed. As shown inTable 8, the
pH of Vitapex remained above 11.5 throughout the 72 h incubation, significantly higher than that of
ZOE paste (p < 0.05), indicating a stronger alkalinity conducive to antibacterial activity and dentin
bridge formation.

Agar diffusion assay showed that Vitapex produced a larger inhibition zone againstE. faecalis(19.7
± 1.2 mm) than ZOE paste (14.2± 0.9 mm), supporting its superior antibacterial effect. Similarly,
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minocycline ointment exhibited sustained release, reaching 72% cumulative release at 24 h (Figure 1),
indicating favorable local drug delivery properties.

Table 8. pH comparison between Vitapex and ZOE pastes

Time (h) Vitapex pH (x̄ ± s) ZOE pH (x̄ ± s) t p

24 h 11.68± 0.12 8.44± 0.19 28.17 <0.001
72 h 11.55± 0.15 8.29± 0.16 29.52 <0.001

Figure 1. Cumulative minocycline release profile in PBS over 24 h (n= 3). Error bars represent
standard deviation

This study demonstrated that Vitapex paste combined with minocycline hydrochloride ointment
provided superior clinical outcomes compared with iodoform-ZOE paste, with greaterimprovements in
periodontal indices, inflammatory cytokines, pain scores and tooth function.

SEM imaging of Vitapex has shown homogeneous dispersion and good biocompatibility due
to its polysiloxane-based matrix [14]. FTIR analysis of calcium hydroxide-based sealers has also
demonstrated strong hydroxyl group peaks related to their antimicrobial and mineralizing potential [15].
Furthermore, a sustained-release profile of minocycline in a simulated physiological environment was
demonstrated in the study by Patel et al. [16] through dissolution testing in PBS, confirming the
formulation’s controlled-release capability. Complementary structural characterization via FTIR of a
minocycline-loaded hydrogel system further supports the premise of material-mediated stability and
functional release behavior [17].

Combined periodontal-endodontic lesions have complex pathogenesis, which may be related to
dental plaque infection,Bacteroides gingivalisinfection, immunity, psychology, environment, heredity
and other factors [18]. Periodontal lesions and dental pulp lesions interact with each other, and pulp
necrosis or lesions can affect periodontal tissues through the apical foramen. Moreover,the plaque on
the root surface can also lead to pathological changes in the dental pulp. When periodontitis invades
the apical foramen, dental pulp lesions may also be induced [19,20]. Only by simultaneously treating
periodontal lesions and dental pulp lesions can ideal clinical effects be achieved on patients with
combined periodontal-endodontic lesions.

Inflammation of granulation tissues induced by continuous stimulation of pathogenic microorgan-
isms is the major pathological feature of combined periodontal-endodontic lesions, which can destroy
periodontal tissues, and cause sensitive pain and even tooth loss, affecting tooth function [21]. With
ability to quickly and effectively eliminate necrotic pulp tissues, root canal therapy is commonly used
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for patients with combined periodontal-endodontic lesions. However, completely removing pathogenic
microorganisms in the root canal by root canal therapy alone remains difficult, so itis necessary to
actively search for disinfection drugs to contribute to the complete removal of pathogenic microor-
ganisms. Characterized by a broad antibacterial spectrum, high fat solubility and strong permeability,
minocycline hydrochloride ointment is a common local sustained-release drugin clinic, and it has a
good antibacterial effect and can kill and inhibit pathogenic microorganisms in the oral cavity such
asEikenella corrodens, Actinobacillus actinomycetemcomitans, FusobacteriumandSpirochete. After
being injected into the periodontal pocket, minocycline hydrochloride ointment can slowly release
minocycline and maintain a high drug concentration in local lesions for a long time, exerting a good
sterilization effect [16,22]. Meanwhile, minocycline hydrochloride ointment can chelate with zinc ions
and calcium ions to inhibit collagenase activation, promote slight demineralization of the root surface
of the affected tooth, and expose the cementum collagen fiber at the lesion site, thereby facilitating the
growth and extension of periodontal ligament cells [23]. A long-term sterile state of the root canal is
required for a perfect root canal therapy, so continuous disinfection and bacteriostasis arethe necessary
characteristics of root canal fillers. Iodoform-ZOE paste is a commonly used root canal filling material
in clinical practice, and it has obvious inhibitory effects onLactobacillus, Staphylococcus epidermidis
and other bacteria, which can achieve continuous disinfection and bacteriostasis inthe root canal [24,25].
However, eugenol in iodoform-ZOE paste has certain cytotoxicity, which will adversely affect the
normal absorption of root tissue, resulting in abnormal development of permanent tooth enamel and
affecting the therapeutic effect. Besides, the root canal needs to be expanded when iodoform-ZOE paste
is used, and it is difficult to control the tightness of filling with poor tissue absorption, which is not
conducive to the prognosis of patients.

Vitapex paste is mainly composed of calcium hydroxide, iodoform and polysiloxane oil. After
reaction with some pathogenic microorganisms and tissue fluid, iodoform will slowly release free
iodine and bind to amino groups in protein, achieving continuous sterilization [26]. Calcium hydroxide
has antiseptic, sterilization and bacteriostatic effects and can also stimulate the formation of calcified
tissue [27]. As an excipient carrier, polysiloxane oil can enhance the histocompatibility and absorbability
of iodoform and calcium hydroxide, improving both bacteriostatic and anti-inflammatory effects. In this
study, iodoform-ZOE paste and Vitapex paste were compared in patients with combined periodontal-
endodontic lesions. It was found that the total effective rate of 8-week treatment instudy group (96.36%)
was higher than that in control group (83.33%). After treatment, study group hadlower GI, PLI, CAL,
PD and scores of VAS, PPI and PRI than control group, suggesting that Vitapex paste has better clinical
efficacy on patients with combined periodontal-endodontic lesions, and it can effectively relieve the
clinical symptoms and pain. The possible reason is that the filling of injectable Vitapex paste is a simple
operation and can increase the root canal filling pressure, making the filling materialsclosely fit the root
canal wall, and eliminating the inflammation and exudation of the root canal, so as to quickly relieve the
clinical symptoms and pain of patients, improve the periodontal status, and enhance the clinical efficacy.

Combined periodontal-endodontic lesions are not only infectious lesionsbut also systemic inflam-
matory host responses. Chronic inflammatory responses can be generated after the affected tooth is
mixed infected by multiple pathogenic microorganisms, and then chronic inflammation will stimulate
the periodontal tissue and induce the release of inflammatory cytokines suchas IL-1β, IL-17 and TNF-
α [28,29]. Among them, IL-1β and IL-17 are common pro-inflammatory factors able to up-regulate
the expressions of IL-6 and IL-8, causing inflammatory cascade reactions and worseninginflammatory
injuries [30]. TNF-α with various biological activities can reduce the alkaline phosphatase activity of
periodontal ligament fiber cells and inhibit the transformation of periodontalligament fiber cells, thus
destroying alveolar bone [31]. In this study, the levels of IL-1β, IL-17 and TNF-α in study group were
lower than those in control group after treatment, and the tooth function was also better than that in
control group, suggesting that injection of Vitapex paste combined withminocycline hydrochloride
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ointment can effectively alleviate the inflammatory response and improve the tooth function of patients
with combined periodontal-endodontic lesions.

Recent evidence suggests that oxidative stress plays a key role in the progression of periodontal
inflammation. Excessive production of reactive oxygen species can damage periodontal ligament
cells, promote lipid peroxidation, impair mitochondrial function and amplify inflammatory cytokine
release [32]. IL 1β and TNF α further enhance ROS generation, forming a cycle that accelerates
periodontal tissue breakdown [33]. The greater reductions in inflammatory cytokines observed in
the study group may therefore be associated with improved modulation of oxidative stress, which
contributes to better periodontal tissue stability and functional recovery.

Minocycline hydrochloride ointment is a slow-release antibacterial drug, which can form a layer
of thin film when contacted with water in the local periodontal region, and slowly release the
drug to maintain a local high drug concentration for a long time, thereby achieving sustained and
strong antibacterial effects, suppressing inflammatory responses and enhancing periodontal tissue
healing [17,34]. Polysiloxane oil in Vitapex paste possesses good permeability and fluidity, which can
ensure complete filling of collateral branch root canal and make calcium hydroxide, iodoform and other
drugs penetrate the affected tooth tissue, thereby exerting a sustained bactericidal effect.Moreover,
polysiloxane oil can stimulate the formation of calcified tissues and opening of dentin tubules, so that
minocycline hydrochloride ointment can better kill bacteria in the dental pulp, repairing periodontal
tissues and improving tooth function [35]. In this study, adverse reactions such as mild local itching,
oral foreign body sensation and gingival bleeding occurred in a small number of patients, but they had
no impact on the treatment, and there was no significant difference in the incidence ofadverse reactions
between the two groups. It can be seen that injection of Vitapex paste combined with minocycline
hydrochloride ointment is safe in the treatment.

This study has several limitations that should be acknowledged. First, it was a single center
randomized controlled trial with a relatively modest sample size, which may limitthe generalizability
of the findings to broader populations and different clinical settings. Second, the follow up period was
restricted to short term clinical and inflammatory outcomes, and long-term periodontalstability and
endodontic healing were not evaluated. Third, although key clinical and biomarker parameters were
assessed, additional mechanistic indicators such as microbiological profiles orcytokine dynamics were
not included and may provide deeper insights into treatment response. Finally, blinding of operators
and patients was not feasible due to the nature of the interventions, which may introduce potential
performance bias despite standardized procedures. Future studies with multimodalevaluation and
extended follow up are warranted to further validate these findings.

4. Conclusions
In conclusion, root canal injection of Vitapex paste combined with minocycline hydrochloride

ointment can effectively reduce inflammatory cytokines in GCF, improve periodontal parameters,
enhance tooth function and alleviate pain with good safety. By providing sustained antibacterial action
and supporting periodontal tissue healing, this combined approach demonstrates stronger therapeutic
benefits for managing combined periodontal–endodontic lesions.
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