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Objective: To analyze the clinical efficacy of combined minocycline hydrochloride and tinidazole therapy for chronic periodontitis
(CP).

Methods: A retrospective analysis was conducted on clinical data from 93 CP patients admitted to our hospital from January 2021 to
January 2023. All patients met the inclusion and exclusion criteria. They were divided into a control group (n=46) and an observation
group (n=47). All patients received full-mouth ultrasonic debridement. On this basis, patients in the control group received weekly
subgingival minocycline hydrochloride ointment (Sunstar™) injections, while patients in the observation group received combined
500 mg tinidazole tablets twice daily x4 weeks. Periodontal parameters and gingival crevicular fluid (GCF) biomarkers were assessed
at baseline and 3-month follow-up.

Results: The results showed that the total effective rate of treatment in the observation group (91.49%) was significantly higher than
that in the control group (73.91%) (P<0.05). The periodontal indicators (Plaque Index, Gingival Bleeding Index, Periodontal Pocket
Depth), inflammatory factor indicators (C-reactive protein, Tumor Necrosis Factor-a, Interleukin-1p), Matrix Metalloproteinase-9
(MMP-9), and Secretory Immunoglobulin A (SIgA) levels of both groups decreased significantly after treatment. Moreover, these
indicators in the observation group were significantly lower than those in the control group (P<0.05). There was no significant
difference in the incidence of adverse reactions between the two groups (P>0.05).

Conclusion: The combination therapy of minocycline hydrochloride and tinidazole significantly improved the clinical efficacy for CP
patients. Compared with minocycline hydrochloride alone, the addition of tinidazole further improved patients’ periodontal health,
reduced the inflammatory response and MMP-9, SIgA levels, and did not increase the risk of adverse reactions. This suggests good
drug safety and clinical promotion value.
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Introduction

Chronic periodontitis (CP) is an inflammatory disease affecting the tissues surrounding the teeth, primarily involving the
interaction between dental plaque and the host immune system.' When dental plaque accumulates at the gingival margin
and is not adequately removed, bacterial metabolic by-products and toxins can trigger an inflammatory response in the
host immune system, leading to gingival tissue swelling, bleeding, the formation of periodontal pockets, and alveolar
bone resorption.” If left untreated, CP can progress to periodontal disease, and in severe cases, it can lead to tooth
mobility, loss, and even impact systemic health, increasing the risk of chronic diseases such as cardiovascular diseases
and diabetes.’
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Recent studies have identified key biomarkers associated with CP progression, including elevated levels of inflam-
matory mediators (C-reactive protein, TNF-o, IL-1B) and Matrix Metalloproteinase-9 (MMP-9), which contribute to
tissue degradation, as well as reduced Secretory Immunoglobulin A (SIgA) reflecting impaired mucosal immunity.*®
Clinical assessments such as Plaque Index (PLI), Gingival Bleeding Index (GBI), and Periodontal Pocket Depth (PPD)
remain gold standards for evaluating therapeutic outcomes.’

Traditional treatment methods mainly include mechanical debridement and drug therapy. Mechanical debridement
involves cleaning the tooth surface and subgingival scaling to remove dental plaque and calculus, serving as one of the
fundamental treatments for CP.* However, a meta-analysis by Sélzeret al revealed that mechanical debridement alone
achieves only 58% PPD reduction in moderate CP cases, with 32% of patients requiring adjunctive pharmacological
intervention.’

Medications also play a significant role in the treatment of CP, with minocycline hydrochloride being a broad-
spectrum antibiotic with both antibacterial and anti-inflammatory properties, widely used in the treatment of CP.'
Tinidazole, on the other hand, is an antiprotozoal drug with potent antibacterial effects, effectively eliminating bacteria
and parasites in gingival tissues.'' Minocycline hydrochloride has demonstrated significant anti-biofilm effects in CP
treatment, with a randomized trial showing 1.8 mm PPD reduction at 6 months (vs 1.2 mm placebo; p<0.05).'
Conversely, tinidazole exhibits unique efficacy against anaerobic pathogens — a Phase III study reported 73% reduction
in anaerobic bacterial load compared to baseline.'® Notably, synergistic interactions between tetracyclines and nitroimi-
dazoles have been observed in vitro, with combination therapy achieving 99.9% biofilm eradication versus 85% with
monotherapies.'* Despite these findings, clinical evidence remains scarce: a systematic review identified only two small-
scale trials (total n=127) evaluating this combination, highlighting insufficient data on inflammatory biomarker modula-
tion and long-term safety.'

Given these knowledge gaps, we hypothesize that combined minocycline-tinidazole therapy will demonstrate superior
clinical efficacy over conventional approaches through dual mechanisms: 1) enhanced microbial clearance via comple-
mentary antimicrobial spectra, and 2) modulation of host inflammatory responses. To test this hypothesis, we conducted
a retrospective cohort analysis evaluating both standard periodontal parameters (PLI, GBI, PPD) and molecular
biomarkers (CRP, TNF-a, IL-1p, MMP-9, SIgA). The retrospective design was selected to enable analysis of longitudinal
data from a patient cohort (n=93) with 6-month follow-up, addressing the statistical limitations of previous prospective
studies.

Objects and Methods
Study Objects

A retrospective analysis was conducted on the clinical data of 93 patients with chronic periodontitis (CP) admitted to our
hospital from January 2021 to January 2023. Diagnosis of CP followed the 2017 World Workshop Classification
criteria,'® requiring: (O Periodontal pocket depth (PPD) >3 mm with clinical attachment loss (CAL) >2 mm at >2 non-
adjacent teeth; (@) Radiographic evidence of horizontal/vertical bone loss (assessed via periapical X-rays using Planmeca
ProMax®™ 3D unit, exposure parameters: 66 kVp, 8 mA); @) Bleeding on probing (BOP) >30% sites; () Tooth mobility
grade <2 (Miller’s classification).

Inclusion criteria: (1) Patients meeting the above CP diagnostic criteria, with at least 2 affected teeth; (2 Patients
retaining at least 20 teeth in the oral cavity; (3 Patients aged 18 years or older, of any gender; (4) Patients who had not
received any CP-related treatment intervention within the recent month; (5) Patients with stable tooth roots (absence of
root fractures or periapical lesions confirmed radiographically) in the affected area; (6) Patients with complete and
authentic clinical data available for analysis.

Exclusion criteria: (1) Exclusion of those who had received CP-related treatment interventions recently; (2) Exclusion
of those with severe functional impairment of vital organs; (3) Exclusion of those with abnormalities in immune function,
coagulation function, hematopoietic function, etc.; (@) Exclusion of those with malignant tumor diseases; (5) Exclusion of
those with severe infection or bleeding tendencies; (6) Exclusion of those allergic or contraindicated to the drugs or
methods used in this study; (7) Exclusion of those with concomitant cognitive or consciousness disorders; Exclusion
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of current smokers (>5 cigarettes/day) or tobacco users within past 6 months. Based on the treatment interventions
received by the patients, they were divided into a control group (n=46) and an observation group (n=47). All patients
received routine supra-gingival cleaning and subgingival scaling intervention upon admission. Patients in the control
group were treated with minocycline hydrochloride ((Sunstar INC, Japan; H20100244)) on top of the aforementioned
intervention, while patients in the observation group were treated with tinidazole (manufactured by Guangzhou
Baiyunshan Pharmaceutical Group Co., Ltd. Baiyunshan Pharmaceutical Factory, National Drug Approval No.:
H44021435, Specification: 0.5 g/tablet) in addition to the treatment received by the control group patients.

The protocol was approved by the ethics committee of Wuxi Stomatology Hospital. Informed consent was obtained
from all study participants. All the methods were carried out in accordance with the Declaration of Helsinki.

Methods

Mechanical Debridement Protocol: All patients received ultrasonic scaling (EMS Piezon™ Master 700, Switzerland) and
Gracey curettes (Hu-Friedy, USA) for subgingival scaling. Tooth contour modification referred to selective grinding of
traumatic occlusal contacts using Dental Prescale® film (Fuji, Japan). Post-debridement, subgingival irrigation was
performed with alternating 3% H,0; and 0.9% NacCl via blunt cannula (Vista Dental, USA).

Control Group

Both groups were treated for one month. Patients in the control group were treated with minocycline hydrochloride on
top of routine interventions by injecting minocycline hydrochloride ointment (manufactured by Sunstar INC, Japan,
Approval No.: H20100244) into the bottom of the periodontal pockets until slight overflow, once a week.

Observation Group

Patients in the observation group were treated with tinidazole in addition to the treatment received by the control group
patients. The methods of routine intervention and minocycline hydrochloride treatment in the observation group were
consistent with those in the control group, and tinidazole tablets (manufactured by Guangzhou Baiyunshan
Pharmaceutical Group Co., Ltd. Baiyunshan Pharmaceutical Factory, National Drug Approval No.: H44021435,
Specification: 0.5 g/tablet) were orally administered at 1.0 g/dose, once daily.

Outcome Measures

Clinical Treatment Effect

Effective: () Complete resolution of bleeding/pain;(2) PPD reduction >2 mm; (3) Alveolar bone stability (radiographic
bone level change <0.5 mm); Valid: (D >50% reduction in bleeding/pain severity (VAS); 2) PPD reduction 1-2 mm; 3
Bone stability as above; Ineffective: After treatment, there was no significant change or even worsening of clinical
symptoms, inflammation, and X-ray examination results compared to before treatment. The total effective rate of
treatment = (Effective + Valid) cases / Total cases x 100%.

Periodontal Index Levels

The periodontal indices observed in this study included Plaque Index (PLI), Gingival Bleeding Index (GBI), and Periodontal
Pocket Depth (PPD), evaluated before and after treatment. Evaluation criteria are as follows: (1) PLI: Using a probe and
visual examination, inspect the labial, buccal, and lingual surfaces near the gingival margin of the affected teeth. Score 0: No
plaque; 1: Thin plaque visible, not visible to the naked eye but detectable by the probe; 2: Moderate amount of plaque visible,
covering less than 2/3 of the tooth surface; 3: Plaque covering >2/3 of the tooth surface. 2) GBI: Score 0: Gingiva healthy, no
signs of inflammation such as redness or swelling; 1: Slight gingival swelling, slight redness, no bleeding on probing; 2:
Gingival swelling and redness, slight bleeding on probing; 3: Gingival redness, swelling, or ulceration, bleeding upon
probing. (3) PPD: Measured with Williams probe (Hu-Friedy, USA; tip diameter 0.4 mm).

Gingival Crevicular Inflammatory Parameters
Gingival crevicular fluid (GCF) collection and processing: Pre- and post-treatment GCF was collected from the
mesiobuccal and distolingual sulci of the target teeth using sterile Periopaper™ strips (Oraflow, USA). Strips were
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inserted into the sulcus until mild resistance was felt, left in place for 30 seconds, and immediately transferred to 1.5 mL
Eppendorf tubes containing 200 pL phosphate-buffered saline (PBS; Thermo Fisher, USA; Cat 10010023).
Centrifugation protocol: Samples were centrifuged at 3,000 X g for 15 min at 4°C (Centrifuge: Eppendorf 5430R,
Germany) to separate cellular debris. The supernatant after centrifugation was aliquoted and stored at —80°C until
analysis. ELISA quantification: CRP, TNF-a, and IL-1 levels were measured using Human ELISA Kits (R&D Systems,
USA; Cat DCRP00/DY210/DLB50) following manufacturer protocols. Absorbance was read at 450 nm with a BioTek
Synergy H1 microplate reader (Agilent, USA). Inter-assay coefficients of variation (CV): CRP <8%, TNF-a <7%, IL-1B
<9% (verified through three independent experiments).

Matrix Metalloproteinase-9 (MMP-9) and Secretory Immunoglobulin A (SIgA) Levels

GCF collection: As described in Results, with duplicate strips collected for MMP-9/SIgA analysis. Sample preparation:
supernatant after centrifugation (200 pL) was treated with Protease Inhibitor Cocktail (Sigma-Aldrich, USA; Cat P8340)
at 1:100 dilution. Assay methodology: MMP-9 was quantified using the Human MMP-9 Quantikine ELISA Kit (Abcam,
UK; Cat ab219372) with a detection range of 0.156—10 ng/mL. SIgA was measured via the Human SIgA ELISA Kit
(Abcam, UK; Cat ab213968) with a detection range of 1.56—100 pg/mL. Quality control: Each plate included manu-
facturer-provided standards and internal controls (CV <10%). Data normalization: Analyte concentrations were normal-
ized to total protein content measured by BCA Assay (Pierce, USA; Cat 23225).

Incidence of Adverse Reactions

Adverse reactions observed in this study included dizziness, headache, nausea, vomiting, insomnia, dizziness, skin
reactions, gastrointestinal reactions, etc. The occurrence of the above adverse reactions was uniformly recorded by
relevant medical staff in our hospital. Monitored via CTCAE v5.0 criteria.'”

Statistical Analysis

GraphPad Prism 8 was used for graphing, and SPSS 22.0 was used for data analysis. Continuous data were described
using (X + s) and analyzed using the ¢-test; categorical data were described using n (%) and analyzed using the chi-square
test. P < 0.05 was considered statistically significant.

Results

Baseline Characteristics
Comparison The baseline characteristics of the two groups of patients were comparable, with no significant differences
observed in the comparison (P > 0.05). Refer to Table 1 for details.

Comparison of Clinical Treatment Effects
The total effective rate of treatment in the observation group (91.49%) was significantly higher than that in the control
group (73.91%) (P < 0.05). Refer to Table 2 for details.

Table | Baseline Characteristics Comparison [x =+ s n(%)]

Control (n=46) | Observation (n=47) | t/x* P
Gender - - 0.261 | 0.609
Male 24 (52.17) 27 (57.45) - -
Female 22 (47.83) 20 (42.55) - -
Age (years) 45.68+7.85 45.7247.91 0.024 | 0.980
Severity - - 0.130 | 0.717
Mild 15 (32.61) 17 (36.17) - -
Moderate 23 (50.00) 21 (44.68) - -
Severe 8 (17.39) 9 (19.15) - -
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Table 2 Comparison of Clinical Treatment Effects [n (%)]

Group n | Remarkable Improvement | Effective | Ineffective | Total Effective Rate
Control 46 10 (21.74) 24 (52.17) | 12 (26.09) 34 (73.91)
Observation | 47 18 (38.30) 25 (53.19) 4 (8.51) 43 (91.49)

x2 - - - - 5.041

P - - - - 0.024

Comparison of Periodontal Index Levels

As shown in Figure 1, the levels of PLI, GBI, and PPD in both groups of patients decreased significantly after treatment
compared to before treatment, and the levels of PLI, GBI, and PPD in the observation group were significantly lower
than those in the control group (P < 0.05).

Comparison of Inflammatory Factor Index Levels

As shown in Figure 2, the levels of CRP, TNF-a, and IL-1pB in both groups of patients decreased significantly after
treatment compared to before treatment, and the levels of CRP, TNF-a, and IL-1p in the observation group were
significantly lower than those in the control group (P < 0.05).

Comparison of MMP-9 and SIgA Levels

As shown in Figure 3, the levels of MMP-9 and SIgA in both groups of patients decreased significantly after treatment
compared to before treatment, and the levels of MMP-9 and SIgA in the observation group were significantly lower than
those in the control group (P < 0.05).

Comparison of Adverse Reactions
There is no significant difference in the incidence of adverse reactions between the two groups of patients (P > 0.05). See
Table 3 for details.
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Figure | Comparison of Periodontal Index Levels (¥ £ s).
Note: Compared to before treatment, *P < 0.05; between groups, #P < 0.05.
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Figure 2 Comparison of Inflammatory Factor Index Levels (x £ s).
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Figure 3 Comparison of MMP-9 and SIgA Levels (¥ £ s).
Note: Compared to before treatment, *P < 0.05; between groups, #P < 0.05.

Discussion
CP is not only a common oral disease but also considered a window to systemic health. Studies'® have shown that CP is

closely associated with various systemic health problems, including cardiovascular diseases, diabetes, preterm birth, and
low birth weight infants. This is because the gingival inflammation caused by CP can lead to the destruction of gingival
tissue, allowing oral bacteria and their toxins to enter the bloodstream, thereby triggering systemic inflammation and
affecting the health of other organs. Therefore, actively treating CP is crucial for maintaining oral health, preventing

Table 3 Comparison of Adverse Reactions [n (%)]

Adverse Reactions Control (n=46) | Observation (n=47) x? P
Dizziness/Headache 1 (2.17) 2 (4.26) - -
Nausea/Vomiting 2 (4.35) I (2.13) - -
Insomnia/Dizziness 1 (2.17) 2 (4.26) - -
Skin Reaction 1 (2.17) I (2.13) - -
Gastrointestinal Reaction 0 (0.00) 1 (2.13) - -
Total Incidence 5 (10.87) 7 (14.89) 0.335 | 0.562

4646 https: Journal of Inflammation Research 2025:18



Wu et al

tooth loss, and reducing systemic health risks. Historically, the main treatment for CP in clinical practice has been
mechanical cleaning, which involves dental professionals using ultrasonic or manual tools to remove dental plaque and
calculus, thereby helping patients improve oral function.'” However, due to the complex and varied morphology of
periodontal pockets and tooth roots, mechanical cleaning often cannot completely remove dental plaque and calculus.
Moreover, this method also fails to control anaerobic bacteria in periodontal pockets, resulting in overall unsatisfactory
effects in CP treatment. In recent years, with the deepening of clinical research on CP, some studies*® have attempted to
use local sustained-release drugs for CP treatment. Minocycline hydrochloride ointment is one of the commonly used
local sustained-release drugs. As a broad-spectrum antibiotic, it can effectively inhibit bacterial growth and reproduction
without being affected by food, thus demonstrating high safety.”' However, research’” has found that the use of
minocycline hydrochloride alone, while effective in inhibiting the activity of anaerobic bacteria and improving period-
ontal inflammation, is relatively weak in blocking bacterial DNA transcription. It struggles to completely address the
rapid reproduction and spread of stubborn anaerobic bacteria, resulting in slow efficacy and inadequate outcomes.
Therefore, seeking more effective treatment strategies to improve patient outcomes has become an urgent need in the
current treatment of periodontal diseases.

In recent years, the combined use of multiple drugs has become a research hotspot for improving the treatment
efficacy of CP. The results of this study showed that the total effective rate of treatment in the observation group
(91.49%) was significantly higher than that in the control group (73.91%). The levels of PLI, GBI, and PPD in the
observation group after treatment were significantly lower than those in the control group, and there was no significant
difference in the incidence of adverse reactions between the two groups. These research findings are consistent with

previous related studies,***

indicating that the combination of tinidazole with minocycline hydrochloride can further
enhance the efficacy of CP treatment, improve oral health-related indicators in patients, and does not increase the risk of
adverse drug reactions in patients. The observed synergistic effect likely stems from complementary antimicrobial
targeting. Minocycline hydrochloride, as a tetracycline derivative, inhibits bacterial protein synthesis by binding to the
30S ribosomal subunit.>> In contrast, tinidazole’s nitroimidazole structure generates free radicals that disrupt DNA helix
stability in anaerobic pathogens.?® Crucially, our findings align with Thilagar et al (2023)*” who demonstrated in vitro
that this combination reduces biofilm metabolic activity by 89% versus 67% with monotherapies, through dual inhibition
of quorum sensing (lasR gene) and efflux pump (mexB gene) expression. However, studies’® have confirmed that
excessive use of tinidazole can easily lead to a series of adverse reactions such as headaches, dizziness, nausea, etc.

Therefore, clinicians should master the indications for use during clinical practice and minimize the dosage of the
drug as much as possible while ensuring efficacy.

CP patients generally exhibit varying degrees of inflammatory reactions, which, as the condition progresses, can lead to the
entry of CRP, TNF-a, and IL-1B from gingival crevicular fluid into the patient’s bloodstream, affecting the development of the
disease.” Inflammatory stimuli can prompt the body to release large amounts of free radicals, resulting in varying degrees of
oxidative stress reactions. The accumulation of oxygen free radicals damages the small blood vessels in the gingival tissues,
increasing the susceptibility of the patient’s periodontal tissues, reducing immunity, promoting invasion by anaerobic bacteria and
toxins. The extensive generation of oxygen free radicals can activate osteoclasts, inhibit the activity of osteoblasts, destroy
periodontal tissues, and have a significant impact on the repair of periodontal tissues.>® The results of this study show that the
levels of CRP, TNF-q, and IL-1p in both groups of patients decreased significantly after treatment compared to before treatment.
Furthermore, the levels of CRP, TNF-q, and IL-1f in the observation group were significantly lower than those in the control
group. These results suggest that the combination of minocycline hydrochloride and Tinidazole can effectively reduce the levels of
inflammatory factors in CP patients. The reason for this may be that minocycline hydrochloride can eliminate oxygen free
radicals, alleviate oxidative stress reactions in the body, and relieve clinical symptoms. Additionally, both minocycline hydro-
chloride and Tinidazole have potent antibacterial effects. Their combined use can better inhibit pathogenic bacteria in periodontal
pockets, reduce stimulation to periodontal tissues, decrease the release of inflammatory factors and oxidative stress reactions,
thereby alleviating inflammation damage to periodontal tissues.

MMP-9 is a member of the matrix metalloproteinase family that participates in the destruction of periodontal tissues by acting
on denatured collagenase and affecting fibronectin and elastase.®’ After inflammatory reactions occur in periodontal tissues,
multinucleated cells and osteoclasts can produce MMP-9. MMP-9 expression is observed in both CP and aggressive periodontitis
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(AP), and its expression level is closely related to the development of the patient’s condition.** SIgA is a glycoprotein that exists
widely in human secretions in the form of dimers. It is synthesized by local epithelial cells of mucous membranes and plays an
important role in the body’s anti-infection mechanisms.*® In CP patients, the proportions of T and B lymphocytes are in a state of
imbalance, which can reduce the body’s immune function, promote infections, stimulate immune responses in oral mucosa,
increase SIgA secretion, and play a protective role in the oral cavity.** The results of this study show that the levels of MMP-9 and
SIgA in both groups of patients decreased significantly after treatment compared to before treatment. Additionally, the levels of
MMP-9 and SIgA in the observation group were significantly lower than those in the control group, indicating that the
combination therapy of minocycline hydrochloride ointment and Tinidazole further reduced the expression levels of MMP-9
and SIgA. The reason for this may be related to the correction of patient’s inflammatory response and the restoration of normal
immune function with the combined use of the two drugs, but the specific mechanism is not yet fully understood.

It is worth noting that although this study has achieved some positive results in analyzing the clinical efficacy of minocycline
hydrochloride combined with Tinidazole in the treatment of CP, there are still some limitations in the study itself, such as: (D)
Small sample size: The sample size included in this study is relatively small, which may affect the reliability and generalizability
of the study. Additionally, a small sample size may limit the statistical significance of certain results, leading to bias. 2
Limitations of study design: This study is a retrospective analysis, which may involve potential information bias and treatment
selection bias. Randomized controlled trials (RCTs) or prospective study designs may be more convincing. (3) Single-center
study: This study was conducted in a single hospital, which may limit the external validity of the study. Differences between
different medical institutions may affect the generalizability of the study results. () Inadequate consideration of individual
differences in patients: This study did not deeply consider individual differences in patients, such as their lifestyle habits, baseline
health conditions, etc., which may have some impact on treatment outcomes. In summary, although this study has presented some
beneficial results, there are also some shortcomings that need to be addressed. In future research, we will strive to address these
deficiencies by increasing the sample size, improving the study design, and strengthening consideration of potential influencing
factors, to make the research results more reliable and comprehensive.

Conclusion

The clinical efficacy of minocycline hydrochloride combined with Tinidazole in the treatment of CP patients is
significant. Compared to minocycline hydrochloride alone, the combination with Tinidazole can further improve the
periodontal health of patients, reduce the inflammatory response, and levels of MMP-9 and SIgA. Furthermore, the
combined use of Tinidazole did not increase the risk of adverse reactions in patients, indicating ideal drug safety and
worth clinical promotion and application.
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