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Abstract
Objective: To evaluate the effect of tea polyphenols on postoperative sinus
tract healing in radiation-induced osteomyelitis of the jaw using cone-beam CT
and fistulography.

Methods: Thirty patients with postoperative radiation-induced osteomyelitis
of the jaw with oral mucosal sinus tracts were enrolled and randomly divided
into 2 groups of 15 patients each. The sinus tracts were treated with daily local
irrigation and mouth rinsing using either compound tea polyphenol mouthwash
(experimental group) or normal saline (control group). Cone-beam CT fistulog-
raphy was performed every 3 weeks to calculate changes in sinus tract volume.
The MTT assay was used to detect the effect of tea polyphenols on the prolifer-
ation of a human immortalized oral mucosal epithelial cell line.

Results: After 12 weeks of treatment, the experimental group showed supe-
rior sinus tract reduction compared to the control group (5.40±4.15 cm³ vs
8.12±5.47 cm³), with statistical significance (F=4.384, P=0.043). The CCK-8
assay revealed that after treatment with 120 mg/L tea polyphenols, the pro-
liferation rate of the human immortalized oral mucosal epithelial cell line was
higher than that of the untreated control group (0.162±0.030 vs 0.075±0.017),
with statistical significance (F=5.783, P=0.017).

Conclusion: Tea polyphenols may accelerate healing of postoperative sinus
tracts in radiation-induced osteomyelitis of the jaw by promoting proliferation
of oral mucosal epithelial cells.
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Abstract
Objective: To evaluate the effect of tea polyphenols on sinus healing in post-
operative radioactive osteomyelitis of the jaws (ORN) through cone beam CT
and sinus tractography. Methods: Thirty ORN patients with post-operative
oral mucosal sinus tracts were collected and randomly divided into two groups
(n=15 each). Sinus tracts were irrigated and gargled daily with either com-
pound tea polyphenol mouthwash (experimental group) or normal saline (con-
trol group). Cone beam CT sinus tractography was performed every three
weeks to calculate sinus volume changes. The MTT assay was used to de-
tect the effect of tea polyphenols on the proliferation of a human immortal-
ized oral mucosal epithelial cell line. Results: After 12 weeks of treatment,
sinus reduction in the experimental group was superior to that in the control
group (5.40±4.15 cm³ vs. 8.12±5.47 cm³), with statistically significant difference
(F=4.384, P=0.043). CCK-8 assay revealed that treatment with 120 mg/L tea
polyphenols resulted in a higher proliferation rate of human immortalized oral
mucosal epithelial cells compared with the untreated control group (0.162±0.030
vs. 0.075±0.017), which was statistically significant (F=5.783, P=0.017). Con-
clusion: Tea polyphenols may accelerate the healing of post-operative sinus
tracts in ORN by promoting oral mucosal epithelial proliferation.

Keywords: tea polyphenols; radioactive osteomyelitis of the jaws; sinus tract;
epithelial cells; proliferation

Introduction
Radioactive osteomyelitis of the jaws is a common oral complication follow-
ing radiotherapy for head and neck malignant tumors [1]. After radiation, the
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jawbone exists in a “three-low”state characterized by hypoxia, low vascular
structure, and low cellular activity, making it prone to aseptic necrosis and sec-
ondary bacterial infection that leads to osteomyelitis [2]. Previous studies have
demonstrated that tea polyphenols possess protective effects against radiation-
induced diseases [3] along with antioxidant and anti-infective pharmacological
properties [4-5]. The main component of tea polyphenols is catechin (a flavan-3-
ol derivative) [6], which exhibits proliferative effects on certain somatic cells. He
et al. [7] found that tea polyphenols could promote the in vitro proliferation of
periodontal ligament fibroblasts, though no relevant studies have investigated
their effects on oral mucosal epithelium. This led to the hypothesis that tea
polyphenols might accelerate the healing of post-operative mucosal sinus tracts
in radioactive osteomyelitis by promoting oral mucosal epithelial cell prolifer-
ation. The present study investigated this effect by comparing sinus volume
changes in post-operative ORN patients and assessing the proliferative capac-
ity of a human immortalized oral mucosal epithelial cell line (NOK), providing
experimental evidence for adjuvant therapy in radioactive osteomyelitis.

1.1 Study Subjects

Thirty patients with radioactive osteomyelitis of the jaws admitted to Longmen
County People’s Hospital, Huizhou, between January 2013 and June 2016 were
enrolled. Using a 1:1 case-control design, patients were randomly allocated
to experimental and control groups through sequentially numbered, opaque,
sealed envelopes. This study was approved by the hospital ethics committee
and conducted with informed consent from all participants.

1.1.1 Inclusion Criteria

1. History of head and neck tumor radiotherapy

2. Diagnosis of radioactive osteomyelitis based on clinical and imaging
manifestations, using Harris’s criteria [8]: “irradiated jawbone loses
vitality, becomes exposed beneath the overlying skin or mucosa, persists
for more than three months without healing, and shows no local tumor
formation”

3. Formation of oral mucosal sinus tracts with delayed wound healing after
conventional surgical treatment (including curettage, jaw resection, etc.),
without internal-external fistula communication

1.1.2 Exclusion Criteria

1. Bone destruction caused by other diseases such as tumors or
bisphosphonate-related osteonecrosis [9]
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2. Residual osteomyelitis lesions or sequestrum confirmed by postoperative
imaging

3. Pregnant or lactating women

4. Severe cardiovascular disease or hepatic/renal insufficiency

1.1.3 Dropout Criteria

1. Allergic reactions or severe adverse effects to study medications

2. Non-compliance or incomplete treatment for various reasons

3. Development of severe illness during treatment preventing continuation

4. Cases completing less than half the treatment course were excluded from
statistical analysis

Based on these criteria, 30 cases were enrolled and single-blind randomly di-
vided into experimental and control groups (15 cases each). One patient in the
control group withdrew at week 9 for further treatment elsewhere, and two pa-
tients in the experimental group discontinued treatment due to personal reasons.
All three cases had completed more than half the planned treatment and were
included in the statistical analysis. Comparison of baseline data showed no sta-
tistically significant differences between groups in age, gender, radiation dose,
lesion location, or surgical approach, indicating relatively consistent distribution
(Table 1 ).

1.2 Treatment Protocol and Sinus Volume Measurement

Experimental group patients received outpatient treatment every other day,
with tea polyphenol mouthwash irrigation of unhealed sinus tracts and instruc-
tion to gargle with tea polyphenol mouthwash twice daily for 3 minutes each
time. The control group received saline irrigation and gargling. Sinus volume
was measured every three weeks as follows: meglumine diatrizoate was injected
into the sinus tract until filled, the sinus opening was sealed with medical hy-
drogel dressing, and cone beam CT imaging was performed using Pax-Uni3D
(Vatech, Korea) at 110 kV, 2.0 mA, with 3.6 s exposure time by an experienced
radiologist following manufacturer protocols. Following He et al. [10], images
were reconstructed three-dimensionally using Ez3D plus software (Vatech, Ko-
rea) with maximum intensity projection algorithm. DICOM data were imported
into Mimics 14.1 software for three-dimensional volume calculation.

1.3 Cell Culture Experiments

1.3.1 Oral Mucosal Epithelial Cell Culture The NOK cell line was pur-
chased from Shanghai Zhonghua Biotechnology Co., Ltd. Cells were cultured in
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RPMI 1640 complete medium with 10% FBS at 37 °C in 5% CO�.

1.3.2 Reagents and Instruments Tea polyphenols (98% purity) from
Jiangxi Lükang Natural Products Co., Ltd.; CCK-8 from Dojindo Chemical,
Japan; RPMI 1640 medium and fetal bovine serum from Gibco, USA; M200
automatic microplate reader from Tecan, Switzerland.

1.3.3 CCK-8 Assay for Relative Cell Growth Rate Logarithmic-phase
NOK cells were seeded in 96-well plates at 4×10� cells/well. After cells covered
the well bottom, the original medium was removed. The experimental group
received complete medium containing 120 mg/L tea polyphenols, while the con-
trol group received polyphenol-free medium. Daily, 10 �L CCK-8 solution was
added to 8 wells, incubated for 4 hours, and absorbance (OD) at 450 nm was
measured to generate a 1-5 day growth curve.

1.4 Statistical Analysis

SPSS 23.0 software was used for statistical analysis. Measurement data were
expressed as mean ± standard deviation. The Mann-Whitney nonparametric
rank-sum test compared baseline data consistency between groups. Repeated
measures ANOVA analyzed sinus volume changes and NOK cell growth curves.
All tests were two-tailed with P<0.05 considered statistically significant.

Results
2.1 Sinus Volume Changes

Cone beam CT-based sinus tractography reconstructed images with clear con-
tour boundaries and enabled precise sinus volume calculation (Figure 1 [Figure
1: see original paper]). After local irrigation and oral care, both groups showed
varying degrees of sinus volume reduction over time (Figure 2 [Figure 2: see
original paper]). At 12 weeks post-treatment, the experimental group demon-
strated significantly smaller sinus volume than the control group (5.40±4.15 cm³
vs. 8.12±5.47 cm³), with statistically significant intergroup difference (F=4.063,
P=0.033).

2.2 NOK Cell Growth Curve

NOK cells cultured with tea polyphenols (experimental group) showed higher
absorbance after 5 days compared with control cells in normal medium
(0.162±0.030 vs. 0.075±0.017), indicating greater proliferation rate (Figure
3 [Figure 3: see original paper]). The difference was statistically significant
(F=5.783, P=0.017), suggesting tea polyphenols promote NOK cell growth.
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Discussion
The primary treatment for radioactive osteomyelitis of the jaws involves sur-
gical removal of necrotic bone and diseased soft tissue to achieve radical cure
[11]. However, fibrous atrophy or fibrosis of irradiated tissues results in reduced
proliferative, anti-infective, and metabolic capacities compared with normal tis-
sue, potentially leading to poor wound healing and secondary sinus tract for-
mation postoperatively [12]. Accurate localization and volume measurement
of sinus tracts provide important references for subsequent treatment. In oral
and maxillofacial regions, sinus tractography via injection of contrast agents
(such as iohexol, iodized oil, or meglumine diatrizoate) followed by X-ray imag-
ing is commonly used for preoperative evaluation of branchial cleft cysts and
thyroglossal duct cysts [13-14]. This study employed the water-soluble ionic
monomer meglumine diatrizoate, which offers better flow characteristics than
oily contrast agents and can be easily removed through routine sinus irrigation
afterward. Unlike sinus tracts with cutaneous openings, the cases in this study
had intraoral openings that were wide and prone to contrast agent overflow;
therefore, alginate hydrogel dressing with good adhesion and biocompatibility
[15] was used to seal the sinus openings.

Sinus tract treatment includes surgical and conservative approaches. Large de-
fects are typically repaired with tissue flap transfer [16], while smaller fistulas are
managed through local irrigation to maintain hygiene, reduce secondary infec-
tion, and promote epithelial and granulation tissue growth for eventual healing.
This study found that irrigation with tea polyphenol mouthwash produced ideal
adjuvant therapeutic effects, with significantly greater sinus volume reduction
compared with the control group, accelerating wound healing. To elucidate the
underlying mechanism, we examined the effects of tea polyphenols on epithelial
cell proliferation in vitro. Under culture conditions, tea polyphenols exhibit
differential effects on epithelial-derived cells—inducing apoptosis in tumor cells
[17-18] while promoting proliferation in normal epithelial cells. Hsu et al. [18]
demonstrated that tea polyphenols promote proliferation and differentiation of
keratinocytes. Our results similarly showed that human immortalized oral mu-
cosal epithelial cells exhibited strong proliferative capacity when induced with
120 mg/L tea polyphenols, suggesting that tea polyphenols may accelerate sinus
healing by promoting epithelial cell proliferation.

Furthermore, sinus tracts exposed to the oral cavity are often complicated by
bacterial infection, which may impair wound healing. Common pathogens in ra-
dioactive osteomyelitis include Staphylococcus aureus and Pseudomonas aerug-
inosa [19]. Qian et al. [20] verified the antibacterial effects of tea polyphenols
against these organisms, suggesting that local application of tea polyphenol
mouthwash may inhibit these bacteria in sinus tracts and reduce secondary
infection, though this hypothesis requires further experimental verification.

In summary, this study utilized cone beam CT-based sinus tractography to
localize and measure post-operative sinus tracts in ORN patients, demonstrating
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that tea polyphenols may accelerate sinus healing by promoting oral mucosal
epithelial cell proliferation.

References
1. Liao W, Wang JG, Zhou NG, et al. Clinical study on the effect of whole-

course intervention by stomatologists on radiotherapy complications in
head and neck malignant tumors. Guangdong Journal of Stomatology,
2016, 24(4): 227-30.

2. He YB, Liu Z, Tian ZC, et al. Retrospective analysis of osteoradionecro-
sis of the mandible: proposing a novel clinical classification and staging
system. International Journal of Oral and Maxillofacial Surgery, 2015,
44(12): 1547-57.

3. Peng Z, Xu ZW, Wen WS, et al. Protective effect of tea polyphenols on
irradiated submandibular glands. Chinese Archives of Otolaryngology-
Head and Neck Surgery, 2010, 17(2): 99-105.

4. Cong L, Cao C, Cheng Y, et al. Green tea polyphenols attenuated
glutamate excitotoxicity via antioxidative and antiapoptotic pathway in
the primary cultured cortical neurons. Oxidative Medicine and Cellular
Longevity, 2016, 20(6): 205-11.

5. Zhou Y, Tang J, Du Y, et al. The green tea polyphenol EGCG potentiates
the antiproliferative activity of sunitinib in human cancer cells. Tumor
Biology, 2016, 37(7): 8555-66.

6. Hsu S, Bollag WB, Lewis J, et al. Green tea polyphenols induce differen-
tiation and proliferation in epidermal keratinocytes. Journal of Pharma-
cology and Experimental Therapeutics, 2003, 306(1): 29-34.

7. He QM, Liu JG, Xu RZ. Effect of tea polyphenols on proliferation of hu-
man periodontal ligament fibroblasts. Journal of Southern Medical Uni-
versity, 2008, 28(8): 1409-11.

8. Harris M. The conservative management of osteoradionecrosis of the
mandible with ultrasound therapy. British Journal of Oral and
Maxillofacial Surgery, 1992, 30(5): 313-8.

9. Wu YL, Zhao XP, Yan LJ, et al. Clinical study on bisphosphonate-related
osteonecrosis of the jaw. Journal of Oral Diseases and Prevention, 2017,
25(1): 31-6.

10. He JQ, Ouyang KX, Wang CJ, et al. Application of cone beam CT in
evaluating alveolar cleft bone defect volume. Journal of Oral Diseases
and Prevention, 2016, 24(5): 293-6.

chinarxiv.org/items/chinaxiv-201712.00048 Machine Translation

https://chinarxiv.org/items/chinaxiv-201712.00048


11. Shaw RJ, Dhanda J. Hyperbaric oxygen in the management of late radi-
ation injury to the head and neck. Part I: treatment. British Journal of
Oral and Maxillofacial Surgery, 2011, 49(1): 2-8.

12. Delanian S, Depondt J, Lefaix JL. Major healing of refractory mandible os-
teoradionecrosis after treatment combining pentoxifylline and tocopherol:
a phase II trial. Head & Neck, 2005, 27(2): 114-23.

13. Sun Z, Fu K, Zhang Z, et al. Multidetector computerized tomographic
fistulography in the evaluation of congenital branchial cleft fistulae and
sinuses. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology,
2012, 113(5): 688-94.

14. Ranga U, Aiyappan SK, Veeraiyan S. Computed tomography fistulogra-
phy demonstrating thyroglossal fistula: a case report. Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology, 2012, 114(3): e48-50.

15. Ozaki CK, Hamdan AD, Barshes NR, et al. The prospective, random-
ized, multi-institutional clinical trial of a silver alginate dressing to reduce
lower extremity vascular surgery wound complications. Journal of Vascu-
lar Surgery, 2015, 61(2): 419-27.

16. Nguyen MT, Billington A, Habal MB. Osteoradionecrosis of the skull after
radiation therapy for invasive carcinoma. Journal of Craniofacial Surgery,
2011, 22(5): 1677-81.

17. Izdebska M, Klimaszewska WA, Hałas M, et al. Green tea extract induces
protective autophagy in A549 non-small lung cancer cell line. Postępy
Higieny i Medycyny Doświadczalnej, 2015, 69(11): 1478-84.

18. Hsu S, Bollag WB, Lewis J, et al. Green tea polyphenols induce differen-
tiation and proliferation in epidermal keratinocytes. Journal of Pharma-
cology and Experimental Therapeutics, 2003, 306(1): 29-34.

19. Marx RE. A new concept in the treatment of osteoradionecrosis. Journal
of Oral and Maxillofacial Surgery, 1983, 41(6): 351-7.

20. Qian LH, Tao Y, Xie J. Antibacterial mechanism of tea polyphenols
against Staphylococcus aureus and Pseudomonas aeruginosa. Microbiol-
ogy China, 2010, 37(11): 1628-33.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201712.00048 Machine Translation

https://chinarxiv.org/items/chinaxiv-201712.00048

	Cone-beam CT Evaluation of Tea Polyphenols on Postoperative Sinus Tract Healing in Radiation-Induced Osteomyelitis of the Jaw: A Postprint
	Abstract
	Full Text
	Preamble
	Abstract
	Introduction
	1.1 Study Subjects
	1.2 Treatment Protocol and Sinus Volume Measurement
	1.3 Cell Culture Experiments
	1.4 Statistical Analysis

	Results
	2.1 Sinus Volume Changes
	2.2 NOK Cell Growth Curve

	Discussion
	References


