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PROGRAM	
 
January 15 (Sat) 
 

10:00-10:30  Opening Ceremony 

  Dean and Professor Nobuhiro TAKAHASHI 
   Graduate School of Dentistry, Tohoku University, Japan 

Executive vice-president Keiichi SASAKI 
     Tohoku University, Japan 

Dean and Professor Chuan-Bin GUO 
                         School of Stomatology, Peking University, China 

Dean and Professor Ho-Beom Kwon 
                    School of Dentistry, Seoul National University, Korea 

Dean and Professor Pornchai Jansisyanont 
                    Faculty of Dentistry, Chulalongkorn University, Thailand 
 
 
10:30-12:00  Keynote I: CAMPUS Asia Plus 

Chairpersons: Professor Guang HONG 
Graduate School of Dentistry, Tohoku University, Japan  
 

K1-1 Multimodal Education at Tohoku University Graduate School of Dentistry 
Professor Guang HONG 

Graduate School of Dentistry, Tohoku University, Sendai, Japan 
 

K1-2 Current status of education and research at PKU-SS 
Professor Chuan-Bin GUO 

School of Stomatology, Peking University, Beijing, China 
 

K1-3 A brief 100 year history of SNUSD and future perspectives 
Professor Gehoon CHUNG 

School of Dentistry, Seoul National University, Seoul, Korea 
 

K1-4 Innovation-Driven Dental Education: Our challenge and chance 
Professor Jie-Fei Shen 

West China School of Stomatology, Sichuan University, Chengdu, China 
 

K1-5	Introduction of the CAMPUS Asia programs in Yonsei University 
Professor Jung-Seok LEE 

College of Dentistry, Yonsei University, Seoul, Korea 
 

K1-6 Innovative Dental Curriculum Structures: Moving Toward Global Dental Workforce 



 
 

 Professor Pornchai Jansisyanont 
Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand 
 

K1-7  Integrating Interprofessional Education and Practice in Dental Education: 

Universitas Indonesia Experience 

 Professor Melissa Adiatman 
Faculty of Dentistry, Universitas Indonesia, Jakarta, Indonesia 
 
 

12:20-13:20  e-Poster Session I 
 Chairpersons of P1-1~P1-12: Dr. Shigeki SUZUKI 

Chairpersons of P2-1~P2-12: Dr. Atsuhiro NAGASAKI 

 Chairpersons of P3-1~P3-12: Dr. Masatoshi TAKAHASHI 
Chairpersons of P4-1~P4-12: Dr. Ryuji SHIGEMITSU 

Chairpersons of P5-1~P5-12: Dr. Phoonsuk LIMRAKSASIN 

        Graduate School of Dentistry, Tohoku University, Japan 
 
 
13:20-14:00  Lunch Break 
 
 
14:00-15:00  Symposium I: Young Researchers Invited Lecture 
 Chairpersons: Associate Professor Masahiro YAMADA 
        Graduate School of Dentistry, Tohoku University, Japan 
 

S1-1 Coriander Vs Candida, a new regimen for oral candidiasis treatment 

Dr Kittipong Laosuwan 
               Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand 

 
S1-2 The identification and regulation of skeletal-related mesenchymal stem cells in bone 

development and homeostasis 

Dr. Yu SHI 
West China School of Stomatology, Sichuan University, Chengdu, China 
 

S1-3 Dispersion of aerosols and droplets in different dental procedures 
Dr. Jun WATANABE 

Graduate School of Dentistry, Tohoku University, Sendai, Japan 
 

 
15:00-16:30  Keynote II: Shoku-gaku Research 
 Chairpersons: Professor Hiroyasu KANETAKA 
        Graduate School of Dentistry, Tohoku University, Japan 



 
 

K2-1 Shoku-gaku: Transdisciplinary Science of Eating, Food, and Nutrition 
– Promoting lifelong health and wellbeing through right eating and right food – 

Professor Nobuhiro TAKAHASHI 
               Graduate School of Dentistry, Tohoku University, Sendai, Japan 
 
K2-2 The novel visualization and evaluation methods for swallowing process and dynamic 

food bolus properties 
Dr. Tetsu KAMIYA 

NAGASE & Co., Ltd., Tokyo, Japan 
 

K2-3 Chemical biology of bioactive molecules 
Professor Minoru ISHIKAWA 

Graduate School of Life Science, Tohoku University, Sendai, Japan 
 

K2-4 New challenges in geriatric dentistry: Prescribing food with appropriate physical 
properties for older adults with difficulty eating 

Dr. Yasue TANAKA 
Graduate School of Dentistry, Tohoku University, Sendai, Japan 

 
 
16:30-17:40  Keynote III: Bigdata Analysis in Health and Social Science 
 Chairpersons: Professor Ken OSAKA 
        Graduate School of Dentistry, Tohoku University, Japan 
 

K3-1 Sociocultural context and oral health in Thailand 
Dr. Piyachat Patcharanuchat 

               Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand 
 
K3-2 The results of cohort studies of a highly generalizable population and nationwide big 

data studies, and the future of epidemiological research using real-world data 
Dr. Kenji TAKEUCHI 

Graduate School of Dentistry, Tohoku University, Sendai, Japan 
 

K3-3 Integrating Oral Health Care Transformation and Health Services Research 
Dr. Teoh Khim Hean 

National Dental Research Centre Singapore, Singapore 
  



 
 

January 16 (Sun) 
 
10:00-11:30    Keynote IV: Biological Interface-Microbiome 

Chairperson: Professor Nobuhiro TAKAHASHI 
Graduate School of Dentistry, Tohoku University, Japan 

      
K4-1 Oral Microbiome-Beyond Bacteria 

Professor Xue-Song HE 
               The Forsyth Institute, Boston, USA 
 
K4-2 Metabolic functions of the oral microbiome: How does the oral microbiome function 

and contribute to our health? 
Dr Jumpei WASHIO 

Graduate School of Dentistry, Tohoku University, Sendai, Japan 
 

K4-3 Oral Microbiome-systemic Link: Current Limitations and Future Artificial 
Intelligence-based Approaches 

Dr Jaya Seneviratne 
National Dental Research Institute Singapore, Singapore 
 

K4-4 The twists and turns of periodontal disease: etiological insights and a novel 
treatment approach 

Professor Rory Watt 
  Faculty of Dentistry, The University of Hong Kong, Hong Kong, China 

 
 
11:30-12:40    Keynote V: Periodontium-the Biological interface between 

Periodontal Regeneration and Periodontal Repair 
Chairperson: Professor Minoru WAKAMORI 

Graduate School of Dentistry, Tohoku University, Japan 
 

K5-1 Wnt5a, released from mechanically stimulated periodontal ligament cells, promotes 
neurite elongation and branching in peripheral neurons 

Professor Minoru WAKAMORI 
               Graduate School of Dentistry, Tohoku University, Sendai, Japan 

 
K5-2 Mechanical force and the control of periodontal ligament cell behaviors 

Professor Thanaphum Osathanon 
Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand 

 
 



 
 

K5-3 Root Cementum, the Biological Interface between Periodontal Regeneration and 
Periodontal Repair 

Professor Axel Spahr 
School of Dentistry, The University of Sydney, Sydney, Australia 

 
 
12:40-13:10  Lunch Break 
 
 
13:10-14:30  e-Poster Session II 
 Chairpersons of P6-1~P6-12: Dr. Kunimichi NIIBE 

Chairpersons of P7-1~P7-12: Dr. Yoshio YAHATA 
 Chairpersons of P8-1~P8-13: Dr. Hiroko OKAWA 

Chairpersons of P9-1~P9-13: Dr. Lu SUN 
Chairpersons of P10-1~P10-12: Dr. Tadasu SATO 

        Graduate School of Dentistry, Tohoku University, Japan 
 
 
14:30-15:30  Symposium II: Young Researchers Invited Lecture 
 Chairpersons: Associate Professor Takashi NAKAMURA 
         Graduate School of Dentistry, Tohoku University, Japan 

 
S2-1 Digital approach to Orthodontics: Research and Treatment 

Professor Kyung-Min LEE 
School of Dentistry, Chonnam National University, Gwangju, Korea 

 
S2-2 Occlusal disharmony, a potential factor for promoting rat models of depression 

Dr Si-Hui ZHANG 
School of Stomatology, Fujian Medical University, Fuzhou, China 

 
S2-3 Oral Medicine Research of Universitas Indonesia: Exploring Special Need Dentistry 

Awareness and Interdisciplinary Oral Health Care 
Dr Masita Mandasari 

Faculty of Dentistry, Universitas Indonesia, Jakarta, Indonesia 
                                                         
 
 
15:30-18:00    Keynote VI: Biomaterial Interface 

Chairperson: Professor Osamu SUZUKI 
Graduate School of Dentistry, Tohoku University, Japan 

 
K6-1 Application of synchrotron radiation for the analyses of biological specimens 



Professor Motohiro UO 
School of Dentistry, Tokyo Medical and Dental University, Tokyo, Japan 

K6-2 Biomaterials with Multicomponent Functionalization for Dentin-Pulp Regeneration 
Professor Yu-Chih Chiang 

School of Dentistry, National Taiwan University, Taopei, Taiwan 

K6-3 Possibility of Ultrasonic and Photoacoustic Imaging of Oral Cavity 
Professor Yoshifumi SAIJO 

Graduate School of Medical Engineering, Tohoku University, Sendai, Japan 

K6-4 Incorporation of novel bioactive components for functional dental materials 
Dr Jae-Sung KWON 

College of Dentistry, Yonsei University, Seoul, Korea 

K6-5 Bioactive properties of newly developed bone substitutes induced by a materials-cells 
interaction 

Professor Osamu SUZUKI 
Graduate School of Dentistry, Tohoku University, Sendai, Japan 

18:00-18:20  Closing Ceremony 
Vice-Dean and Professor Minoru WAKAMORI 
Graduate School of Dentistry, Tohoku University, Japan 
Dean and Professor Euiseong KIM 
College of Dentistry, Yonsei University, Korea 
Dean and Professor Ling YE 
West China School of Stomatology, Sichuan University, China 
Professor 0HOLVVD�$GLDWPDQ �������
Faculty of Dentistry, Universitas Indonesia, Indonesia 



CONTENTS	of	E-Poster	SESSION	I	&	II	

P1-1 
An Adiponectin Receptor Agonist Promote Osteogenesis via Regulating 
Bone-Fat Balance 
Dr. Hang-hang Liu 
Sichuan University, China  

P1-2 
Extracellular Matrix Derived from Dental Pulp Stem Cells Promotes 
Mineralization  
Dr. Nunthawan Nowwarote 
Université de Paris, France 

P1-3 
Specific microRNAs regulate dental pulp stem cells behavior: A 
Systematic Review 
Dr. Promphakkon Kulthanaamondhita 
Chulalongkorn University, Thailand 

P1-4 
Iloprost promoted acellular cementum formation in vivo 
Dr. Chalida Nakalekha Limjeerajarus 
Chulalongkorn University, Thailand 

P1-5 
The role of Yes-associated protein on cell fate decisions of human 
periodontal ligament cells under compressive force loading 
Dr. Nuttha Klincumhom 
Chulalongkorn University, Thailand 

P1-6 
The Essential Role of BMP Signaling in Tooth Root Formation 
Dr. Jun Wang 
Sichuan University, China  



P1-7 
Iron Metabolism in the Development and Ageing of Odontoblast 
Dr. Hai-sheng Wang 
Sichuan University, China  

P1-8 
Effect of rapid increases in oxygen levels on glucose metabolism of 
cancer cells 
Dr. Yuta Shinohara 
Tohoku University, Japan  

P1-9 
Treatment with hydrogen peroxide photolysis inhibits tooth 
demineralization caused by Streptococcus mutans biofilm 
Dr. Midori Shirato 
Tohoku University, Japan  

P1-10 
Bifacial aspects of ethanol: antibacterial effect and carcinogenic effect 
by metabolism to acetaldehyde depend on ethanol concentration 
Dr. Ryo Tagaino 
Tohoku University, Japan  

P1-11 
Asiaticoside stimulates osteogenic differentiation of hPDL through Wnt 
pathway 
Dr. Piyamas Sumrejkanchanakij 
Chulalongkorn University, Thailand 

P1-12 
D-galactose induced aging aggravates bone dyshomeostasis in obesity 
Dr. Napatsorn Imerb 
Chiang Mai University, Thailand  

P2-1 
Continuous versus released compressive force on osteoclastogenesis of 



RAW 264.7 cells 
Dr. Boontida Changkhaokham 
Prince of Songkla University, Thailand 

P2-2 
Comparison of matrisome between jawbone and tibia osteoblasts 
Dr. Alba Natalia García Limón 
Université de Paris, France 

P2-3 
Osteopontin induces osteogenic differentiation by human periodontal 
ligament cells via calcium binding domain-ALK-1 interaction 
Dr. Daneeya Chaikiewkeaw 
Chulalongkorn University, Thailand 

P2-4 
Effect of Proanthocyanidin-ACP Nanoparticles on Promoting 
Biomimetic Remineralization of Dentin 
Dr. Ting He 
Sichuan University, China 

P2-5 
Loss of IκBζ accelerates dentin formation and matrix gene expression 
Dr. Hang Yuan 
Tohoku University, Japan 

P2-6 
Orofacial bone remodeling and regeneration of hypoparathyroidism 
Dr. Ping Lyu 
Sichuan University, China 

P2-7 
Smart porous scaffold promotes peri-implant osteogenesis under the 
periosteum 
Dr. Ze He 
Sichuan University, China 



P2-8 
Yes-associated protein promotes bone healing after tooth extraction in 
mice 
Dr. Zhi-wei Cao 
Sichuan University, China 

P2-9 
REV-ERBs negatively regulate mineralization of the cementoblasts 
Dr. Liang-liang Fu 
Wuhan University, China 

P2-10 
Modification of collagen with proanthocyanidins by mimicking the 
bridging role of glycosaminoglycans for dentine remineralization 
Dr. Ye Zhang 
Tianjin Medical University, China 

P2-11 
Modification of type I collagen with PEGylated lysozyme (lyso-PEG) to 
promote interfibrillar mineralization 
Dr. Yan-yun Pang 
Tianjin Medical University, China 

P2-12 
Amyloid-Like universal coating loaded with octenidine for 
remineralization and antibacterial to prevent and arrest caries 
Dr. Dan-yang Lu 
Tianjin Medical University, China 

P3-1 
Role of Common Oral Infectious Diseases in Inducing Stroke:A Review 
Dr. Fan Liu 
Sichuan University, China  

P3-2 
Modified Dental Anesthesia Simulation Model Improves Skills and 



Willingness for Dental Students 
Dr. Zhao-song Meng 
Tianjin Medical University, China  

P3-3 
Curriculum setting and students’ feedback of pre-clinical training in 
different dental schools in China—A national-wide survey 
Dr. Yi-yin Chen 
Sichuan University, China 

P3-4 
Locally Delivery of Minocycline Immediately After Implant Surgery: A 
12-Week Randomized Controlled Clinical Trial 
Dr. Yan-jun Zhang 
Sichuan University, China 

P3-5 
Mesenchymal stem cells: a promising therapy for dental implants 
osseointegration in diabetics model 
Dr. Mefina Kuntjoro 
Airlangga University, Indonesia 

P3-6 
Applying Mobile Augmented Reality Technology in Dental Education 
Dr. Yi-chen Hsu 
National Yang-Ming Chiao-Tung University, Taiwan 

P3-7 
Application of digital surgical technologies in the treatment of 
dentofacial deformities secondary to condylar osteochondroma 
hyperplasia 
Dr. Zhao-kun Zhu 
Sichuan University, China 

P3-8 
Study on the correlation between tongue size, position and lower dental 



arch morphology in skeletal class Ⅱ adolescents 
Dr. Zi-yi Wang 
Tianjin Medical University, China 

P3-9 
Scanning Electron Microscope Observation of Dental Root Canal After 
Irrigated by Chitosan Tiger Shrimp Shell (Penaeus monodon) Waste 
Solution 
Dr. Agustin Wulan Suci-Dharmayanti 
Jember University, Indonesia  

P3-10 
Investigation on the understanding and cognition of oral residents 
joining standardized training towards clinical practice in aesthetic and 
restorative dentistry 
Dr. Wei-wei Xiao 
Wuhan University, China 

P3-11 
Investigation on the situation of clinical practice of oral aesthetic 
analysis and design for oral residents receiving standardized training 
Dr. Jun-jun Kong 
Wuhan University, China 

P3-12 
Investigation on the satisfaction of oral residents joining standardized 
training towards the prosthodontics morning-course mode 
Dr. Zi-yi Yang 
Wuhan University, China 

P4-1 
Comparison in Education and Management of the Caries Disease 
between two Universities 
Dr. Åkerlind Klara and Dr. Tu Linnéa 
University of Gothenburg, Sweden 



P4-2 
Reduced Bone Dimensions in Oligodontia: a Case-Control Study 
Dr. Nicolas Dupre  
Université de Paris, France 

P4-3 
Single-cell analysis reveals that cancer-associated fibroblasts promote 
oral squamous cell cancer invasion through TGF-β1/Smad pathway 
Dr. Shun-hao Zhang  
Sichuan University, China 

P4-4 
Oral Phenotype of Singleton-Merten: A Case Report 
Dr. Margot Riou 
Université de Paris, France 

P4-5 
Clinical Analysis of the Relationship between Temporomandibular Joint 
Disorders and Oral Iatrogenic Factors 
Dr. Xing-tong Mu 
Tianjin Medical University, China 

P4-6 
Personalized complete denture : the use of semiadjustable articulator 
for flat ridge (A case report) 
Dr. Muhammad Dimas Aditya Ari 
Airlangga University, Indonesia 

P4-7 
Intraosseous Venous Malformation of the Zygoma: Cases Report and 
Literature Review 
Dr. Ze-ling Ye 
Sichuan University, China 

P4-8 
Training Gadget with force visualization system as a learning tool of 



periodontal treatment 
Dr. Keiju Ashida 
Tohoku University, Japan 

P4-9 
Situational awareness analysis of dental students during COVID-19 
pandemic in dental hospital Universitas Airlangga 
Dr. Vankalayya Yastriza Dayusmara 
Airlangga University, Indonesia 

P4-10 
Research and Development of Virtual Simulation in Pre-clinical 
Periodontal Training 
Dr. Chang Shu 
Peking University, China 

P4-11 
Research-type Clinical Medical Student Training Research 
Dr. Xin Ling 
Wuhan University, China 

P4-12 
Application of computer-aided technology in fiber post removal 
Dr. Ping-ping Cai 
Fujian Medical University, China 

P5-1 
The prediction of temporomandibular disorders with deep learning 
Dr. Wei Zou 
Xi'an Jiaotong University, China 

P5-2 
Diagnosis and Management of Dens Evaginatus and Dens Invaginatus 
in a single tooth: A case report 
Dr. Waleerat Sukarawan 



Chulalongkorn University, Thailand 

P5-3 
Effect of drinking water after fluoride varnish application on saliva 
fluoride level 
Dr. Siriporn Songsiripradubboon 
Chulalongkorn University, Thailand 

P5-4 
The SEM-EDX analysis of artificial proximal enamel caries adjacent to 
an alkasite restorative material 
Dr. Wannakorn Sriarj 
Chulalongkorn University, Thailand 

P5-5 
pH-responsive Antibacterial Monomers for the Inhibition of Dental 
Caries 
Dr. Jing-ou Liang 
Sichuan University, China  

P5-6 
The mechanical and microstructural properties of self-glazed zirconia 
Dr. Shunichi Shishido 
Tohoku University, Japan 

P5-7 
Development of orthodontic wires for metal allergy patient using 
titanium nitride (TiN) plating 
Dr. Arata Ito 
Tohoku University, Japan 

P5-8 
Visualization and analysis of droplet dynamics at dental treatment 
situation 
Dr. Hiromitsu Morishima 
Tohoku University, Japan 



P5-9 
Effect of computer-assisted design and manufacturing cutting and 
drilling guides accompanied with pre-bent titanium plates on the 
correction of skeletal class II malocclusion: a randomized controlled 
trial 
Dr. Shi-bo Liu 
Sichuan University, China  

P5-10 
Unilateral Occlusal Reduction Induces Decreasing Articular Cartilage 
Thickness of Temporomandibular Joint (TMJ) 
Dr. Suhartini 
Jember University, Indonesia  

P5-11 
Study of Programmed Co-axial Electrospun Injectable Nanofibers for 
Sequential Anti-tumor Treatment 
Dr. Yao Liu 
Sichuan University, China  

P5-12 
The Translation from In Vitro Bioactive Ion Concentration Screening to 
In Vivo Application for Preventing Peri-implantitis 
Dr. Yin Shi 
Shanghai Jiaotong University, China  

P6-1 
Minimally Invasive, Precise and Stable Technology of Digital Titanium 
Mesh-Assisted Bone Augmentation 
Dr. Song-hang Li 
Sichuan University, China 

P6-2 
Hertwig’s Epithelial Root Sheath Cells Combined with Dental Follicle 
Cells Induce Periodontal Tissue Regeneration 
Dr. Fei Bi 
Sichuan University, China 



P6-3 
Deformation assessment of the manually pre-bent titanium miniplates 
in orthognathic surgery with finite element analysis 
Dr. Li-nan Liu 
Sichuan University, China 

P6-4 
Lin28 contributes to odontogenic differentiation of dental papilla cells 
during tooth development 
Dr. Peng-cheng He 
Sichuan University, China 

P6-5 (Withdraw) 

P6-6 
Intermittent compressive force regulates cell proliferation and 
osteogenic differentiation of mouse induced pluripotent stem cells 
Dr. Jeeranan Manokawinchoke 
Chulalongkorn University, Thailand 

P6-7 
Effect of implant placement depth on bone remodeling on implant- 
supported single zirconia abutment crown: A 3D finite element study 
Dr. Pongsakorn Poovarodom 
Chiang Mai University, Thailand 

P6-8 
Surgical obturator prosthesis for post-hemimaxillectomy patient (A case 
report)  
Dr. Karina Mundiratri 
Airlangga University, Indonesia 

P6-9 
MgO/TCPP-Loaded PLGA Photodynamic Microspheres Enhance 
Fibroblast Activity to Treat Periodontitis 
Dr. Wan-meng Wang 



Tianjin Medical University, China 

P6-10 
Organoids in Clinical Dental Research 
Dr. Yi-ming Chen 
Peking University, China 

P6-11 
NAP1L2 Drives Mesenchymal Stem Cell Senescence and Suppresses 
Osteogenic Differentiation 
Dr. Mei-lin Hu 
Tianjin Medical University, China 

P6-12 
AMPK activation orchestrated replicative senescence of PDLSCs 
Dr. Liang-yu Xing 
Tianjin Medical University, China 

P6-13 
Visualization/scoring-based evaluation of tooth preparation for skill 
assessment by axial wall taper analyses 
Dr. Yayoi Okuyama 
Tohoku University, Japan 

P7-1 
A novel ECC-related bacterium, Scardovia wiggsiae, has a unique 
carbohydrate metabolism with fluoride resistance 
Dr. Mai Kameda 
Tohoku University, Japan 

P7-2 
Three-dimensional mechanical microenvironment enhanced osteogenic 
activity of mesenchymal stem cells-derived exosomes 
Dr. Xiao-xia Su 
Sichuan University, China 



P7-3 
Antibacterial effects of caffeic acid phenethyl ester on oral cariogenic 
bacteria and multispecies biofilm 
Dr. Xiao-hui Lyu 
Sichuan University, China 

P7-4 
The effect of canonical and non-canonical pyroptosis in apical 
periodontitis 
Dr. Zhi-wu Wu 
Sichuan University, China 

P7-5 
Regulation of OrtR on Antioxidant Adaptability of Streptococcus mutans 
Dr. Shu-xing Yu 
Sichuan University, China 

P7-6 
Extracellular ATP modulates immunomodulatory property of 
periodontal ligament cells 
Dr. May Thwe Kyaw Soe Win 
Chulalongkorn University, Thailand 

P7-7 (Withdraw) 

P7-8 (Withdraw) 

P7-9 (Withdraw) 

P7-10 
Metronidazole and Ketoprofen Loaded Mesoporous Magnesium 
Carbonate for Rapid Treatment of Acute Periodontitis in vitro 
Dr. Zhao-han Yu 
Sichuan University, China 



P7-11 
A brief discussion on the Research Prospect of the Application of Dental 
Pulp Mesenchymal Stem cells in Stomatology 
Dr. Ya-zhuo Li 
Wuhan University, China 

P7-12 
Preparation of Graphene Oxide/ iRoot BP Compsite and Its Pulp 
Regeneration Performance 
Dr. Zu-yi Chen 
Wuhan University, China 

P8-1 
Shear force activates secretion of immunosuppressive cytokines by PDL 
cells 
Dr. Ravipha Suwittayarak 
Chulalongkorn University, Thailand 

P8-2 
Profiling of Microbiota in Liquid Baby Formula and a Baby Drink 
Consumed with an Artificial Nipple 
Dr. Anna Wakui 
Niigata University, Japan 

P8-3 
Profiling of Microbiota in Sport-Drink and Orange Juice of Plastic 
Bottle After Drinking Directly From Plastic Bottles 
Dr. Miho Kawachi 
Niigata University, Japan 

P8-4 
Deletion of actJ gene affects growth and biofilm formation of 
Streptococcus mutans 
Dr. Yang Chen 
Sichuan University, China 



P8-5 
The selective membrane affinity of novel lactotransferrin-derived 
peptide to Streptococcus mutans 
Dr. Ze-ning Feng 
Sichuan University, China 

P8-6 
Discrimination of periodontal pathogens using Raman spectroscopy 
combined with machine learning algorithms 
Dr. Yi-ping Liu 
Tianjin Medical University, China 

P8-7 
Effect of glucose, nitrate and nitrite on the nitrite-producing activity of 
oral Actinomyces species 
Dr. Tomona Otake 
Tohoku University, Japan 

P8-8 
Direct effect of periodontitis-associated bacteria on the glucose 
metabolic activity of host cells 
Dr. Haruki Otani 
Tohoku University, Japan 

P8-9 
Regulatory effect of miR-126 on M1 type polarization of macrophages 
under high glucose environment 
Dr. Jia-jun Li 
Tohoku University, Japan 

P8-10 
pH sensitive Tertiary Amine Monomer for the Prevention of Dental 
Caries 
Dr. Bi-na Yang 
Sichuan University, China 



P8-11 
The Sec secretion system of Streptococcus mutans regulates the 
formation of persisters by affecting EPS production 
Dr. Yu-yao Huang 
Sichuan University, China 

P8-12 
Effect of Methicillin resistant Staphylococcus aureus on the Proliferation 
of Oral Squamous Cell Carcinoma Cells 
Dr. Zheng Wang 
Sichuan University, China 

P8-13 
Modulations of circular RNAs on characteristics of Streptococcus 
mutans biofilm 
Dr. Ya-lan Deng 
Sichuan University, China 

P9-1 (Withdraw) 

P9-2 
Anatomical Limitations and Influencing Factors for Molar Distalization 
Dr. Ya-xin Xie 
Sichuan University, China 

P9-3 (Withdraw) 

P9-4 
Oral status and homebound status: A 6-year bidirectional exploratory 
prospective cohort study 
Dr. Hazem Abbas 
Tohoku University, Japan 

P9-5 
An image quality comparison study between homemade and 
commercial dental cone-beam CT systems 



Dr. Trang Tran Thi Ngoc 
National Yang-Ming Chiao-Tung University, Taiwan 

P9-6 
Locational effects on oral microbiota among long-term care patients 
Dr. Fa-tzu Tsai 
National Yang-Ming Chiao-Tung University, Taiwan 

P9-7 
Shortening dental arch in mini dental implant 
Dr. Imam Safari Azhar 
Airlangga University, Indonesia 

P9-8 
Influence of Nd:YAG laser irradiation on enamel after Interproximal 
enamel reduction 
Dr. Zhou Yi 
Tianjin Medical University, China 

P9-9 
The human Oral – nasopharynx Microbiome as a Risk Screening Tool 
for Nasopharyngeal Carcinoma 
Dr. Yu Hao 
Sichuan University, China 

P9-10 
Viscometry study on residual saliva using the ultra micro-volume 
viscometer: a preliminary study on the method for collecting residual 
saliva 
Dr. Ittetsu Uchigasaki 
Tohoku University, Japan 

P9-11 
NTI-tss as a Therapy for Temporomandibular Joint Disorder (A case 
report) 
Dr. Primanda Nur Rahmania 



Airlangga University, Indonesia 

P9-12 
Three-dimensional volumetric evaluation of dental pulp cavity/ tooth 
ratio in anterior open bite malocclusion using cone beam computed 
tomography 
Dr. Kachaphol Kuharattanachai 
Chiang Mai University, Thailand 

P9-13 
The relationship between the maximum bite force and the amount of 
overjet and overbite in anterior open bite patients: A pilot study 
Dr. Suthinun Suksutthiphan 
Prince of Songkla University, Thailand 

P10-1 
Enhancement of orthodontic tooth movement and root resorption in 
ovariectomized mice 
Dr. Yasuhiko Nara 
Tohoku University, Japan 

P10-2 
The effect of high-frequency vibration with light orthodontic force to 
accelerate tooth movement in rat models 
Dr. Porntip Tangtanawat 
Prince of Songkla University, Thailand 

P10-3 
Intelligent pH-responsive dental sealants to prevent long-term 
microleakage 
Dr. Hao Li 
Sichuan University, China 

P10-4 
A pH-sensitive Smart Material for Oral Squamous Cell Carcinoma 
Inhibition 



Dr. Shi-yu Liu 
Sichuan University, China 

P10-5 
The study on magnetic nanoparticles modified antibacterial root canal 
sealer 
Dr. Xiao Guo 
Sichuan University, China 

P10-6 
The study on modified root canal sealer in Single-cone technique 
Dr. Yu Fan 
Sichuan University, China 

P10-7 
Anti-caries effect of disaggregated nano-hydroxyapatite with enhanced 
antibacterial and mineralization properties 
Dr. Yan-nan Huang 
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Integrating Interprofessional Education and Practice in Dental Education: 
Universitas Indonesia Experience 

Melissa Adiatman  

Department of Dental Public Health and Preventive Dentistry 
Head of International Affairs Unit, Faculty of Dentistry, Universitas Indonesia 

 

Interprofessional education happens when students, or members from two or more 
professions learn about, from and with each other to enable effective collaboration and 
improve health outcomes and services. Interprofessional education is a crucial step in 
before entering intercollaborative practice in healt care settings. Efforts needed to be 
made educate and prepare the students to equipped them with competencencies thet 
will help them to work and provide team-based care. Collaborative practice happens 
when multiple health workers from different professional backgrounds work together 
with patients, families, caregivers, and communities to deliver the highest quality of care.  

Universitas Indonesia implemented IPE modules since 2013 and ICP since 2015. Many 
factors contributed to the success of the implementation, and many obstacles needed to 
be tackled. IPE allows dental students to strengthen their education while also inspiring 
them to serve as leaders in the promotion of collaborative practice and team-based care. 
The modul itself opens windows of opportunity to collaborate between different health 
specialties and collaborate with international istitutions. International exchange provides 
opportunity to make a positive impact on the oral health of our global community while 
enriching and diversifying dental education experience. 

【】‘
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0(/,66$�$',$70$1��''6��3K' 
melle_gigi@yahoo.com  · melissa31@ui.ac.id  
www.linkedin.com/in/melissa-adiatman-96a88220/ 
Address: Department of Dental Public Health and Preventive Dentistry Faculty of 
Dentistry, Universitas Indonesia Jalan Salemba Raya no 4, Jakarta Pusat 10430, 
Indonesia 
Phone   : +62 21 31927410   Mobile:  +62 8111 682 494 

INDONESIA

REPUBLIC 

POSITION AND APPOINTMENTS 

2013 ʹ NOW  
LECTURER IN THE DEPARTMENT OF DENTAL PUBLIC HEALTH AND PREVENTIVE DENTISTRY, 
FACULTY OF DENTISTRY, UNIVERSITAS INDONESIA 
2018 ʹ NOW  
HEAD OF INTERNATIONAL AFFAIRS UNIT, FACULTY OF DENTISTRY, UNIVERSITAS 
2014 ʹ 2018  
HEAD OF PUBLIC RELATIONS AND INTERNATIONAL AFFAIRS, FACULTY OF DENTISTRY, 
UNIVERSITAS INDONESIA 
2019 ʹ 2022  
NATIONAL COMMITTEE ON ORAL HEALTH OF INDONESIA, THE MINISTRY OF HEALTH 
OF INDONESIA 

EDUCATION 

2008-2012 
PhD IN ORAL HEALTH PROMOTION 
GRADUATE SCHOOL OF MEDICAL AND DENTAL SCIENCES  
TOKYO MEDICAL AND DENTAL UNIVERSITY, JAPAN
2001 ʹ 2007  
DOCTOR OF DENTAL SURGERY (DDS)  
FACULTY OF DENTISTRY, UNIVERSITAS INDONESIA 

RESEARCH INTEREST 

x� Dental Public Health 
x� Oral Health Promotion 
x� Statistics and Research Methodology 
x� Inter-professional Education/Inter-

x� Geriatric Oral Health 
x� Preventive Dentistry 
x� Behavioral Dentistry 
x� Global Oral Health 

ORGANIZATION 

x� 2019 ʹ now : Member of National Committee on Oral Health (Indonesia) 

x� 2017 ʹ 2019: Core team of 2018 Indonesia National Oral Health Survey 

x� 2018 ʹ now : Chairman of Indonesian Society of Gerodontology 

x� 2018 ʹ now : Chair of Collaboration and Venture division, Indonesian Society of 

 Dental Public Health 

x� 2013 ʹ now : Member of Indonesian Dental Association 

x� 2011 ʹ now : Member of International Association of Dental Research 
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BBackground  
Due to the oral process is the complex action with fast movement and 
configuration changes, it is difficult to visualize the accurate bolus behavior 
and hard to evaluate numerically using physical quantities (such as force, 
shear rate, velocity, energy and work) during oral and swallowing process by 
conventional medical images and measurements. Physical quantities on 
human organ during oral and swallowing process are considered as important 
information for the development of the appropriate food product for not only 
elderly persons and swallowing difficulties but also infants and all 
generation. Thus, the novel visualization and evaluation methods for 
swallowing process and dynamic food bolus properties are required. 
 
Purpose 
To clarify the biomechanics of swallowing and develop easy-to-swallow food 
products, information of the relationship between the food bolus and the 
human organ is considered useful. The purpose of this presentation is to 
introduce a novel computer simulation method and dynamic bolus evaluation 
system for the estimation of the physical properties of food bolus and force on 
human organ during oral and swallowing process coupled with food bolus 
configuration, position and time. 
 
Methods  
a.� Computer simulation 
The originally developed three-dimensional (3D) swallowing simulator 
“Swallow Vision®” implements a kinetic biomechanical and a property model 
of food bolus. The result of the 3D swallowing simulator was validated 
concerning to the bolus flow configuration during swallowing. In order to 
compare difference of force on each organ, the healthy young person and the 
mild aspirated patient model were used for numerical simulation.  
 
b.� Dynamic bolus flow measurement 
In order to simplified measurement, we have developed“F-bology® analyzer” 
(FBA) which contained inclined plate with customized wet PVA sheet (pseudo 
organ sheet). This pseudo organ sheet has similar specific wetting properties 
of human organ surface. The food sample was supplied on the sheet of FBA 
by the piston pump, and it became bolus. The bolus flow down and the velocity 
on the sheet was measured by the disruption signal of laser sensors located 
on the upper and lower position of side wall of FBA. The changes of the 
diffusion area of food bolus were calculated from movies recorded by the high 



speed micro scope set on the vertical direction from the sheet. Physical 
quantities which include tribology properties on the sheet were calculated 
from these measured values.  
 
RResult and conclusion 
a.� Computer simulation 
For both simulation models, the magnitude and the variation in the extracted 
forces from each human organ, such as hard palate, soft palate, tongue, 
pharynx, and larynx, were discussed and explained the basis of food bolus 
configuration, position and time. And through the parameter studies, 
Swallow Vision® could find out physical properties of the food bolus not to 
aspirate on the mild aspirated patient model. From these results, it is 
considered that Swallow Vision® is helpful tool to understand the detailed 
biomechanics of oral and swallowing process.  
 
c.� Dynamic bolus flow measurement 
Differences of physical quantities such as shear stress, energy density and 
diffusion area have been observed under the different viscosity, density and 
drying condition of pseudo-organ sheet. The behavior of the bolus flowing 
down on FBA was considered as similar to human oral and swallowing 
process qualitatively. 
 
The information obtained from this study might be utilized for the 
development of appropriate food products for dysphasia patients and the 
elderly. 
 
�����	��
����	����
���
� �+��-�, ��!+*(�#$����)$.�������)"���
� � $%$���$+0�*���,�������
	��������+��-�, ��!+*(��*&*#�(����,$*)�'��)$.����#�����
	�	����������������������� /���'- �+ �,$*)��!!$� ��

 



�����

�

�	��
�����
�������
���
������������
������������
�
�

��
��
�������������������������������	���������
�
	�"��'�)���" #"(!�&��!��""�&���)�����!����!�!���!'�%�&'��"%�&(&'��!�!���( �!�����'����"%��+� #����
 �!,�&'(���&���)��&(���&'���'��'��!'%"�(�'�"!�"���!��##%"#%��'�����'���!�%��(���'���%�&��"����-��� �%.&�
��&��&��� �� !�(%"����!�%�'�)�� ��&"%��%�� ��'�"(��� '��� �+��'� %���'�"!&��#� ��'*��!� �""�� ��"��'�)��
�!�%����!'&��!��%�&��%��(�'�"!�"����-��� �%.&���&��&���&�!"'��(��,�(!��%&'""���&�)�%����""����"��'�)��
�!�%����!'&� ��)�� ���!� %�#"%'��� '"� #"&&�&&� #%" �&�!�� ��"�"������ ��'�)�'��&� �!��(��!�� �!����'�"!� "��
� ,�"�����'�����%���'�"!���&��!"'��%��+� #����#�%&"!���-���!('%�'�"!��&��!�� �%��!��������'��'����%&�
�%��'�#%" �&���"%�'��� ��!'�!�!���"������'���!��#%�)�!'�"!�����!&'���&��&�&���!��)��(��&���!�%����)��
���'&�'���"%���'"�'���%�#�%&"!�����"�"�,��!��(��!����!�'���#%"������!�� ��%"��" ���" #"&�'�"!���!��%�
&(���&�'(�'�"!��'�%��'����!'�����'�"!��'���#%"��&&�"�����!'��,�!��'�����%��'� "���(��%�'�%��'���&�� #"%'�!'�
�"%�'����" #%���!&�)���!��%�!���"��'��� ����!�& �"����'�"!�"���""����"��'�)���!�%����!'&��"*�)�%��
'��%���&�!"�(!�)�%&���,�&(���&&�(�� �'�"���"%�'�%��'����!'�����'�"!��(��'"�'����&&(�&�"��#%"'��!�&'�����',��
&"�(����',�"���" #"(!�&��*������!��!������!�',���!��&"�"!���!�����'�"!��*��&" �'� �&��!�"(!'�%�'���
%�&(�'�'��'�'����" #"(!����!�&�'"�'������!'������'�%��'�#%"'��!��('�!"'� "�(��'�&��'&�#%"'��!��(!�'�"!&��
�!�'��&�&, #"&�( ����*����#%�&�!'�"(%�&'(���&�"!���� �������"�"�,��'��'��&��'�%��'���#%"'��!����%���'�"!�
('���-�!��&���!'�����!�&�"���""���!�%����!'&���!��'�%��'����!'�����'�"!�"����"��'�)�� "���(��&���!�%���!'�
,��%&����&'%�'��,���&����!���)��"#����"%�'������%���'�"!�"��'�%��'�#%"'��!&���&���"!�'���(&��"���,�%���
 "���(��&��" #"&���"��������!���"%�'���'�%��'�#%"'��!��!��������!���"%�(��$(�'�!�����&�����������&��
�,�%��� "���(��&�%��%(�'����'"�'���'�%��'�#%"'��!�� �����!��'"�&����'�)�����%���'�"!��,�'���(��$(�'�!�
#%"'��&" ��&,&'� �����%�#"%'���'�����%&'�& �����,�%��� "���(����"!&�&'�!��"���!��������!���!��)�'� �!�
���&�������!���"%�����(��%�%�'�!"����������!��!��#%"'��!��
��	������'�"(���
��	���&��&&"���'���*�'��
 ��%�'�"!�"��!�(%"���&'" ���
��	���!����'"%&���)��!�)�%����!�%�#"%'�������&�"*���'��'�'��&�& ����
�,�%���  "���(��&� �!�(���� ���%��&�� "�� 
��	�� �!� ��)�!�� ����&�� �!�� �!����'���  ��%�'�"!� "��
!�(%"���&'" ������&�����&�� %�&(�'&� �!����'�� '��'�
��	�����%���%&� �,���������'�)�� �"%� '��%�#,�"��

��	��")�%�+#%�&&�!�� ��!��%&����+'��*�� �##����� '��&� '�%��'��� #%"'��!� ���%���'�"!� '���!"�"�,� '"�
!�(%"����!�%�'�)�� ��&"%��%&�� ��� �"�(&��� "!� '��� ���%���'�"!�#%"!�� !�'(%�� "�� !�(%"����!�%�'�)��
#%"'��!&���!��('���-����!����%���'����!��%��&�������!�������& �����,�%��� "���(����,���!��!���������!��
*�'��'������%���'����!��%�%��(����'���!�(%"����!�%�'�)��#%"'��!&��!�����&����!���,����*������&�(&&�"(%�
%���!'����"%'&�"!�'�%��'����!'�����'�"!�"��)�'� �!����,�('���-�!��'�%��'���#%"'��!����%���'�"!��
�
� �



��

�����	�������
�	������
��������1%0)��

�
�
	���"�!������������������������ �
�����"����#�� �!%��
����
�������������"�� ����$�����!����"�������
�
�
�
�
�
�
�
����������������

�	���46����'966)28�  63*)7736� #3,3/9�$2-:)67-8<���� ���

�	���46����
�	���%6� �773'-%8)� 63*)7736� #,)�$2-:)67-8<�3*�#3/<3���������� ����

�	
��'8����
�	���%6� �)'896)6� #,)�$2-:)67-8<�3*�#3/<3���������� ���

�����90�����
�	
�")4� �77-78%28� 63*)7736� #,)�$2-:)67-8<�3*�#3/<3���������� ���
	�����46����
�����92� !)7)%6',)6� �)-.-�")-/%��%-7,%���8(����� ���
�
����������

�����)'�  ,���� ,%61�� #,)�$2-:)67-8<�3*�#3/<3���� ���
	�����46����	�����%6� ���2+�� #3/<3��278-898)�3*�#)',2303+<���� ����

�6%(9%8)�"',330�3*��-37'-)2')�%2(��-38)',2303+<�
	�����46����	�����%6� ���2+� #3/<3��278-898)�3*�#)',2303+<���� ���

"',330�3*��-37'-)2')�%2(��-38)',2303+<�
�
������	��������
�
�,)1-'%0�&-303+<���)(-'-2%0�',)1-786<���-336+%2-'�',)1-786<�
�
������������������������
�3962%0�3*��)(-'-2%0��,)1-786<��-+,0<�!)%(� )674)'8-:)�3*�
�		��
�3962%0�3*��)(-'-2%0��,)1-786<��-+,0<��-8)(� )674)'8-:)�3*�
�		��
�
�����������������������������
	�� 638)-2�/23'/(3;2�97-2+�1)8,<0�&)78%8-2�0-+%2(�,<&6-(�130)'90)7���)7-+2�%2(�7<28,)7-7�3*�-2(9')67�3*�9&-59-8-2%8-32�

1)(-%8)(�()+6%(%8-32�3*�')0090%6�6)8-23-'�%'-(�&-2(-2+�4638)-27�
��������������	��������
��������������!�������������
���
���


�� �1463:)1)28�-2�%59)397�7309&-0-8<�-2�71%00�130)'90)�(69+�(-7'3:)6<�463+6%17�&<�(-76948-32�3*�130)'90%6�40%2%6-8<�
%2(�7<11)86<�
��������������������
�������!�����������	���	���

����-7'3:)6<�3*�71%00�130)'90)7�8,%8�-2(9')�()+6%(%8-32�3*�,928-2+8-2�
	��� ������
��������������������������������������		���		����

��� !�#��7�%2(�38,)6�',)1-'%0�4638)-2�()+6%(%8-32�8)',2303+-)7�*36�8,)�86)%81)28�3*�2)963()+)6%8-:)�(-736()67�
	��� ������
������������������������������������������������



�����

�

�	�������	��	�����	�������	����������	�������
��������
���������	�������������	��	��
������	�������������

�

������	�����
�


�������������
�����������������������������������������������������������������������

������������������	��������������������������������������
�

�*410+%�/#.0764+6+10��9*+%*�+5�#�(4'37'06�241$.'/�+0�1.&'4�#&7.65��*#5�#&8'45'�
+/2#%65�10�*'#.6*�176%1/'5�#0&�37#.+6;�1(�.+('���0�)'0'4#.��0764+6+10�+5�6#-'0�14#..;��6*75��
6*'4'�+5�01�&17$6�6*#6�14#.�*'#.6*�2.#;5�#0�+/2146#06�41.'�+0�6*'�24'8'06+10�1(�/#.0764+6+10��
�'06+565�#4'�75'&�61�/#+06#+0+0)�14#.�*'#.6*�$;�64'#6/'065�6*#6�4'5614'�14#.�/142*1.1);��
57%*� #5� (+..+0)� &'06#.� %#8+6+'5�� 64'#6+0)� 2'4+1&106#.� &+5'#5'�� #0&� /#-+0)� 24156*'5'5��
�19'8'4��9+6*�6*'�#)+0)�1(�6*'�2127.#6+10��6*'�07/$'4�1(�1.&'4�2'12.'�9+6*�(4#+.6;�9*1�
%#0016� 57((+%+'06.;� /#+06#+0� 6*'+4� '#6+0)� #$+.+6;� $;� 4'5614+0)� /142*1.1);� #.10'� +5�
+0%4'#5+0)�� �4'5%4+$+0)� ':'4%+5'� 61� 4'%18'4� 14#.� (70%6+10� #0&� 5'.'%6+0)� (11&� 9+6*�
#224124+#6'� 2*;5+%#.� 2412'46+'5� 6*#6� %#0� $'� 5#('.;� %1057/'&� (14� 57%*� 2'12.'� 917.&�
4'24'5'06�0'9�(70%6+105�1(�&'06+564;��

 0&'4�57%*�%+4%7/56#0%'5��6*'��#2#0'5'��1%+'6;�1(��'41&1061.1);�27$.+5*'&�#�
215+6+10�2#2'4�'06+6.'&�=�4#.�*;21(70%6+10�+0�6*'�1.&'4�2127.#6+10���15+6+10�2#2'4�1(�6*'�
�#2#0'5'��1%+'6;�1(��'41&1061.1);�+0�	����>�9*+%*�241215'&�%4+6'4+#�(14�6*'�&+#)015+5�
1(�14#.�*;21(70%6+10�� �0� 6*+5�2#2'4�� 5'8'0�%10&+6+105� �2114�14#.�*;)+'0'��14#.�&4;0'55��
4'&7%'&�1%%.75#.�(14%'��&'%4'#5'&�610)7'�.+2�/1614�(70%6+10��&'%4'#5'&�610)7'�24'5574'��
&'%4'#5'&�/#56+%#614;�(70%6+10��#0&�&'6'4+14#6+10�1(�59#..19+0)�(70%6+10��9'4'�5'.'%6'&�
61� &+#)015'� 14#.� *;21(70%6+10�� �'56+0)� /'6*1&5� #0&� +0+6+#.� 6*4'5*1.&5� 61� $'� 75'&� #5�
&+#)0156+%�%4+6'4+#�(14�6*'5'�%10&+6+105�*#8'�$''0�'56#$.+5*'&���744'06.;��6*'�/#0#)'/'06�
#0&�6'56+0)�1(�14#.�*;21(70%6+10�+5�%18'4'&�$;�0#6+10#.�/'&+%#.�+0574#0%'�+0��#2#0��#0&�
'#4.;�+06'48'06+10�(14�1.&'4�#&7.65�9+6*�&'%.+0+0)�14#.�(70%6+10�+5�/7%*�'#5+'4�61�&'6'%6��
�744'06.;��6*'5'�%4+6'4+#�#4'�75'&�(14�$16*�%.+0+%#.�#0&�4'5'#4%*�274215'5��

�19'8'4�� 61� &#6'�� 01� /'6*1&� *#5� $''0� &'8'.12'&� 61� 5'.'%6� (11&� $#5'&� 10�
1$,'%6+8'� (70%6+10#.� &#6#�� 57%*� #5� 6*'� 4'57.65� 1(� 6'565� 75'&� (14� 6*'� &+#)015+5� 1(� 14#.�
*;21(70%6+10���0��#2#0�#.10'��6*'4'�#4'�5'8'4#.�%.#55+(+%#6+10�5;56'/5�(14�(11&5�(14�2'12.'�
9+6*�&;52*#)+#��57%*�#5�= 0+8'45#.��'5+)0��11&�>�9*+%*�9#5�'56#$.+5*'&�$;�6*'��#2#0�
�#4'��11&��10('4'0%'��=�/+.'��#4'��11&5�>�(41/�6*'��+0+564;�1(��)4+%7.674'���14'564;��
#0&��+5*'4+'5�1(��#2#0��#0&�=�#2#0'5'��;52*#)+#��+'6�	�	��>�(41/�6*'������&;52*#)+#�
&+'6� %1//+66''�� �*'5'� %.#55+(+%#6+10� 5;56'/5� %#6')14+<'� (11&5� $#5'&� 10� 6*'+4� 2*;5+%#.�
2412'46+'5�� $76� 6*'+4� 4'.#6+105*+2� 9+6*� 14#.� (70%6+105�� '52'%+#..;� /#56+%#614;� (70%6+10��
4'/#+05�#/$+)7175���#6%*+0)�6*'�2*;5+%#.�2412'46+'5�1(�(11&�9+6*�14#.�(70%6+10�+5� 6*'�
0':6�%*#..'0)'�+0�)'4+#64+%�&'06+564;�+0�#�572'4�#)+0)�51%+'6;��

�.6*17)*�016�+0%.7&'&�+0�6*'�&+#)0156+%�%4+6'4+#�(14�14#.�*;21(70%6+10��5'0514;�
(70%6+10� +5� #0� +/2146#06� 14#.� (70%6+10� 6*#6� /756� $'� +08'56+)#6'&�� �'%4'#5'&� +064#14#.�
5'05#6+105� %17.&� .'#&� 61� &'%4'#5'&� #22'6+6'� #0&�0764+6+10#.� +06#-'���*'� +064#14#.� 5'05'�
+081.8'5� 6':674'� 2'4%'26+10� #0&� 6#56'�� �11&� 6':674'� +5� &'(+0'&� #5� =#..� 6*'�/'%*#0+%#.��
)'1/'64+%#.�� #0&� 574(#%'� #664+$76'5� 1(� #� 241&7%6� 2'4%'26+$.'� $;�/'#05� 1(�/'%*#0+%#.��
6#%6+.'��#0&��9*'4'�#224124+#6'��8+57#.�#0&�#7&+614;� 4'%'26145� ������>��14�1.&'4�2'12.'�
9+6*�+/2#+4'&�59#..19+0)�(70%6+10��6':674'�2'4%'26+10�+5�'52'%+#..;�+/2146#06�$'%#75'�+6�



�

+5� 4'.#6'&� 61� 6*'� #$+.+6;� 61� &'6'%6� 2*;5+%#.� 2412'46+'5� 1(� (11&� $1.75'5�� �� 2'4510� 9+6*�
+/2#+4'&�6':674'�2'4%'26+10�%#0�/+56#-'0.;�&'6'%6�6*'�2*;5+%#.�2412'46+'5�1(�(11&�$1.75'5�
#0&�+0+6+#6'�59#..19+0)�$'(14'�6*'�$1.75�+5�4'#&;�61�$'�59#..19'&�� 0.+-'�6*'�5'05'�1(�
6#56'��6*'4'�#4'�('9�567&+'5�10�6':674'�2'4%'26+10��#0&�+65�6'56+0)�/'6*1&5�*#8'�016�$''0�
'56#$.+5*'&���0�#�24'8+175�567&;��9'�&'8'.12'&�#�/'6*1&�61�'8#.7#6'�6':674'�2'4%'26+10��
"'�#4'�019�#%%7/7.#6+0)�'8+&'0%'�10�6*'�4'.#6+105*+2�$'69''0�6':674'�2'4%'26+10�#0&�
16*'4�/1&#.+6+'5�1(�14#.�(70%6+10���'0514;�(70%6+10�5*17.&�$'�'8#.7#6'&�#.10)�9+6*�/1614�
#0&�5'%4'614;�(70%6+10��9*'0�&'06+565�5'.'%6�(11&�2412'46+'5�(14�1.&'4�#&7.65�9+6*�&+((+%7.6;�
'#6+0)��
�

�����������
������
������	����������������
	����24'5'06�� �55+56#06��41('5514���1*1-7� 0+8'45+6;��4#&7#6'��%*11.�1(��'06+564;�
	����	�	�� !+5+6+0)��55+56#06��41('5514�� 0+8'45+6;�1(��4+6+5*��1.7/$+#�
	��
�	���� �55+56#06��41('5514���1*1-7� 0+8'45+6;��152+6#.�
	���	����� �*����1*1-7� 0+8'45+6;��4#&7#6'��%*11.�1(��'06+564;�
�

�
�
�



�����

�

����������������
������	������
�������������	�
�	�
	�	��
	�����

���	���������������������������������	
������������������������	��������������
�1%+1%7.674#.� %106':65� #(('%6'&� 14#.� *'#.6*� +0� *#+.#0&� +0�/#0;�9#;5�� � �+/+.#4� 61� '8'4;� 51%+'6;�� #� %1/2.':�
2*'01/'010�1(�14#.�*'#.6*�#22'#4'&�#5�#0�7.6+/#6'�176%1/'�(41/�9'$�1(�+06'44'.#6+10�1(�2#46+%7.#4�51%+#.�#0&�
%7.674#.�'.'/'065����1%+1%7.674#.�%106':65�+0(.7'0%'&�+0�2'12.'5=�%+4%7/56#0%'5�#0&�%10&+6+105�1(�.+8+0)�9*+%*�
9'4'�&;0#/+%��%*#0)'#$.'��#0&�8#4+'&�(41/�51%+'6;�61�51%+'6;����(6'4�#0�#&126+10�1(��1%+#.��%+'0%'5�#0&��'&+%#.�
�06*4121.1);�+0��'06+564;�+0� *#+.#0&��07/$'45�1(�14#.�*'#.6*�2*'01/'0#�9'4'�%.#4+(+'&�(14�&'06#.�241('55+10#.��
�1/'�1(�6*'/�9+..�$'�/'06+10'&�+0�6*+5�24'5'06#6+10��

 *#+.#0&�9#5�#�59''6�6116*�51%+'6;����7)#4�%1057/26+10�+0������9#5������-)5�;'#4�2'4510��+0�9*+%*�+6�9#5�	�
6+/'5�18'4%1057/26+10�6*#6�"���4'%1//'0&'&��� 9'06;�;'#45�$'(14'��6*'4'�9#5�#�*'#.6*�#&81%#%;�61�241/16'�
59''6�'017)*�51%+'6;�+0� *#+.#0&�� ��7/$'45�1(�564#6')+'5�#0&�*'#.6*�241,'%65�9'4'�.#70%*'&�61�'&7%#6'� *#+�
2'12.'�6*417)*�6*'��'&7%'&��7)#4��1057/26+10��#/2#+)0�#5�<�9''6��017)*� *#+.#0&=����;�6*'�/'55#)'5�1(�
$1&;�+/#)'�#0&�*'#.6*�4'#5105��#6�6*'�24'5'06�6+/'��57)#4�(4''��.19�57)#4��7059''6'0'&�&4+0-5�#0&�241&7%65�9'4'�
/14'�#8#+.#$.'�+0�%108'0+'0%'�5614'5=�5*'.8'5�+0� *#+.#0&����0�#&&+6+10��+0������57)#4�6#:�21.+%;�9#5�2#55'&�+0�
 *#+.#0&=5�2#4.+#/'06�#0&�(14%'&�+0�%10641.�18'4�57)#4�59''6'0'&�$'8'4#)'5����19'8'4��%1//'4%+#.�#&8'46+5+0)�
1(�59''65�9#5�56+..�241$.'/#6+%�+0�5%*11.5��

 *'4'� 9'4'� (''.+0)5� 1(� (#+6*� #0&� %10(+&'0%'�� 1$'&+'0%'� #0&� 4'52'%6� (14� &1%6145�� &'06+565� #0&� 16*'4� *'#.6*�
241('55+10#.�#/10)� *#+�2'12.'����'4%'+8'&�+/#)'�1(�*'#.6*�2'45100'.�9#5�-019.'&)'#$.'��*'.2(7.�#0&�/'4%+(7.��
#5�#�4'57.6�+0�219'4�+/$#.#0%'�+0�&1%614�2#6+'06�4'.#6+105*+2�� 1�241215'��#5'4��'06+564;�+0�10'�%1//70+6;��(14�
':#/2.'��9#5�016�&+((+%7.6� 61�%108+0%'�2'12.'�61�#%%'26�#0�+0018#6+8'�64'#6/'06�� ��0�6*'�16*'4�*#0&��+6�9#5�#�
24'5574'� #/10)� �%*11.5� 1(� �'#.6*� �%+'0%'5� 61� &'5+)0� .'55105� 1(� <�;/2#6*;� (14� �#6+'065=�� � �0� �*10� �#'0�
!0+8'45+6;�� *#+.#0&�6*'�57$,'%6�1(��06')4#6'&��'#.6*��%+'0%'5��+'.&�"14-��6*'�51�%#..'&�<���������!=��9#5�
%4'#6'&�(14�*'#.6*�5%+'0%'�567&'065�61�70&'456#0&�6*'�9#;5�1(�.+8+0)�1(�87.0'4#$.'�2'12.'�+0�474#.�#4'#5�$;�75+0)�
/'6*1&5�1(��'&+%#.��06*4121.1);��

�1%+#.�014/5�1(�$'#76;�#0&�%.'#0.+0'55�#(('%6'&�<�'4('%6��/+.'=�$;�6*'�6+/'���
���;'#45�$'(14'��$.#%-�%1.14'&�
6''6*�9'4'�(#5*+10#$.'�#0&�/'#0+0)(7.�#/10)�722'4�%.#55� *#+�91/'0���19#&#;5��9*+.'�9*+6'�#0&�$4+)*6�/'#0�
%.'#0.+0'55��$.#%-�%1.14'&�6''6*�1(�%*+.&4'0�(41/��+.8'4��+#/+0'��.714+&'�9'4'�70#%%'26#$.'�#/10)� *#+�2#4'065���
�14'18'4��6''0#)'45=�6''6*�9+6*�$4#%'5�9'4'�/14'�2127.#4�'8'0�6*17)*�01�64'#6/'06�0''&��#0&�6*+5�1(6'0�'0&'&�
72�9+6*�&+5276'�+0�&'06#.�%.+0+%����6*'4�2*'01/'010�9#5�6*#6�51/'�1(�2'12.'=5�$'.+'(5�0''&'&�61�$'�%10%'40'&��
�14�':#/2.'��59''6�(11&�9#5�%1//10�#/10)� *#+�%*+.&4'0��51�9#5�&'%+&7175�6116*�&'%#;���< *#6=5�9*;�9'�&1�
016*+0)=�9#5�#�4'#510�1(�57%*�2'12.'��� 116*�':64#%6+10�#(('%6'&�6*'�$4#+0�#0&�0'48175�5;56'/�#5�<�4#5#46�5+#=�+0�
 *#+�914&5��4'57.6+0)�+0�#81+&+0)�61�4'%'+8'�&'06#.�5'48+%'5�+0�*152+6#.�+0�51/'�474#.�#4'#5��

�14�#016*'4�2*'01/'0#��#22.+%#6+10�#0�70&'456#0&+0)�1(�51%+1%7.674#.�%106':65�%17.&�(7.(+.�#%6+8+6+'5� +0��4#.�
�'#.6*��41/16+10�#0&��4'8'06+10����14�':#/2.'��'8+&'0%'�1(��75.+/�51%+'6;�+0��176*�2#46�1(� *#+.#0&�&+52.#;'&�
4'.+)+175�(#+6*�6*417)*�2'4510#.�*;)+'0'�#0&�%.'#0.+0'55�$'(14'�24#;��(1%75+0)�10�6116*�$475*+0)����+/+.#4.;��10'�
474#.�#4'#�+0��146*��#56�2#46�5'6�72�<�1//70+6;��7.'5=�#5�*'#.6*;�27$.+%�21.+%;�61�+0*+$+6�61&&.'45=�/+.-�$166.'5�
#6�$'&6+/'�$;�%1//70+6;�2#46+%+2#6+10��� *'�4'/#4-#$.'�#22.+%#6+10�(14�*'#.6*�241/16+10�+0� *#+�51%+'6;�9#5�61�
%4'#6'�0'9�51%+#.�014/5�#5��#.%1*1.�)4''6+0)5�'37#.�+0�)+8+0)�%745'��5612�&4+0-+0)�#.%1*1.�&74+0)��7&&*+56��'06����
�+0#..;��#�%1/2.+%#6'&�*'#.6*�$'*#8+14�1(�+0&+8+&7#.�9#5�#�4'57.6�(41/�<*19�2'12.'�.+8'�+0�2#46+%7.#4�51%+'6;=���
 *'4'(14'�� %4'#6+0)� *'#.6*;� $'*#8+145� #0&� 5722146+8'� '08+410/'06� +0� #� 51%+'6;� %17.&� $'� #%*+'8'&� $;� #0�
70&'456#0&+0)�1(�51%+1%7.674#.�%106':65�#5�#�9*1.'�+0�57%*�51%+'6;�� �



�

��

�����	�������
�

����������	������������	���������	��������������

�������������������	��������������

��������������	����������������������

��������������������������������������������
��������

�

����������

�&�*&(�&����%*�#��+(��(.������������� �&%���%��% ,�() *.����� #�%�� �

��)*�(�&���(*���������� ��#��%�����#*���&� �#��� �%��)������ �&#��% ,�() *.����� #�%��

�&�*&(�&���� #&)&'�.����������� � �����% ,�() *.�&���.�%�.����+)*(�# �����������������������������

�

	�����������������������

�� ���*+(�(� �%�� ��)��(���(�  %� �+�# *�* ,�� ��)��(���� ��%*�#� �+�# �� ���#*��� �%�� �(�#� ���#*��
�(&$&* &%���+''&(*����.���� ����#*���(&$&* &%�	&+%��* &%��

�� ��)��(���(� %���)�()� %���%* )*(.���)��(���
(&+'�����
�����

�� �&$$ **���&��� &%��(�#����#*���-�(����� #�%��

�� �&$$ **���&����� ��&� �*.��&(��+�# �����#*����%* )*(.�

�� � (��*&(�&����)*�(�&���� �%��)��(&�(�$� %���%*�#��+�# �����#*����&%���%��% ,�() *.�

�� � (��*&(�&���%*��(�*������#*���� �%��)�	 �#���&("��(&!��*���&%���%��% ,�() *.�



�����

 

��	��	�������
������������	���
����������	�	�������	���������������
�������	�������������	���������	�
����	��
�	��	����������	�	�����

������	��������������
�

���	����
������
������!���!����
�!����!��������������"��!$������	���!��������"����#�� �!$�����"�!��
�������������!� !�$����#� �������������������"��!$���#�������!������ ������!�������


���#�!�#�����!� !�$�������"����#�� �!$�����"�!���������������!� !�$��
�
���	���	��
�*!� +"� /$!� %),+-/�*/� ,0-,+.!.� +"� !,% !)%+(+#%��(� ./0 %!.� %.� /+� ,-+1% !� ��.%�� %*"+-)�/%+*� "+-� /$!�
 !1!(+,)!*/� +"� ,+(%�%!.� /$�/� �+*/-%�0/!� /+� %),-+1%*#� /$!� ,+,0(�/%+*�.� $!�(/$�� .0�$� �.�  %.!�.!�
,-!1!*/%+*��* ��+*/-+(���-+)���,0�(%��$!�(/$�,!-.,!�/%1!��/$!�#!*!-�(%5��%(%/4�+"�/$!�./0 4�,+,0(�/%+*�
%.�%),+-/�*/�%*�+- !-�/+��,,(4�/$!�-!.0(/.�+"�!,% !)%+(+#%��(�./0 %!.�/+�,-��/%�!��* ��+*/-%�0/!�/+� %.!�.!�
,-!1!*/%+*��* �$!�(/$�,-+)+/%+*��/�/$!�,+,0(�/%+*�(!1!(���!�$�1!�,-!1%+0.(4�!1�(0�/! �/$!��..+�%�/%+*�
�!/2!!*� +-�(� $!�(/$� �* � 1�-%+0.� #!*!-�(� $!�(/$� %*� �%.�4�)�� -!.% !*/.�� �� ,+,0(�/%+*� 2%/$� $%#$�
#!*!-�(%5��%(%/4�/$�/�$�.�)�%*/�%*! ��� %./-%�0/%+*��()+./�% !*/%��(�/+�/$!��1!-�#!��#!� %./-%�0/%+*�+"�
/$!���,�*!.!�,+,0(�/%+*�"+-�)+-!�/$�*����4!�-.��)+*#�/$!�-!.!�-�$�"%* %*#.��+*!�/$�/�!3�)%*! �/$!�
�..+�%�/%+*��!/2!!*�+-�(�$!�(/$��* �*+*��+))0*%���(!� %.!�.!.�.$+2! �/$�/�/$!�-%.'�+"� !1!(+,%*#�
�((���0.!� !)!*/%���* �(5$!%)!-�.� %.!�.!�%*�-!�.!.��.�/$!�*0)�!-�+"�-!)�%*%*#�/!!/$� !�-!�.!.�%*�
+( ��#!��*+/$!-�%.�/$�/��.�/$!�.!1!-%/4�+"�,!-%+ +*/�(� %.!�.!�%*�-!�.!.��/$!�-%.'�+"� !1!(+,%*#��$-+*%��
+�./-0�/%1!�,0()+*�-4� %.!�.!�%*�-!�.!.���*��  %/%+*��2!��-!�2+-'%*#�+*���-!.!�-�$�,-+&!�/���((! ���,�*�
�!-+*/+(+#%��(��1�(0�/%+*��/0 4��������,-+&!�/��2$%�$�%.���.! �+*��%#� �/��.,!�%"%�� /+�/$!�+( !-�
� 0(/.�� �0-� "%* %*#.� %* %��/!� /$�/� "!2� /!!/$� 2%/$+0/�  !*/0-!.� 2�.� �..+�%�/! � 2%/$� $%#$!-� -%.'� +"�
 !)!*/%��+*.!/��(.+��2!�-!,+-/! �/$�/�$�1%*#�)+-!�-!)�%*%*#�/!!/$�2�.�%* !,!* !*/(4��..+�%�/! �2%/$�
�� (+2!-� -%.'� +"� )+-/�(%/4� �* � "0*�/%+*�(�  %.��%(%/4� �* � �� .$+-/!-� (%"!� !3,!�/�*�4� 2%/$�  %.��%(%/4��
�0-/$!-)+-!��/$-+0#$���(�-#!��*/!-*!/�.0-1!4�./0 4���((! �/$!���,�*��+-+*�1%-0.� %.!�.!�
�	���������
	����* ��+�%!/4��*/!-*!/��0-1!4����������2!�$�1!�!1�(0�/! �/$!�%),��/�+"�/$!�������	��+0/�-!�'�
+*�+-�(�$!�(/$���0-�"%* %*#.�.$+2! �/$�/�2+-.!*! �.+�%+!�+*+)%���+* %/%+*.� 0!�/+�/$!�������	��
,�* !)%��2!-!��..+�%�/! �2%/$� !*/�(�,�%*��)+*#�/$!���,�*!.!�,+,0(�/%+*����./(4��2!�2%((� %.�0..�/$!�
"0/0-!�  !1!(+,)!*/� +"� !,% !)%+(+#%��(� ./0 %!.� 0.%*#� -!�(� 2+-( �  �/�� .0�$� �.� �+$+'0� �! %��(�
�!#���*'���



 

CCURRICULUM VITAE 
 

� Kenji Takeuchi, D.D.S., Ph.D. 
� �
� �
� �441%+#5'��31(��9��'2#35/'05�1(��05'30#5+10#.�#0&��1//60+58��3#.��'#.5*��
�  2'%+#..8�#221+05'&��31(��9��+7+4+10�1(��')+10#.��1//60+58��'7'.12/'05���
� �����������������������+#+410��'05'3�(13��0017#5+7'��'05+4538��
� !1*1-6�"0+7'34+58��3#&6#5'� %*11.�1(��'05+4538�
� 
���� '+381�/#%*+���1$#�-6�� '0&#+���+8#)+������������#2#0�
� �*10'������������	�����/#+.��-'0,+�5#-'6%*+�%
�51*1-6�#%�,2�

EDUCATION 
04/2003-03/2009 B.S. in Dentistry, TOHOKU UNIVERSITY, Sendai, Japan 
04/2009-03/2013 Ph.D. in Dentistry, TOHOKU UNIVERSITY, Sendai, Japan 
 
PROFESSIONAL EXPERIENCE 
04/2009-03/2010 Dentist, Center for Postgraduate Clinical Training, TOHOKU UNIVERSITY 

HOSPITAL, Sendai, Japan  
04/2013-02/2019 Assistant Professor, Section of Preventive and Public Health Dentistry, Faculty 

of Dental Science, KYUSHU UNIVERSITY, Fukuoka, Japan  
03/2019-11/2021 Associate Professor, Department of Preventive Medicine, NAGOYA 

UNIVERSITY Graduate School of Medicine, Nagoya, Japan 
11/2021-Present Associate Professor, Department of International and Community Oral Health, 

TOHOKU UNIVERSITY Graduate School of Dentistry, Sendai, Japan 
Specially-appointed Professor, Division of Regional Community Development, 
Liaison Center for Innovative Dentistry, TOHOKU UNIVERSITY Graduate 
School of Dentistry, Sendai, Japan 

 
HONORS & AWARDS 
05/2019  The Japanese Society for Oral Health Academic Award "LION Award"  
06/2016  The J. Morita Post-doctoral Award for Junior Investigators for Geriatric Oral Research (First 

Prize), The 94th IADR General Session & Exhibition  
07/2014  The Best Presenter Award, The 36th General Meeting of Kyushu Society for Oral 
Health 



�����

�

�
����
�
����	���� � � �
�
�
�������	��
������
�������������������
����
�
�	�������	�����
����������	�������	�����
���������	������	���	��������	�
�
�
�8� #+5.� /9� );88+4:2?� �+6;:?� �/8+):58�� �2/4/)'2� �� !+-/54'2� �+'2:.� 5,� �':/54'2� �+4:'2� �+4:8+�
"/4-'658+� '4*� �)'*+3/)� %/)+��.'/8�� �2/4/)'2� "+8</)+� 5,� "/4-�+'2:.� �;1+��$"� �8'2� �+'2:.�
�)'*+3/)� �2/4/)'2� �85-8'3�� � �+� /9� '295� "+4/58� �549;2:'4:� ':� :.+� �+6'8:3+4:� 5,� !+9:58':/<+�
�+4:/9:8?���2/4/)'2��995)/':+��85,+9958�5,�:.+��$"��');2:?�5,��+4:/9:8?�'9�=+22�'9��*0;4):��995)/':+�
�85,+9958�5,�"/4-�+'2:.��;1+��$"��8'2��+'2:.��)'*+3/)��2/4/)'2��85-8'3��
�
�8�#+5.�(+-'4�./9�)'8++8�'9�'�*+4:'2�5,,/)+8�',:+8�-8'*;':/4-�=/:.��').+258�5,��+4:'2�";8-+8?�':�:.+�
�');2:?�5,��+4:/9:8?���':/54'2�$4/<+89/:?�5,�"/4-'658+�/4�
�������+�8+)+/<+*�./9��'9:+8�5,��+4:'2�
";8-+8?�/4��859:.5*54:/)9�/4�
������+�/9�'��+225=�/4�:.+��)'*+3?�5,��+*/)/4+�"/4-'658+���+�='9�
'='8*+*��+225=9./6�:5�6;89;+�,;8:.+8�:8'/4/4-�/4�:.+�9;(96+)/'2:?�5,��'>/225,')/'2��859:.+:/)9�':�:.+�
�+358/'2�"25'4��+::+8/4-��'4)+8��+4:8+�/4��+=�&581�/4��		
�685<+*�:5�(+�'�:;84/4-�65/4:�/4�./9�
)'8++8�� � �+� ='9� /496/8+*� :5� 9:'?� 54� '4*� 3'1+9� )54:8/(;:/549� /4� 6;(2/)� .+'2:.� (?� =581/4-� /4�
)522'(58':/54� =/:.� "��� "6++).� #.+8'6?� �+6'8:3+4:� :5� +9:'(2/9.� �859:.+:/)�� "6++).� '4*�
"='225=/4-�!+.'(/2/:':/54��2/4/)���""!��':����"�/4��		��'4*�/9�'295�'�%/9/:/4-��549;2:'4:�':�:.+�
"/4-'658+��':/54'2��?+��+4:8+�:5�685</*+�5);2'8�58(/:'2�6859:.+9+9�:5�6':/+4:9�=/:.�'456.:.'23/)�
*+,+):9�� � �9� .+� )54:/4;+9� :5� (;/2*� ./9� )2/4/)'2� +>6+8/+4)+� /4� 3'>/225,')/'2� 6859:.+:/)9�� .+� ='9�
68535:+*�:.85;-.�:.+�8'419�:5�"+4/58��549;2:'4:�/4��		���
�
�9�:.+��+4:8+@9��+6;:?��/8+):58�,58��2/4/)'2���!+-/54'2��+'2:.��.+�5<+89++9�:.+�)2/4/)'2�9+8</)+��/:9�
-5<+84'4)+�'4*�685*;):/</:?���4��	
���	
���.+�2+*�:.+�)+4:+8�54�'�9+8</)+�:8'49,583':/54�05;84+?�:5�
/3685<+�'))+99�:5�)'8+��6':/+4:�+>6+8/+4)+�'4*�,/4'4)/'2�9;9:'/4'(/2/:?���853��	
����	�
��.+�5<+89'=�
:.+�35*+2�5,�)'8+�:8'49,583':/54�05;84+?�=.+8+�<'2;+�*8/<+4�)'8+�6':.='?9�=+8+�/4:85*;)+*�/4���
*+4:'2� )54*/:/549�� �� )2/4/)'2� 7;'2/:?� /4*+>� �� ��� ='9� *+<+256+*�� =/:.� '� 0;*/)/5;9� 9+2+):/54� 5,�
8+2+<'4:�5;:)53+9�3+'9;8+9�'4*�9+8</)+�9:'4*'8*9�,58�+').�6':.='?��
�
�+�685</*+9�2+'*+89./6�/4�*+<+256/4-�9:8':+-/+9�'4*�/4/:/':/<+9�:5�/4:+-8':+�58'2�.+'2:.)'8+�')8599�:.+�
)54:/4;;3�=/:.� ;69:8+'3� ,5);9� '4*� ,59:+8� 9:854-� 6'8:4+89./69� '4*� 4+:=5819� /4� (+::+8�3'4'-/4-�
656;2':/54�58'2�.+'2:.���+�2+'*9�'�9:854-����"�!�"�:+'3�)522'(58':/4-�=/:.�)533;4/:?�6'8:4+89��
'-+4)/+9�� "/4-+'2:.��,,/)+� 5,�!+-/54'2��+'2:.� '4*� 68/3'8?� .+'2:.)'8+� 6'8:4+89� ,58� :.+� 5;:8+').�
+,,58:9��

�



�

�8�#+5.�9+8<+9�54�:.+�"/4-'658+��/4/9:8?�5,��+'2:.@9��+4:'2�"6+)/'2/9:��))8+*/:':/54��5'8*����+�
/9� '� �2/4/)'2� �995)/':+� �85,+9958� 5,� :.+� �':/54'2� $4/<+89/:?� 5,� "/4-'658+� '4*� '9� '4� �995)/':+�
�/8+):58�,58��859:.5*54:/)9�9/4)+��		���.+�:+').+9�'4*�='9�/4<52<+*�/4�:.+�)2/4/)'2�:8'/4/4-�5,�:.+�
6859:.5*54:/)9� 8+9/*+4:9� '4*� :.+/8� 8+9+'8).� :.+9/9� 6850+):9�� �4� '**/:/54�� .+� 9+8<+9� 54� 4;3+85;9�
)533/::++9�5,�:.+�"/4-'658+��+'2:.�"+8</)+9�-85;6�5,�)536'4/+9��
�
�8�#+5.�+405?9�6.5:5-8'6.?�'4*�:8'<+22/4-��'9�5,:+4�'9�./9�9).+*;2+�6+83/:9��
�
�
�
��
�
����������������������	���
�
�������������������������������������������������������������������������

�+'2:.)'8+�9?9:+39�')8599�:.+�=582*�'8+�,')/4-�).'22+4-+9�*;+�:5�'-/4-�656;2':/54��./-.+8�).854/)�
*/9+'9+�/4)/*+4)+��8/9/4-�6;(2/)�+>6+):':/549�'4*�.+'2:.)'8+�)59:9���58�9;9:'/4'(/2/:?��.+'2:.)'8+�
9?9:+39�3;9:�:8'49,583�:.+/8�35*+2�5,�)'8+�:5�3++:�9;).�).'22+4-+9��#./9�68+9+4:':/54�=/22�
./-.2/-.:�5;8�05;84+?�/4�.+'2:.)'8+�:8'49,583':/54�;9/4-�'�<'2;+�('9+*�'6685').��/4:+-8':/4-�58'2�
.+':.�'9�6'8:�5,�-+4+8'2�.+'2:.��'4*�6'8:4+8/4-�68/3'8?�)'8+�:5�/3685<+�656;2':/54�58'2�.+'2:.�
')8599�:.+�)'8+�)54:/4;;3���+'2:.�9+8</)+9�8+9+'8).�56658:;4/:/+9�'4*�,;:;8+�*/8+):/549�=/22�(+�
9.'8+*��

�

�

�

�

�

�



�����

 ������ ����������	��������
���
�"�!����	�������������

�&&"���'���� ��%�"���'��������%"��"�"�,�������"%&,'��!&'�'('��
�� ��%�"�����(�',���%���������!���!���'�"!��!��  (!�',����%)�%�����""��"��	�!'���������!��

�
�
�%��� ��%"��"'���&��!�� #"%'�!'�#�%'�"��'����( �!� ��%"��"'���'���&��)"�)���*�'���"&'��!��#��,&���

�%(����� %"��� �!� �( �!� ����'�� �!�� ��&��&��� �(�'(%���!��#�!��!'� &�$(�!��!�� �'�"�&� ��)�� %�)������
%� �%������ ��)�%&�',� *�'��!� "%���  ��%"��" ��� �(%� �����',� '"� ���!'��,� �!�� �&"��'�� "%���  ��%"�����
%�&���!'&� �!�� ����#��%� '���%� �+'�!&�)�� �!'�%��'�"!&� ��&� %�#���,� �!�%��&��� *�'��!� '��� #�&'� ��������
�"*�)�%��"(%�(!��%&'�!��!��"��'���"%��� ��%"��"'���&��!���"�"������&,&'� �*�'����)�%&����!'�%��'�)��
�!'�'��&�� �&�*���� �&� �'&� � #��'�"!��"&'�����'���!����&��&�� �&� &'���� �!� �'&� �!��!�,���%��� ��%"��" �� �&�
�" #"&���"����)�%&���"!)�!'�"!������'�%����&#����&���(!�����!��)�%�������'�%�"#�������" #"!�!'&���&�
*���� �&� %���!'�,� ���!'������ !�!"�&�-��� ��!����'�� ��,��� �����'�"!� ������ "%��!�& &�� ����!'�,�
��)��"#���'���!�$(�&�#%")������ "%���!��(&�)��)��*�"��'�����"�"�,�"��'����( �!� ��%"��" ����"%�
�+� #����'���!�*�,����!'������#�%�&�'���%���'�"!&��#���'*��!�'��������%"(#�"��(�'%�& �������'�%����!��
'���%����'�%�����"&'&�%�#%�&�!'&���!")����*����������,��"  "!���!'�%&#����&��!'�%��'�"!�*�'��!�'���"%���
 ��%"��" ������!*������"%������'�%���.�(!�����!'�%��'�"!&���������'�'���� #"%'�!���"���!'�%��!��" �
�!'�%��'�"!&��!�'���#�'�"��!�&�&�"��#"�, ��%"�������&��&�&���(%'��% "%���'���#%�)���!����!����)�%&�',�
"�� �,&"��!��� �!�� �,'��� "%��� #����&�  "�(��'�� �"  (!�',� &'%(�'(%�� �!�� �(!�'�"!���',� "�� '��� "%���
 ��%"��"'�����'��'��&��!�*��!"*���������!��'��%���&��!�(%��!'�!����'"�#%" "'��%�&��%����"%������#�
&,&'� &���)���(!��%&'�!��!��"��"%��� ��%"��" ����"�"�,�"!����"��&'�����)��������!'�!�!���"�� ��%"�����
�" �"&'�&�&��&��%(������!� ��!'��!�!������'���*������,&��"'���"%��� ��%"��" ��"�'�!�����&�'"��"�����!��
&,&'� ��� ��&��&�&�� 
����'�)��  �!��� �!'� "�� "%���  ��%"��" ��%���'��� ��&��&�&� ����&� �"%� ��  "%��
�" #%���!&�)��(!��%&'�!��!��"��'���� #��'�"��'���"%��� ��%"��"'��"!��"&'�����'���!����&��&���*�����
%�$(�%�&� �� �"��&'��� )��*� "�� �!'%��� �!�� �%"&&���!��" � �!'�%��'�"!&� � "!��  � ��%&� "�� '��� "%���
 ��%"��" ����&�*�����&� ��%"������"&'� �!'�%��'�"!�� ��(��������#�&,&'� &���)���(!��%&'�!��!���'� '���
 "���(��%�&'%�'( ��� �!�&��+#�!&�"!�"��"(%��!"*������ �%" ����'�%���� �!'�%&#����&� �!'�%��'�"!&� '"�
�!'�%��!��" ��!'�%��'�"!&�� "!�����'�%����������(!�����!��)�%(&�&��'�*���������������!��!��'�&��'��'�
!���&&�'�'�&���&,&'� &���)����##%"�����!��*"(�����!���'� �%" ���"&���"����"%�'�"!&�� "!�������%�!'�
%�&��%����%"(#&��
�
�
� �



����
�������
����
�
�������������%��#0���
�;;7+1)<-� -5*-:�7.�%<)..�� 1+:7*1747/A��&0-��7:;A<0��6;<1<=<-�
 -5*-:� 7.� �)+=4<A��":)4� -,1+16-�� �6.-+<176� )6,� �55=61<A���):>):,� %+0774� 7.��-6<)4�
 -,1+16-�
�,,:-;;��
���1:;<�%<���)5*:1,/-�� ���
	�
�
&-4���	����
��

�������5)14��@0-�.7:;A<0�7:/�
�
������������ �
	����	���� ����%�� �-6<1;<:A� #-316/�'61>-:;1<A���016)�

����
���� #0��  1+:7*1747/A��&0-;1;�),>1;7:���:���4)A��=9=)���6,1)6)�'61>-:;1<A��
'%��
�

����������������������
	����	���� $-;1,-6<���#:7;<07,76<1+;� ��������������������#-316/�'61>-:;1<A��%+0774�7.�%<75)<747/A���016)�

����
�	�� #7;<,7+����� 1+:7*1747/A��#���(-6A=)6�%01����'����;+0774�7.�,-6<1;<:A�
�
������"������������������������

�	��
�	�� �,2=6+<��;;1;<)6<�#:7.-;;7:� �������������":)4��1747/A� '����%+0774�7.��-6<1;<:A�

�	��
�	�� �,2=6+<��;;7+1)<-�#:7.-;;7:� �������������":)4��1747/A� '����%+0774�7.��-6<1;<:A�

�	��
�	�� �;;7+1)<-�#:7.-;;7:�16�$-;1,-6+-� ":)4��1747/A� '����%+0774�7.��-6<1;<:A�

�	��8:-;-6<������;;7+1)<-� -5*-:�7.�%<)..� ������������� 1+:7*1747/A� &0-��7:;A<0��6;<1<=<-�

�
��8:-;-6<� � -5*-:�7.��)+=4<A���������	�����	����
	��������������������):>):,�%+0774�7.��-6<)4� -,1+16-�
�
������������������ �������������
����������

�	������;;7+1)<-�#:7/:)5��1:-+<7:�.7:�#7;<,7+<7:)4�&:)1616/�#:7/:)5���&0-��7:;A<0��6;<1<=<-�
�
�����������
��#����

�	�� �-)6D;��)+=4<A�%--,��:)6<��?):,� '����%+0774�7.��-6<1;<:A� $-;-):+0�

�	�� �7:;A<0��744)*7:)<1>-�/:)6<;� �7:;A<0��6;<1<=<-� $-;-):+0�
�
��������� ��!����
!)<=:-�  1+:7*1747/A�� �6<-:6)<176)4� %7+1-<A� .7:�  1+:7*1)4� �+747/A� �7=:6)4�� #:7+--,16/;� 7.� <0-� !)<176)4�
�+),-5A� 7.� %+1-6+-;� 7.� <0-� '61<-,� %<)<-;� 7.� �5-:1+)�� �7=:6)4� 7.� �-6<)4� $-;-):+0�� �7=:6)4� 7.� �8841-,�
 1+:7*1747/A���:+01>-;�7.�":)4��1747/A���8841-,�)6,��6>1:765-6<)4� 1+:7*1747/A��#=*41+��1*:):A�7.�%+1-6+-�
"6-��7=:6)4��%+1-6<1.1+�$-87:<;�� 1+:7*1)4� 1+:7*1747/A���:76<1-:;�16� 1+:7*1747/A���6<-:6)<176)4��7=:6)4�7.�
":)4�%+1-6+-�� 1+:7*1)4��+747/A���% ����
�
	������ ����������������������
	���B�75-;<1+)<176�7.�A-<�<7�*-�+=4<=:-,�51+:7*-;C�

���B'6,-:;<)6,16/�<0-�;7+1)4�;<:=+<=:-�)6,�+755=61<A�.=6+<176)41<A�7.�07;<�);;7+1)<-,�51+:7*175-C�
����B%<=,A16/�<0-�-+747/1+)4�1587:<)6+-�7.�16,1>1,=)4�*)+<-:1)4�;8-+1-;�?1<016�07;<�);;7+1)<-,�51+:7*175-C�
����B 1+:7*1)4��7;<��6<-:)+<176C�
��B�->-47816/�67>-4�)6<151+:7*1)4;�16�8:->-6<16/�,-6<)4�+):1-;C�
�



�����

�� ��������!�� �������� ����������������������"������ �������������������

�!�� ����������� ���! �� ���!������ ���
	!������������������	�!��������� ������������!��������������������������������

�������������������������������" ����"���������������������
�� ����������������
�����*�'�$#�$���&�!���$!$�+��#��	�$���"�'(&+���������'$#�
�#(�&��$&��##$*�(�*����#(�'(&+���#�������*�'�$#�$����*�#����

�&$'(��(�����#(�'(&+���$�$ )��#�*�&'�(+��&��)�(�����$$!�$����#(�'(&+�
�����%�&("�#(�$�������(&�����#(�'(&+����)!(+�$����#(�!�������#����#�*�&'�(�'���&!�#������)&���+����#�$#�'���

�
	%��(�$+! ��� !)%�)�����&�����&��!��&�%�"$!�'�����$!��%'��$%��"$!&�� %�� ����� !�����%��+�!$���

���$!��!��������$���&��&!�&���! %�&�� ��"$!�$�%%�!���� &�����$��%�� ��"�$�!�! &�&�%������ &�+����%���%�
%'��$%��"$!&�� %��� ����� !�����%��&�����&��!��&�%���$�(����$!���&�� !��� �� �&$�&�%��$����%!��&&$��&� ��
�&&� &�! ���&�� !��� �� �&$�&���$�� �$�#'� &�+� &��� � � ��%����!�!���$� �%�� ���$�� � ����+�(���&����%��
$�%"��&�(��+������� ���&��!��,���&�� !�� &!����&�����+����)����� �%� ��"!&� &� ��$�� !�� �� ������&�
�! &$��'&��&!�&���� �'�&�! �!��!$���� ��'""�$�����%&�(��&$��&��� ��$������������� ���&��!��,�� �&$�&��
&!� �&$�&���)�������%�&)!�"!%�&�(�������&%��� &����$!����������&�� ��(�%!����&!$+������&�����%��&)!������&%�
����&��! &$��'&��&!�&������ &� � ���!��&���!$���� ��%+%&���������&�������$!���!������ ���� &�� � ��
!'$�����&����+�����$��&�$�&�� �)���*"��&��	%�&�����$%&�&!"������)����� &$!�'���!'$�$��� &�%&'���%�! �&���
�&�� !��� �� �&$�&����&��!��%��!��!$������&�$����

�!%&�"$�(�!'%����&�$�!�!������%&'���%�! ������(����� �+��%����-)��&��� �%�!�����&�$����$��"$�%� &�
� ���.��!)�(�$�� �&� �%� ��"!$&� &� &!� $������$� &��&���&��!��&�%� �$�� &�����$��&� ��'%��!������&�� � ��
��%��%��� ��&��&��(� ����&���&�$��&������&�$����$��"$�%� &��&��+�)!'��� !&���(��� +������&�' ��%%�&��+�
�$����&��!������+���&�(����'$&��$�!$������&�$������&��!��%���� �����!��������+�(�$�!'%�� (�$! �� &���
���&!$%� � � &���!$��� ��(�&+� %'��� �%�"��!*+�� ��  '&$�� &%� �&������$��!$��� � � ����&�! � &!� &������&�$����
�!�"!%�&�! �!�������&��%� ���%%�$+�&!�' ��$%&� �����&�$������&��!������&�(�&+�� �&������!$�&!�� %)�$�
&���#'�%&�! �-!)��!�&������&�$����' �&�! �� �&������.�����$���$��&)!���� �%&$�&����%��!$�� ��+,� ��
&�����&��!������&�(�&+�!�����&�$���� �&�������� ���%����! (� &�! �����&�!���� �)�����$�"$�%� &�&�(��
���&�$���� �&�������$�����!)���&!���&��!��,��%'�%&$�&�%�' ��$��! ��&�! %�&��&�������&�!%��!��&�������
� ��&�����&��!������&�(�&+�� ��"�&�)�+%��$���%&���&��������!&��$��%�&�����&��!�!���%�!������� �)�����
��&��!��&�%�� ����%��"��%��$���!�"$��� %�(��+�� ��+,���� ����&��!������&�(�&��%��$���%&���&����+�
$��! %&$'�&� ����&��!����"�&�)�+%��

������&��!�!���%�!�����%��"��%��%�&�!'��&�&!����! ��!��&����!%&�%'�&�������&�!�%��!$��(��'�&� ��
&�����&��!������&�(�&+�!������ �(�(!��!)�(�$��� ����&��&�����&��!����"$!"�$&+�� ���&'����'�� ����
$���� %�' ����$��'��&!�&��� ���������&�&�! ��
�� �����%"����� ��%'����%�!$�����!�����%��"��%��)�$��&!!�
%�����&!����� ��+,���'%� ���! (� &�! ���� ��+%�%�!����&��!��&�%��� �&��%��&)!�������%��&���&��� �#'�%�
� �� &��� ��(���%� �!$� -��&��!�!���%.� ��(�� ��� � ��(��!"��� $�"���+�� )����� ��%� ���"��� %!�(�� &��%��
&��� ���������&�&�! %��� ����)���""�����&����!��� �&�! ���(���%�!����"����$+�����&$!"�!$�%�%�� ��&����
!�������&���%%�%"��&$!��&$+�&!���&��!�!���%�!����&'����'�� ������ �����$������&�����&��!���� �&)!$��



!����$�!�+�$�&�%�� ����� !�����%�� �&��������&�%�!'������ !&���&��&��! (� &�! ���� �(�&$!���&��!����
%&'���%�'%� ��$�"$�%� &�&�(�����&�$���)�$���#'���+���"!$&� &�&!���&�$�� ��� ���! ��$��&�����&��!����
 �&)!$��� ��������%��!�%�$(�&�! %�%'���%&�&��&�&�����&��!�!���%�'%� ����&'����'�� �����%��%%� &����
�!$� &��� ��(��!"�� &� !�� ���'$�&�� ���� !%&���� �����&�(�� &$��&�� &%� � �� "$�(� &�(�� %&$�&����%� �!$����
$���&���!$�����%��%�%�� ��'&'$���	&�&���%����&������! (� &�! ���� �(�&$!���&��!����%&'���%��$�� ���%%�$+�
�%����!�"���� &����""$!����&!���&&�$�' ��$%&� ��&�����&��!��%��!������	%�&���%��! ��&!"������)����
� &$!�'���!'$�%&'���%�! �&�����&��!�!���%�!������

������&��!��%�%�� � &��������(����� �� (!�(���� ��!&������&��� ����%��%����!)�(�$�� &���)�!���
"��&'$��!����&��!����%+%&���� �� �&)!$�� � � &�������%�%&����' ����$���'$&��$������� ��� �%� ������&!�
"�! ��$� �)�&��� !�!���%�� ����� ������"�$�' ��$%&� �� ��!������
�
�

��������
��������
�

�������	��������� ���*���
�+6+3+0/�0(��2#-��%0-0)9�#/&��+0%*'.+3429�
!0*0,5�"/+6'23+49��2#&5#4'� %*00-�0(��'/4+3429�
����	�������
�		
�������� ��!0*0,5�"/+6'23+49� %*00-�0(��'/4+3429�
�		������*����!0*0,5�"/+6'23+49��2#&5#4'� %*00-�0(��'/4+3429�
�		������'3'#2%*��33+34#/4��20('3302��!0*0,5�"/+6'23+49��2#&5#4'� %*00-�0(��'/4+3429�
�		����	
������33+34#/4��20('3302��!0*0,5�"/+6'23+49��2#&5#4'� %*00-�0(��'/4+3429�
�	
��
	�12'3'/4���'%452'2���5/+02��330%+#4'��20('3302���!0*0,5�"/+6'23+49��2#&5#4'� %*00-�0(��'/4+3429�
���������	����
�������
�!&�$!�&�"!����%%"���&�"!�"����!&�����%��$�����	������������#�!�%��


�"��� �%&$)��"���&)�����#�!�%��	%%"���&�"!��"$��$���
�"�"�)���������#�!�%��

�"���&)��"$��$������&������#�!�%���"���&)�"���$����!����(���"��������'$��"!%���

�"�"�'���!&����"���&)�����#�!�%���"���&)�"���'!�&�"!����""�%��"$��$������&�

*�������
"�$�� � ��$+�
��	�����������
�9�2'3'#2%*� +/4'2'34� +3�:02#-�.+%20$+0.';��'31'%+#--9� +43�:.'4#$0-+3.3;��"/4+-�/07�� ��*#6'� +/6'34+)#4'&� 4*'�
.'4#$0-+3.�0(� 35)#23�� #.+/0� #%+&3�� '4*#/0-�� /+42#4'� #/&�/+42+4'� $9�02#-� $#%4'2+#�� #/&� %-#2+(+'&� 4*'� '(('%43� $9�
6#2+053�'/6+20/.'/4#-�(#%4023��(00&�%0.10/'/43�#/&�&25)3�0/�4*'�.'4#$0-+3.3���524*'2.02'����7#3�+/60-6'&�+/�
-#5/%*+/)�#�.'4#$0-0.+%�4'%*/0-0)9�0(�02#-�.+%20$+0.'��#/&�1'2(02.'&�4*'�702-&�3�(+234�.'4#$0-0.+%�#/#-93+3�
0(�4*'�02#-�.+%20$+0.'���'%'/4-9����#.�#-30�+/4'2'34'&�+/�4*'�.'4#$0-+3.�0(�*034�%'--3��/02.#-�%#/%'2��$#3'&�0/�
4*+3�'81'2+'/%'���07��.9�2'3'#2%*�)2051�+3�429+/)�40�%-#2+(9�4*'�+/4'2#%4+0/�$'47''/�02#-�$#%4'2+#�#/&�*034�%'--3�
(20.�.'4#$0-+%�1'231'%4+6'3���



�����

�!������!�������"&"#�����
������$!!��#�
���#�#���"������$#$!���!#��������
��#������������"����  !�����"�

	�&������%�!�#���
��0%+*�(��!*0�(��!/!�.�$��*/0%010!��%*#�,+.!������������0%+*�(��!*0�(�!*0.!�

�%*#�,+.!���������%*#�!�(0$��1'!�����
�
�*�0$!�,�/0� !�� !��0$!.!�$�/��!!*���0.!)!* +1/�%*�.!�/!�%*�/01 %!/�+*�0$!�(%*'��!03!!*�
+.�(�)%�.+�%+)!��* �/5/0!)%�� %/!�/!/���!��*�(5/! �,�/0�$%#$�0$.+1#$,10�/!-1!*�%*#�
��/! � /01 %!/� 0$�0� !4�)%*!� 0$!� +.�(� )%�.+�%+)!�/5/0!)%��  %/!�/!� (%*'� �* � "+1* �
%*�+*/%/0!*0�!2% !*�!���.+//�/01 %!/� 1!� 0+� %""!.!*�!/� %*� 0$!� %�� /01 5� !/%#*� %%�� �0��
�*�(5/%/�� �* � %%%�� %*0!.,.!0�0%+*�� �0� %/� %),+.0�*0� 0+� 1* !./0�* � 0$!� (%)%0�0%+*/� +"� ,�/0�
/01 %!/��/+�0$�0�"101.!�/01 %!/���*�$�2!���)+.!�.+�1/0�".�)!3+.'���$%/�,.!/!*0�0%+*�3%((�
,.+2% !��*�+2!.2%!3�+"�,+//%�(!�%),.+2!)!*0/�0$�0���*��!�%),(!)!*0! �%*�0$!�/01 5�
 !/%#*�� $+/0� )!0� �0�� �+((!�0%+*�� �* � �*�(50%��(� 0++(/� �* � ,.+,+/!� �*� �.0%"%�%�(�
%*0!((%#!*�!��������/! ��,,.+��$�"+.�"101.!�+.�(�)%�.+�%+)!�/01 %!/�����.%!"� !/�.%,0%+*�
+"�$+3������/! �)��$%*!�(!�.*%*#��* � !!,�(!�.*%*#��,,.+��$!/�$�2!��!!*�!),(+5! �
"+.�)%�.+�%+)!�/01 %!/�3%((��(/+��!�,.+2% ! ���
�
�
�
�

������
���������
�
�//+�%�0!� �.+"!//+.� ��5�� �!*!2%.�0*!� %/� �""%(%�0! � 0+� 0$!� ��0%+*�(�
�!*0�(� �!/!�.�$� �*/0%010!� �%*#�,+.!� ��������� ��0%+*�(� �!*0�(�
!*0.!� �%*#�,+.!� ������� �%*#�!�(0$� �1'!� ����� �!� %/� 0$!�
�%.!�0+.�+"���/%���* ��.�*/(�0%+*�(��!/!�.�$��0������* �(!� /�0$!�
�%*#�,+.!� �.�(��%�.+�%+)%�/� �*%0%�0%2!� �������� �!� +�0�%*! � $%/�
�$��%*��.�(��%�.+�%+(+#5��0��$!��*%2!./%05�+"��+*#��+*#�������
3%0$�0$!��10/0�* %*#��!/!�.�$��+/0#.� 1�0!��3�. ���!��+),(!0! �
�� �%,(+)�� %*� �))1*+(+#5� ".+)� ��/0!1.� �*/0%010!�� ���� �* � �*�
� 2�*�! ��+1./!� %*��.+0!+)%�/��%+%*"+.)�0%�/� ".+)� 0$!��1.+,!�*�
�%+%*"+.)�0%�/��*/0%010!�������
�
���.+"��!*!2%.�0*!�$�/�,1�(%/$! �+2!.�
�� &+1.*�(� �.0%�(!/� �* �$%/� .!/!�.�$� 0!�)�$�/�
.!�!%2! � +2!.� 	�� ,.!/0%#%+1/� �3�. /� ".+)� 0$!� �*0!.*�0%+*�(� �//+�%�0%+*� "+.� �!*0�(�
�!/!�.�$����������%/�.!/!�.�$�,.+&!�0/�$�2!��!!*�/1,,+.0! ��5�(+��(��* �%*0!.*�0%+*�(�
"1* %*#� �#!*�%!/� %*�(1 %*#��%*#�,+.!���0%+*�(��! %��(��!/!�.�$�+1*�%(� �������
���.+"��!*!2%.�0*!6/�.!/!�.�$�#.+1,�$�/�+*#+%*#�/01 %!/�+*�+.�(�)%�.+�%+)!�/5/0!)%��
(%*'�3%0$��%*#�!�(0$�,�.0*!.�%*/0%010%+*/���
�
�



�����

��� #�� ������ !��������������� ������������� ���������������� ����������"���
 ��� ��� ����������

���$�
!������������
�$���	�!%��� ��%�����'�&+�!��
� &�%&$+��� �(�$%�&+�!���! ���! ��

�
��!'%� �%�!�������$� &�%"����%��"�+�!&+"�%��!�����&�$���� ����&�&����'�� �!$�����(�&+��
���+� ��(�� � � �!�"��*��'�&�%"����%� ��!����� �!��' �&��%�� )�&�� � ��$!���� !$� !*+�� �
��"��&��� ����%�! �&�����$����� �$���,����!$�%!�&���'�!%����&�%%'�%����(�$����' �$��%�!��
�����$� &�!$������&�$����%"����%���(����� ��'�&�(�&���� �(�&$!�� ���!$����+����$��&�$�,����
)���%&��� +�!&��$%��$��"!!$�+�' ��$%&!!��!$���(��+�&�&!�����'�&�(�&�����
���� !$��� ���$!��!&�� !�� %�(�$��� �������� � %"����%� ������ �!�%�� ��&%�� ��(�� ��� �
���$��&�$�,�������+��� �$���+�%��$��%�� ����� &�%�����$�&+�&!�&����'�� �!$������$!��!����
�'&���(���� +���%&� �&����&'$�%��	+��!�"�$� ��&����!�"!%�&�! �!��&���!$������$!��!&��
� ��'�� %�� ��� ����%��)����+���&� ����&&�$�' ��$%&� �� ��!�� �!��! ������ �%�%�
' ��$�+� ��$�%���� &�-����&�+.��!��!%&�&%�%���'��!%�%���%�)�����%�-' ����&�+.��+%��!%�%��
)�������+������&!�!$�����%��%�%�%'����%���$��%�!$�"�$�!�! &�&�%���
 � &��%� &����� � )���� � &$!�'��� %�(�$��� $��� &� !$� ! �!� �� "$!���&%� $���&� �� &!� &��� !$���
���$!��!&��� ��'�� %�� ��!&��$�������%��� ���)������%�'%%��!)�&��%�$���&�%�&!�!$���
����&���)�&���!�'%�! �"�$�!�! &�������&����)������%�'%%�!'$�$��� &��&&��"&%�&!�&$� %"�� &�
��-����&�+.��� � ��"�$�!�! &������$!��!&��� &!��!�%�)�&��"�$�!�! &�����%��%���&!�&$+�&!�
��"$!(��&���$�"�$�!�! &�������&����)������%!���%�'%%�!'$�$��� &�� (�%&���&�! %�� &!�&���
!$������$!��!&��!�������$� �)�&���� ��(�&�%���)����&�� ��!�'%�! �&������ �������%&$��'&�! %�
� ���� !�����!�!�+�!��!$���%"�$!���&�%�� ��'�� ���$�"! ������ &��!���� ��-�$�"! ����
(� �� &����$�"! ��������'������.����&�$����&�*����
	+��!(�$� ��&��%��&!"��%���&��%��!"���&��&���� ���������&�%!�����"!$&� &��!��! ���&��%�
� �� ' �#'�� ���&'$�%� !�� &��� ���&�$���� ���&!$%� &��&� ' ��$���� "�$�!�! &��� ����&�� (�$%'%�
��%��%���
�
�
�
� �



�������	�
������
�

��!�������������"/�� � �
�
��������������������
�4*846�4-�"/014745/<���/,20786<��&30:,6708<�4-��+03)96./��&��	���	����
�(*/,146�4-�$*0,3*,��	78�*1(77��437����/,20786<��&30:,6708<�4-��+03)96./��&���
	��	�	���
�
	���������������	��������
�774*0(8,�"64-,7746�03�!6(1��047*0,3*,7���(*918<�4-��,380786<��&30:,6708<�4-��43.��43.��
�	��56,7,38��
�
	����������������	��������������
�77078(38�"64-,7746�03�!6(1��047*0,3*,7���(*918<�4-��,380786<��&30:,6708<�4-��43.��43.��
����	��
#,7,(6*/��77078(38�"64-,7746���/,20786<��,58���&30:,6708<�4-��43.��43.� � �������
�������
#,7,(6*/��,114;���/,20786<��,58���&30:,6708<�4-��43.��43.�� � � �������
�������
$,3046�#,7,(6*/��774*0(8,���04*/,20786<��,58���&30:,6708<�4-��43.��43.� � �������
��	����
#,7,(6*/��774*0(8,���/,20786<��,58����64;3�&30:,6708<��"64:0+,3*,�#���&$�� ���	����
����
�
	�������������������
�06,*846���,386(1�#,7,(6*/��()46(846<���(*918<�4-��,380786<��&30:,6708<�4-��43.��43.�
������56,7,38�
�774*0(8,��,(3��#,7,(6*/�(3+��334:(8043���(*918<�4-��,380786<����&� ��������������������
�
����(3��93��
#,7,(6*/�%/,2,��,(+,6�� 0*64)042,��334:(8043����(*918<�4-��,380786<����&��������������
�	��56,7,38��
#,7,(6*/�%/,2,��,(+,6��!6(1� 0*64)0414.<�(3+��2293414.<����(*918<�4-��,380786<����&�
����
�	��
�
���������������
�������
�������� ���������
!6(1� 0*64)042,�(3(1<707�,75,*0(11<�6,1(8,+�84�5,604+438(1�(3+�5,60�0251(38�+07,(7,7��"648,420*7���,3420*7��
$869*896(1� �0414.<�� (3+� �3-,*80497� +07,(7,� +0(.34780*7�� �+,380-0*(8043� (3+� */(6(*8,60=(8043� 4-� 5648,037� (3+�
241,*91(6�5(8/;(<7�03:41:,+�03�)(*8,60(1�786,77�6,7078(3*,��:0691,3*,��(3+�)04-012�-462(8043��,75,*0(11<�6,1(803.�
84�5,580+(7,7�5648,(7,7��541<5/475/(8,�2,8()41072���5�55�55�70.3(103.��(3+�39*1,480+,�2,8()41072���,3420*��
5/<14.,3,80*�(3+�)0414.0*(1�(3(1<707�4-�46(1�)(*8,60(��5(680*91(61<�86,543,2,7��75064*/,8,7���
�

�������	��"���
#,7,(6*/��;(6+�03� 0*64)0414.<����2293414.<���",604+438(1�#,7,(6*/��
�8/��38,63(8043(1����#�$498/��(78�
�70(��339(1�$*0,380-0*� ,,803.���(10��
�	�
#,7,(6*/��;(6+�03� 0*64)0414.<����2293414.<���",604+438(1�#,7,(6*/��
�8/����#�$498/��(78��70(��339(1�
$*0,380-0*� ,,803.���43.��43.��
�	
�
�(*918<�#,7,(6*/�!98598�"60=,���(*918<�4-��,380786<��&30:,6708<�4-��43.��43.��
�	
�
�
�����������������
���������
�����������������	�	����1030*(1�!6(1��251(387�#,7,(6*/��
�
	�56,7,38��
�	��	�����������64380,67�03��,1191(6�(3+��3-,*8043� 0*64)0414.<��
�
��56,7,38��
�	��	�	��
�����4963(1�4-��,38(1�#,7,(6*/���4963(1�4-��(*8,60414.<��$*0,380-0*�#,54687��"�4$�!3,���4963(1�4-�
",604+438(1� #,7,(6*/�� �4963(1� 4-� ",604+438414.<�� �4963(1� 4-� !6(1�  0*64)0414.<�� �1030*(1� !6(1� �251(387�
#,7,(6*/�� 41,*91(6�!6(1� 0*64)0414.<���6*/0:,7�4-�!6(1��0414.<�� �38,63(8043(1� �4963(1�4-�$<78,2(80*�(3+�
�:4198043(6<�  0*64)0414.<�� �4963(1� 4-�  ,+0*(1�  0*64)0414.<�� � ��  0*64)0414.<�� '0691,3*,��  0*64)0(1�
"(8/4.,3,707���64380,67�03��,1191(6�(3+��3-,*8043� 0*64)0414.<�



�����

�� �����������������������������"�� ��!�� ����������� ���������� ��������
����� �����!�� �������� ����������������������������������!�����

�
	����!��������������	���
�����	��������
���	�����	���

�0<09054�5-��52,*;2(8�!/(83(*525.?�(4+��,22��056/?90*9���,6(8:3,4:�5-��09,(9,��(4(.,3,4:�
�,4:09:8?���8(+;(:,�#*/552�5-��,4:09:8?��$5/51;�%40<,890:?��#,4+(0���(6(4�

�
$/,�6,806/,8(2�9,4958?�4,8<,9�3;9:�),�3(04:(04,+�:5�9,49,�,4<08543,4:(2�*/(4.,9���58�,>(362,��

:/,�90@,�(4+�:/,�4;3),8�5-�";--040�,4+04.9�04�8(:�6,805+54:(2�20.(3,4:��8!����+,*8,(9,�)?�8,+;*04.�
:/,� 3,*/(40*(2� 9:03;2(:054� �#/0� ,:� (2��� 
����� 9;..,9:04.� :/(:� +(02?� 6/?90525.0*(2� 3,*/(40*(2�
9:03;2(:0549��201,�5**2;9(2�-58*,��*54:80);:,�:5�4,8<,�/53,59:(909�+08,*:2?�58�04+08,*:2?���5=,<,8��:/,�
04+08,*:�3,*/(40939��,96,*0(22?� :/,�352,*;2(8�*;,9� :/(:�(8,� 8,2,(9,+� -853�3,*/(40*(22?�9:03;2(:,+�
6,806/,8(2�:099;,9�(4+�:/,08�,--,*:9�54�6,806/,8(2�4,8<,9�8,3(04�:5�),�,2;*0+(:,+���,8,��=,�+,3549:8(:,�
:/(:�&4:(��54,�5-�:/,�(>54�.;0+(4*,�685:,049��09�8,2,(9,+�-853�3,*/(40*(22?�9:03;2(:,+�8!���*,229�
(4+�68535:,9�,254.(:054�(4+�)8(4*/04.�5-�6,806/,8(2�4,8<,9���?*20*�3,*/(40*(2�9:8,:*/04.�5-�8!���
*,229�,4/(4*,+�������,>68,99054�04�(��(���+,6,4+,4:�3(44,8���2:/5;./�04/0)0:589�5-������#!���	
��
58� 4;*2,(8� -(*:58�C�� ����C��� ���'� 		����
�� +0+4A:� ()5209/� :/,� 04*8,(9,� 04������� ,>68,99054��
04/0)0:589�5-����	�
��%�	
���(4+�!������'
����
��9;668,99,+�:/,�6/596/58?2(:054�5-��"�	�
�(4+�
�1:��8,96,*:0<,2?��(4+�*549,7;,4:2?�()5209/,+�:/,�04*8,(9,�04�������,>68,99054��#0302(82?��!���

���
(� -5*(2� (+/,9054� 104(9,� ������ 04/0)0:58�� (::,4;(:,+� �"�	�
� (4+��1:� 6/596/58?2(:054� (4+�������
,>68,99054���3658:(4:2?��:/,�*;2:;8,�3,+0;3�5-�9:8,:*/,+�!���*,229�,4/(4*,+�4,;80:,�,254.(:054�(4+�
)8(4*/04.� 5-� :80.,304(2� .(4.2054� �$��� (4+� :80.,304(2� 3,9,4*,6/(20*� 4;*2,;9� ��,�� 4,;8549��
�58,5<,8��:8,(:3,4:�=0:/�(�4,;:8(20@04.�(4:0�&4:(�(4:0)5+?����!$��(�B�9,*8,:(9,�04/0)0:58�;9,+�:5�
04/0)0:�"?1�90.4(204.���58�9:80*:0404��(�"58	�04/0)0:58���9;668,99,+�:/,9,�,--,*:9��$/,9,�-04+04.9�8,<,(2�
:/(:�&4:(��=/0*/�09�8,2,(9,+�-853�*544,*:0<,�:099;,�04�8,96549,�:5�3,*/(40*(2�9:03;2(:054��04+;*,9�
,254.(:054� (4+� )8(4*/04.� 5-� :/,� 6,806/,8(2� 4,8<,9��  ;8� 9:;+?� 9;..,9:9� :/(:� :/,� 6,806/,8(2� :099;,9�
8,.;2(:,�6,806/,8(2�4,8<,�/53,59:(909�(4+�:/(:�&4:(�90.4(204.�*5;2+�),�(�:/,8(6,;:0*�:(8.,:�-58�:/,�
:8,(:3,4:�5-�6,806/,8(2�4,8<,�+0958+,89��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



��

�����	������
�
�
�
�������������	��������������
�20'&3302���*6*3*0/�0'��0-&$5-"2��)"2."$0-0(8�"/%��&--��*01)83*$3���&1"24.&/4�0'�
�*3&"3&��"/"(&.&/4��&/4*3428�� 0)0,5�!/*6&23*48��2"%5"4&��$)00-�0'��&/4*3428�
�%%2&33��	�����&*280�."$)*���0#"�,5���&/%"*������
�
��������
�
����������
���� ���2"%5"4&%�'20.��853)5�!/*6����"$��0'��&/4����5,50,"���"1"/�
���� ���&3*%&/4�"4��&14��0'��2"-��52(&28���853)5�!/*6���&/4���031*4"-�
���� ���)����345%&/4�"4��&14��0'��)83*0-����2"%���$)��0'��&%����853)5�!/*6��
��� �)����345%&/4�"4��&14��0'��&5201)83*0-����2"%���$)��0'��&%��� 0)0,5�!/*6��
��� �034%0$402"-� �&--07� "4� �&14�� 0'� �)"2."$0-�� �� �&--� �*01)83��� !/*6�� 0'�

�*/$*//"4*���$)��0'��&%����*/$*//"4*�����
�
���������������������
�
� ���&3&"2$)��330$*"4&�"4��/34*454&�0'��0-���)"2."$0-�����*01)83���!/*6��0'��*/$*//"4*�
�
� �&3&"2$)��330$*"4&�"4��&14��0'��/'02."4*0/��)83*0-����"4*0/"-� �/34*454&�'02��)83*0-0(*$"-��$*&/$&3��

�,"9",*���"1"/�
������ �330$*"4&��20'&3302�"4��&14��0'��)83*0-����"$��0'��&%����"(03)*."�!/*6����"(03)*."���"1"/�
���	� �330$*"4&��20'&3302�"4��&14��0'��8/4)&4*$��)&.�����*0-���)&.����2"%���$)��0'��/(*/&&2*/(���8040�

!/*6����8040���"1"/�
����� �20'&3302�"4��*6��0'��0-���)"2."$0-�����&--��*01)83����&14��0'��*3&"3&��"/"(&.&/4��&/4����2"%��

�$)��0'��&/4��� 0)0,5�!/*6����&/%"*���"1"/�
�
	�������
������
 )&�."+02�(0"-�0'�.8�2&3&"2$)�*3� 40�&-5$*%"4&� 4)&�01&2"4*/(�12*/$*1-&3�0'� 4)&�#0%8�"4� 4)&�.0-&$5-"2� -&6&-� 40�
."*/4"*/� )0.&034"3*3�� �/� 1"24*$5-"2�� �� ".� */4&2&34&%� */� 4)&� .&$)"/*3.3� 0'� 2&(5-"4*/(� */42"$&--5-"2� �"���
$0/$&/42"4*0/��"/%�42"/3%5$4*0/�.&$)"/*3.3�0'�02"-�3&/3"4*0/3���8�2&3&"2$)�4"2(&43�"2&� ���$)"//&-3��"/%��"���
1&2.&"#-&�$"4*0/�$)"//&-3�*/$-5%*/(�60-4"(&�("4&%��"���$)"//&-3�"/%�-*("/%�("4&%�$)"//&-3�����



�����


������������ �������"������" �������� �����"����������"����������$�� !�
�

�������#���!�"������������������
�%-3!+��3%,��%++��).+.'8��%2%!1#(��-)3���7#%++%-#%��%-3%1�.&��%'%-%1!3)5%��%-3)2318���

�!#4+38�.&��%-3)2318���(4+!+.-'*.1-��-)5%12)38���!-'*.*���(!)+!-$�
�
�%#(!-)#!+�&.1#%�,.$4+!3%2�,!-8�#%++�1%2/.-2%2��%2/%#)!++8�)-�/%1).$.-3!+�+)'!,%-3���%1).$.-3!+�

+)'!,%-3�#%++2�2%-2%�,%#(!-)#!+�23),4+!3).-�5)!�-4,%1.42�,%#(!-.1%#%/3.12���)&&%1%-3�&.1#%�&!#3.12�
!+3%1� $)23)-#3� #%++� 1%2/.-2%2�� �%� $%,.-231!3%$� 3(!3� 3(%� #.-3)-4.42� ������ !-$� )-3%1,)33%-3� ������
#.,/1%22)5%� &.1#%�$)&&%1%-3)!++8�#.-31.+�'%-%�%7/1%22).-�!2�$%3%1,)-%$�"8�!�()'(� 3(1.4'(/43����
2%04%-#)-'���%-%�%7/1%22).-�/1.&)+)-'�.&�(4,!-�/%1).$.-3!+�+)'!,%-3�#%++2��(���2��!&3%1�����.1�����
31%!3,%-3�$%,.-231!3%$�3(!3�3(%�4/1%'4+!3%$�'%-%2�6%1%�1%+!3%$�3.�%731!#%++4+!1�,!31)7�������1%#%/3.1�
)-3%1!#3).-��&.#!+�!$(%2).-��!-$�31!-2&.1,)-'�'1.63(�&!#3.1�"%3!������:��2)'-!+)-'�/!3(6!8��6()+%�3(%�
$.6-1%'4+!3%$� '%-%2� 6%1%� )-5.+5%$� )-� #!+#)4,� 2)'-!+)-'� /!3(6!8�� �.6%5%1�� 3(%� $)&&%1%-3)!++8�
%7/1%22%$� '%-%2� )-� 3(.2%� /!3(6!82�6%1%� $)&&%1%-3�� �.1� ����:� 2)'-!+)-'� /!3(6!8�� ������,���
%7/1%22).-�6!2�2)'-)&)#!-3+8�)-#1%!2%$�)-�����31%!3,%-32�6()+%�����$)$�-.3�,.$)&8�3()2�%7/1%22).-��
����	� !-$� ����
�,��� +%5%+2� 6%1%� $%#1%!2%$� "8� ���� 31%!3,%-3�� ���� /1%31%!3,%-3� /1.,.3%$�
.23%.'%-)#�$)&&%1%-3)!3).-�.&�(���2�!2�$%3%1,)-%$�"8� 3(%�4/1%'4+!3).-�.&�.23%.'%-)#�,!1*%1�'%-%2�
)-#+4$)-'��� �!-$�,)-%1!+�$%/.2)3).-�� �-()")3).-�.&�����:�2)'-!+)-'�42)-'�����:�1%#%/3.1� 38/%���
)-()")3.1�.1�����:��-%431!+)9)-'�!-3)".$8�1%24+3%$�)-�3(%�����)-$4#%$��� �%7/1%22).-���413(%1������
:� 1%#%/3.1� 38/%� �� )-()")3.1� /1%31%!3,%-3� !33%-4!3%$� 3(%� ����)-$4#%$�,)-%1!+)9!3).-�� �%2)$%� ����:�
2)'-!+)-'�� ���� 1%'4+!3%$� '%-%2� )-��-3� 2)'-!+)-'� /!3(6!82�����	�����	����������������
�������������� !-$�������,��� +%5%+2� 6%1%� 4/1%'4+!3%$� )-� ���� 31%!3%$� #.-$)3).-�� ����
)-$4#%$� ���� %7/1%22).-� 6!2� !".+)2(%$� "8� /1%31%!3%$� 6)3(� ����®� 1%#%/3.1� 38/%� �� )-()")3.1��
�7.'%-%.42�����®��31%!3,%-3�)-�(���2�%-(!-#%$����	�����������������!-$�������,���
%7/1%22).-�)-�$.2%�$%/%-$%-3�,!--%1���-�#.-#+42).-��3()2�234$8�1%5%!+2�3(%�%&&%#32�.&�����.-�.23%.'%-)#�
$)&&%1%-3)!3).-�)-�(���2�!-$�),/+)#!3%2�����:�!-$��-3�2)'-!+)-'�!2�)32�1%'4+!3.18�,%#(!-)2,2���
�

�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�
����������������������������������������������	�
�������

�
�
��� � (2+8+:2>7�$<+=2+898����'��%2����
��������� %;90/<<9;�
	����
����� �/:+;=7/8=�90��8+=97B���

�/8=+6�'=/7��/66��39691B�&/</+;-2�)83=�
� � �A-/66/8-/��/8=/;�38�&/1/8/;+=3?/��/8=3<=;B���

�+->6=B�90��/8=3<=;B���2>6+698159;8�)83?/;<3=B��
� � ���/8;3��>8+8=�&9+.��*9817+3�
� � %+=2>7@+8���+81595�
	��	�(2+36+8.�
���� � ������			��
��
��� � =2+8+:2>7�9�-2>6+�+-�=2�
�
%;90/<<9;�$<+=2+898�/+;8/.�23<�,+-2/69;D<�./1;//��9-=9;�90��/8=+6�'>;1/;B�0;97��2>6+698159;8�)83?/;<3=B��
(2+36+8.�+8.�0>;=2/;�23<�1;+.>+=/.�<=>.B��9-=9;�90�%2369<9:2B�38�$;+6��39691B�0;97�)83?/;<3=B�90�*+<2381=98��
)'����/�09;7/;6B�</;?/.�+<��3;/-=9;�90�$;+6��39691B�&/</+;-2��/8=/;���+->6=B�90��/8=3<=;B���2>6+698159;8�
)83?/;<3=B���>;;/8=6B��%;90/<<9;�$<+=2+898�3<�+8��<<9-3+=/��/+8�38�&/</+;-2��00+3;<�+8.��/:>=B��3;/-=9;�90�
�)��/8=+6��889?+=398��/8=/;�+=��+->6=B�90��/8=3<=;B���2>6+698159;8�)83?/;<3=B��(2+36+8.���/�3<�+6<9�+��2+3;<�
90��/8=+6�'=/7��/66��39691B�&/</+;-2�)83=���/�</;?/<�+<�=2/�'/839;��A:/;=�+=�=2/��/8=/;�09;��/8=+6��97:/=/8-B�
�<</<<7/8=�+8.��--;/.3=+=398��=2/��/8=+6��9>8-36�90�(2+36+8.�+8.�=2/��2+3;�90��397/.3-+6�+8.��/8=+6�'-3/8-/�
�A+738+=398��/?/69:7/8=��9773==//��=2/��/8=+6��9>8-36�90�(2+36+8.���/�:>,63<2/.�79;/�=2+8��	�:>,63-+=398<�
38� 38=/;8+=398+6� ;/</+;-2� .+=+,+</���3<� ;/</+;-2� 38=/;/<=<� +;/� 
�� 38=;+-/66>6+;� :+=2@+B<�79.>6+=/.� <=/7� -/66�
0>8-=398�� ��� 7/-2+83-+6� 09;-/� +8.� 9<=/91/83-� .300/;/8=3+=398�� +8.� ��� ,397+=/;3+6<� +8.� ./8=38�./8=+6� :>6:�
;/1/8/;+=398���
�
��������������
������

�� "+895+@38-295/����%+?+<+8=�%��!374//;+4+;><��#��!374//;+4+;><�#����
��
��������1><+����"/-2+83-+6�

69+.381�+8.�=2/�-98=;96�90�<=/7�-/66�,/2+?39;���;-2�$;+6��396���	�
�"+B�
���
	�	�����
��� "+895+@38-295/����%+?+<+8=�%��'+@+817+5/����!374//;+4+;><�#��!374//;+4+;><��#���1><+������
��
����

����8=/;73==/8=�-97:;/<<3?/�09;-/�:;979=/<�9<=/91/83-�.300/;/8=3+=398�38�2>7+8�:/;39.98=+6�631+7/8=�-/66<�
,B�;/1>6+=381�=2/�=;+8<09;7381�1;9@=2�0+-=9;�,/=+�:+=2@+B���/66��/+=2��3<��	
��
	�
	����
�

��� "+895+@38-295/����%+?+<+8=�%����
��
��������8=/;73==/8=�-97:;/<<3?/�<=;/<<�;/1>6+=/<�#9=-2�=+;1/=�1/8/�
/A:;/<<398�?3+�=;+8<09;7381�1;9@=2�0+-=9;�E�<318+6381�38�7>;38/�:;/�9<=/9,6+<=�-/66�638/���;-2�$;+6��396��
�	
��$-=���������

�� "+895+@38-295/����'>7;/45+8-2+8+534�%��%+?+<+8=�%����
��
�������#9=-2�<318+6381�:+;=3-3:+=/<�38�(���
,/=+�38.>-/.� '$'(� /A:;/<<398� >8./;� 38=/;73==/8=� -97:;/<<3?/� <=;/<<�� �� �/66� %2B<396�� �	
��
�>1�����������
����	��

���  9;8<>=23<9:98� ��� %3;+;+=� #����
��
���� ���  +6:;+?3.2� ��� �>=96919><� :6+=/6/=�;3-2� 03,;38� <=37>6+=/<�
-+838/�:/;39.98=+6�;/1/8/;+=398��'-3�&/:��	�	6
	�
��
��	��

��� "+895+@38-295/� ��� *+=-2+;+@3:+<� (�� �57/=3:>8=2�  �� �3+743;+-2+;=� "��
��
��
���� ��� �9;<979;:238� +==/8>+=/<� �+11/.
�38.>-/.� 738/;+63C+=398� 38�
2>7+8�./8=+6�:>6:�-/66<���8=��8.9.�����	�
��>1�����.93��
	�



�3/4�
���	��$8638/�
+2/+.�90�:;38=��
�������������������������������������������������	������
�



�����

��!������!"���!��������������	�!� �������!#������ �����!�������� �!��������
�� �����!������� �

�
���$����� �������������

�*(��++(*��"*��,(*�(���*�%���!��"%",�,"('��������"+�")%"'��(����*"(�(',"�+��
�����(���)�*,&�',�(����*"(�(',"�+��1�'�1��',�%��(+)",�%�

��!((%�(���',"+,*1���!���'".�*+",1�(���1�'�1���1�'�1���-+,*�%"��
�

�('+"��*��%����.�'��+�!�.�����'�&����"'�*���',�1��*+�"'�*� �'�*�,"' �%(+,�,((,!�+-))(*,"' �,"++-�+�
�-�� ,(� ,!�� ��.�%()&�',� (�� '�/� &�,!(�+� �'�� &�,�*"�%+� �(*� )�*"(�(',�%� *� �'�*�,"('�� �!�*�)1� (��
&�* "'�%� )�*"(�(',","+� "+� �"&��� �,� �(&)%�,�� *� �'�*�,"('� (�� %(+,� )�*"(�(',�%� ,"++-�+� �*�+,",-,"(� ���
"',� *-&�� *�,!�*� ,!�'� &�*�%1� )*�.�',"' � �-*,!�*� �,,��!&�',� %(++�� �(� ��*�� �,,�&),+� (�� )�*"(�(',�%�
*� �'�*�,"('�!�.�����'�&�����1�-+"' �.�*"(-+�'('�*�+(*���%���'��*�+(*���%��&�&�*�'�+����(*�"' �
,(�,!��)*"'�")%�+�(�� -"����,"++-��*� �'�*�,"('��������+�/�%%��+��"���*�',�,1)�+�(���('�� *��,+�(*��('��
+-�+,",-,�+���(/�.�*���%%�,!�+��+,*�,� "�+��*����+���('���&(*��(*�%�++�&��!�'"+,"��)!"%(+()!1���'��

	��
,!��"',*(�-�,"('�(����*�,!�*��"���*�',��'��"''(.�,".���))*(��!�,(($�)%�����/!�'��-*()��'��-,!(*","�+�
�'��,!������))*(.����'��'�&�%�&�,*"0�)*(,�"'�)*�)�*�,"('�������+��"(%( "��%���+�����."����(*�
)�*"(�(',�%� *� �'�*�,"('���))(+��� ,(� ,!��(,!�*������('��),+�&�',"('������(*��� ,!���))%"��,"('�(��
����(�-+���+)��"�"��%%1�('�,!��*� �'�*�,"('�(��*((,���&�',-&���((,���&�',-&�/�+��('+"��*����+�
,!��$�1�,"++-���(*��'��"'","�,(*�(��)�*"(�(',�%�*� �'�*�,"('���
�!��(�#��,".��(��,!"+�)*�+�',�,"('�"+�,(�(-,%"'���'���.�%-�,��)�+,��'���-**�',��('��),+�(��)�*"(�(',�%�

*� �'�*�,"('�/",!���+)��"�"���(�-+�('�,!��*(%��(��*((,���&�',-&��'��,!��"'.(%.�&�',�(���'�&�%�&�,*"0�
)*(,�"'+�"'���.�%()&�',��'��*� �'�*�,"('�(��*((,���&�',-&��'��)�*"(�(',�%�,"++-�+��
�

�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



��	��
����	����
�

��	�����
����	���
�����	�������
�����
�2/'&33/2���*2&$4/2� /'��2",��&)"#*,*4"4*/.����&"%��*3$*0,*.&� /'��&2*/%/.4*$3���)&�
 .*6&23*49�/'��9%.&9��$)//,�/'��&.4*3429���"$5,49�/'��&%*$*.&�".%��&",4)���9%.&9��
�5342",*"�� �&"%�� �&0"24-&.4� /'� �&2*/%/.4*$3� �9%.&9� �&.4",� �/30*4",�� �9%.&9��
�5342",*"���2*6���/:����33/$*"4&��2/'&33/2�� .*6&23*49�/'� ,-���&2-".9�
�
�����������

����� � �&(2&&�*.��&.4*3429��&15*6",&.4�4/�"����������������

����
����� �45%9�/'��&.4*3429�"4�4)&� .*6&23*49�/'� ,-�� ,-���&2-".9��

���� �2��-&%��%&.4��7*4)�4)&�(2"%&�=-"(."�$5-�,"5%&>�'2/-�4)&� .*6&23*49�/'� ,-�� ,-���&2-".9�

�&15*6",&.4�4/�"��)����*.�/.&�/'�4)&��2",�".%��&.4",��$*&.$&3�/''&2&%�#9�".�"$$2&%*4&%�
5.*6&23*49�*.�4)&� .*4&%��4"4&3����)&3*3���/4",�-&2$529�#52%&.�/'�0&/0,&�-&"352&%�*.�3$",0�
)"*2�*.�2&,"4*/.�4/�4)&�.5-#&2�/2�352'"$&�/'�"-",("-�'*,,*.(3�

�
����	����������	�����
�	�	���2&3&.4� �*2&$4/2� /'��2",� �&)"#*,*4"4*/.�� �)&� .*6&23*49� /'� �9%.&9� �$)//,� /'��&.4*3429�� �"$5,49� /'�

�&%*$*.&�".%��&",4)���9%.&9���5342",*"��
�	
����2&3&.4� �&0549��&"%�/'��$)//,���)&� .*6&23*49�/'��9%.&9��$)//,�/'��&.4*3429���"$5,49�/'��&%*$*.&�

".%��&",4)���9%.&9���5342",*"��
�	
����2&3&.4� �&"%���*3$*0,*.&�/'��&34/2"4*6&�".%��&$/.3425$4*6&��&.4*3429����5#+&$4��2&"��&2*/%/.4*$3���)&�

 .*6&23*49�/'��9%.&9��$)//,�/'��&.4*3429���"$5,49�/'��&%*$*.&�".%��&",4)���9%.&9���5342",*"��
��	
����2&3&.4� �/523&��//2%*."4/2���,*.�&.4��&2*/�� .*6&23*49�/'��9%.&9���9%.&9���5342",*"��
��	

� �%-*44&%�"3�"�-&-#&2�/'�4)&��/9",��5342","3*".��/,,&(&�/'��&.4",��52(&/.3�*.�4)&��0&$*",�

�*&,%�/'��&2*/%/.4*$3�����������&2*/���
��	

���2&3&.4�� �&"%���*3$*0,*.&�/'��&2*/%/.4*$3�� .*6&23*49�/'��9%.&9���9%.&9���5342",*"��
��	
	���2&3&.4�� �&"%���&0"24-&.4�/'��&2*/%/.4*$3���9%.&9��&.4",��/30*4",���������9%.&9���5342",*"�

�,*.*$",��33/$*"4&��2/'&33/2�� .*6&23*49�/'��9%.&9���9%.&9���5342",*"��
�
����	�����������
��������������������������������
����	����
�� ���!�#�!%����#�����!�����#�����"��!����!�$ ����#�!��#�������""����#����������#�����"��!�����������
����
������� �!�"����#�����#���� #�����!�����#�����"��!����!�$ ����#�!��#�������""����#����������#�����"��!���

��������
������������ �!�"����#����#�����!�����#�����"��!����!�$ ����#�!��#�������""����#����������#�����"��!�����������
����������� �������#����"#��!�"����#����#�����!�����#�����"��!����!�$ ����#�!��#�������""����#����������#���

��"��!�����������
�
���������
��			�� �%5$"4*/.��7"2%� /'� 4)&�  .*6&23*49� /'�  ,-� '/2� &842"/2%*."29� 0&2'/2-".$&� *.� 4&"$)*.(� ".%�

&%5$"4*/.���
�		��� !",4)&2��.(&,��7"2%���7"2%�/'�4)&��&.4",��$"%&-9�/'��"2,325)&�".%�4)&�%&.4",�'&%&2"4*/.�/'�

�"%&.�!;244&-#&2(�'/2�&842"/2%*."29�"$)*&6&-&.43�*.�%&.4",�2&3&"2$)�".%�%&.4",�&%5$"4*/.���
�
��



�����

�

���������������������������
��������������������������������������������������
���������	�

�)%3)����#��&��(����(.�&��(#0�,-#.3�
�

�3(�",).,)(�,��#�.#)(������!�(�,�.�-�1#���,�(!���&��.,)'�!(�.#��1�0�-�� ,)'�#( ,�,���.)���,�3���
1"#�"� �,�� �2.,�'�&3� �,#!".��  )�/-���� �(�� *)&�,#4���� �"�,� ),��� ��� &#!".-� �,�� �**&#���  ),� 0�,#)/-�
-�#�(.# #��-./�#�-���),��2�'*&�����,�3� &/),�-��(���1#."����&#!".��(��&�-�."��.,�����&�'�(.���.��.#)(�
�(����,�3���-),*.#)(�-*��.,)-�)*3�*,)0#��-�."��#( ),'�.#)(�) �."���"�'#��&�-.�.���(��&)��&�-.,/�./,��
) �."��.�,!�.��&�'�(.��#!".�-3(�",).,)(� ��#&#.#�-��,��)*�(���.)�."��,�-��,�"�,-�#(���*�(��(��."��(�2.�
!�(�,�.#)(�-3(�",).,)(�5�3(�",).,)(��#!".�#(��)")%/����*�(����#����6�#-�/(��,��)(-.,/�.#)(�#(�."��
�)")%/��(#0�,-#.3��(��1#&&����)*�(���#(����	���"�,� ),���."���(�&3-�-�/-#(!�������)'�-� �'#&#�,� ),�
."��,�-��,�"�#(�0�,#)/-� #�&�-��

���"�0�����(� �**&#��� ."�� -3(�",).,)(� ,��#�.#)(���,�3�  &/),�-��(��� ��������� �(�&3-#-�  ),� ."��
��.��.#)(�) �."���,)����'�.�&&#���&�'�(.-� ,)'�."����(.�&�,�-.),�.#0�-��(��#'*&�(.-�#(.)�),�&�'/�)-��
�(��.,�����&�'�(.����/'/&�.#)(�#(�."��-�+/�-.,��) �."���(.#�,�-),*.#0���!�(.�,�&�.���)-.�)(��,)-#-�) �
."��$�1��
��������"��.,�����&�'�(.-��#-.,#�/.#)(-��)/&�����0#-/�&#4���#(�."��'/�)-��) �."��),�&�&#�"�(�
*&�(/-� ��$���(.� .)� ."��'�.�&&#�� ,�-.),�.#)(�� �.� -/!!�-.��� ."�� ,�&�.#)(� ) � ."�� &�-#)(� .)� ."�� �#--)&0���
'�.�&&#��#)(-���(���-��) �
�������"�,��.�,#-.#���)**�,����/'/&�.#)(�#(�."��-�+/�-.,���&)(!�."����!��
) �."��.,����/&�,��)(��1�-�0#-/�&#4����

�(����#.#)(��."���"�'#��&�-.�.���(��."��&)��&�-.,/�./,��) �."���&�'�(.-���,#0��� ,)'�."���)'*)-#.��
,�-#(-����-���(��#'*&�(.-�"�0�����(��-.#'�.���1#."�/-#(!�."����,�3���-),*.#)(�-*��.,)-�)*3���
���
/-#(!������.,)(.#/'���,��#)(�,�&��-��� ,)'�."�� #&&�,-�) ���-��,����-),����#(�."��.))."��(��#'*,)0��
."�� ��#�� ,�-#-.�(��� ) � ."�� .))."�� �
�� -/!!�-.��� ."�.� �,� 1�-� #(�),*),�.��� .)� ��� -#.�� ) � .))."�
"3�,)23�*�.#.��� �(� ��-�� ) � ."�� ��(.�&� #'*&�(.�� .#.�(#/'� ��#�� ���/'/&�.#)(� 1�-� )�-�,0��� #(� ."��
-/,,)/(�#(!�'/�)-����(��."���"�'#��&�-.�.��) ��#�1�-��-.#'�.����-�'�.�&&#���#�),��#����3��
���

�(�."#-�&��./,���."����.�#&-�) ���)0��,�-��,�"�,�-/&.-�1#."����1#&&����#(.,)�/�����
� �



�

�

�

�����������
�
�

�		�� 
� ���������)!(+�$���#��#��&�#��������#�*�&'�(+�$���$ +$�
�		���		�� 
� ��'��&����''$���(���#�(����%�&("�#(�$����(�!!)&�+��

���)!(+�$���#��#��&�#����#�*�&'�(+�$���$ +$�
�		������� 
� ��'��&����''$���(���#�(����%�&("�#(�$���#(�!���(�&��!'�

�#������#�������$$!�$���#(�'(&+���$  ���$��#�*�&'�(+�
���������� 
� �''$���(���&$��''$&��#�(����%�&("�#(�$����$"�����!���

��(�&��!'��#������#�����&��)�(�����$$!�$���#(�!�
������#����$  ���$��#�*�&'�(+�

�����%&�'�#(� 
� �&$��''$&��#������&��#�(����%�&("�#(�$����*�#����
��$"�(�&��!'���&��)�(�����$$!�$��������!��#���#(�!�
����#��'���$ +$�������!��#���#(�!��#�*�&'�(+�

�
�

� ��
�

�
�
�



�����

�������������!����� �������������
 ���������"����������	������� ���
������������

� ��������������		���������	�
�����$**'�*"��!)/%./-4����/%*)�'���%2�)��)%1!-.%/4���*����$�)# !��/�����%+!%����%2�)�
����%*(! %��'��*'!�0'�-��(�#%)#�!)/!-����/%*)�'���%2�)��)%1!-.%/4����%+!%����%2�)�

�
�%..0!� !)#%)!!-%)#���.! �*)� /$!� �*(�%)�/%*)� *"� %.*'�/! � �!''.�� .��""*' .�� �) �#-*2/$� "��/*-.� %.�

2% !'4�0.! 
�$*2!1!-��/$!�(�)0"��/0-!�*"��!''�+-!'*� ! �.��""*' .�"��!.��$�''!)#!.���!-!%)����2*0' �
'%&!�/*�%)/-* 0�!�/2*��++-*��$!.�/*�+-*(*/!�/$!� !)/%)�+0'+�-!#!)!-�/%*)���)!��++-*��$�%.�/$�/�2!�
.4)/$!.%5! ���)�)*�-4./�''%)!���'�%0(�.0'"�/!�/*���--4�#-*2/$�"��/*-.������6����������) ��������) �
(%3! �2%/$�$4 -*34�+�/%/!���$!��'&�'%)!�+$*.+$�/�.!��) �(%#-�/%*)��..�4�.$*2! �$0(�)� !)/�'�+0'+�
./!(��!''.� �$�����#-!2��) �+-*'%"!-�/! �2!''� *)� /$!� "0)�/%*)�'� �*(+*0) ��) �#-!�/�+*/!)/%�'� /*�
+-*(*/!� !)/%)�+0'+�-!#!)!-�/%*)���)*/$!-��++-*��$�%.�/$�/�2!�"��-%��/! ���(0'/%�*(+*)!)/�.��""*' �
2%/$�(0'/%+'!��*(+*)!)/����*((* �/%*).��%)�'0 %)#�#-*2/$�"��/*-.���������) ��)/	�����) �'%1%)#�
�!''.�*"�$����2%/$%)�*)!�.��""*' ��*)./-0�/���!�-!+*-/��)�%))*1�/%1!�"��-%��/%*)�+-*�!..���.! �*)�
1�+*-�+$�.! ��*)./-0�/%*)�0.%)#�%�! �/!(+'�/!.�"*-�1�+*-�.0�'%(�/%*)���%(0'/�)!*0.'4��/$!�1�+*-%5! �
2�/!-�(*'!�0'!.�2!-!�-!+'��! ��4�1�+*-� !+*.%/%*)�*"�+*'4�+�34'4'!)!��"*-(%)#���/$-!!� %(!).%*)�'�
�) � +*-*0.� .��""*' � (�/-%3�� �  %/%*)�''4�� /$!� "��-%��/%*)� �) � �*)./-0�/%*)� -!.0'/! � %)� ��
(0'/%�*(+*)!)/� .��""*' � +-* 0�/� �*(+-%.%)#� /$!�  !1%.! �(*'!�0'!.�� �!''.�� �) � 1�+*-�+*'4(!-%5! �
+*'4�+�34'4'!)!��.�/$!�.��""*' �(�/-%3���$!��'!�)��) � -4�"��-%��/%*)�+-*�!..� % �)*/�-!,0%-!���/�'4./.��
%)%/%�/*-.�*-�+'�./%�%5!-.���) �+*/!)/%�''4�$�-("0'�.*'1!)/.���) �/$!�.��""*' �+-* 0�/.�2!-!�+-* 0�! �%)�
.%(+'!�./!+.�2%/$%)�$*0-.�*"�/$!�+-*�!..%)#�/%(!���$!���%'%/4�*"�%) 0�%)#�/$!�* *)/*�'�./� %""!-!)/%�/%*)�
2�.� !/!-(%)! ��4�'��!'%)#�/$!�*./!*��'�%)�������) � !)/%)�.%�'*+$*.+$*�+-*/!%)��������!3+-!..%*)��
�) �2!-!��*)"%-(! ��4�%((0)*"'0*-!.�!)�!�./�%)%)#���$!�(0'/%�*(+*)!)/�"0)�/%*)�'�+*'4�+�34'4'!)!�
.��""*' ��*0' ��'.*��++'%! �/*�/$!��*)!�-!#!)!-�/%*)���$!�-!+*-/! �.��""*' ��*)./-0�/%*)�/!�$)*'*#4�
-!+-!.!)/.���+-*.+!�/%1!�/%..0!�!)#%)!!-%)#�.��""*' �+-* 0�/�/*�!)��'!����*((* ��'!��) ��0./*(%5��'!�
1!-.�/%'%/4� /*� �*)/-*'� /$!�  %./-%�0/%*)� �) � �*(+*.%/%*)� *"� '*� %)#�  !'%��/!� �%*��/%1!�(*'!�0'!.� �) �
'%1%)#�./!(��!''.�%)�*)!�.��""*' ��*)./-0�/��) � !(*)./-�/!.�(0'/%+'!�"0)�/%*).�%)�/%..0!�!)#%)!!-%)#�
-!+�%-��) �-!#!)!-�/%1!�(! %�%)!��++'%��/%*).��
� �



� ���� � ���������� ��������������������
�
�
�
����������������������
�996*0(:,�!86-,9968���,7(8:4,5:�6-�",9:68(:0<,�(5+��,9:/,:0*��,5:09:8?��#*/663�6-�
�,5:09:8?���8(+;(:,��59:0:;:,�6-��3050*(3��,5:09:8?���(:065(3�$(0=(5�%50<,890:?�(5+�
�(:065(3�$(0=(5�%50<,890:?��6970:(3�
�++8,99���6�	���/(5.�$,�#:���$(07,0��$(0=(5�
$,3�������
�
�	
����,>:������������������������4(03�����
�	
�������������
�
�������������������������� �
!/�����;+=0.��(>04030(59�%50<,890:?��;50*/���,84(5?�� *:�
����
��#����(:065(3�$(0=(5�%50<,890:?��$(0=(5���;5,�
���
����#����/;5.�#/(5��,+0*(3�%50<,890:?��$(0=(5���;5,�	����
�
�,7;:?�+08,*:68�6-��064,+0*(3��63,*;3(8��4(.05.��,5:,8���(:065(3�$(0=(5�%50<,890:?��
�
��!8,9,5:��
!8,90+,5:�6-�$(0=(5��*(+,4?�6-� 7,8(:0<,��,5:09:8?��$� ����
�	�
�	���
�/(08�6-� 8(3��064(:,80(39��68,��()���(:065(3�$(0=(5�%50<,890:?��
�	��!8,9,5:��
#7,*0(309:�6-� 7,8(:0<,��,5:09:8?��
�	��!8,9,5:�
#7,*0(309:�6-��5+6+65:636.?���5+6+65:0*�97,*0(309:���
����!8,9,5:�
�

������������������������
�,5:05,��65+05.��,*/(5094�
�,5:(3��647690:,�
�,5:(3��,8(40*9���06*,8(40*9��
�+/,90<,�(5+�",9:68(:0<,��,5:09:8?�
�5+6+65:636.?��
�
	�����������������������
�(:,80(3�#*0,5*,�05��,5:09:8?�
����647690:,�8,905�(5+�)65+05.�(.,5:9�
����8(*:;8,�4,*/(50*9�
����06.3(99���06*,8(40*9�
�5+6+65:0*9�
���!;37�*(7705.�)064(:,80(39�
����,5:05�!;37�8,.,5,8(:065��&0:(3�!;37�$/,8(7?��
�(80636.?��
����,405,8(30@(:065�(5+�",405,8(30@(:065�
����5:0�*(80,9�)064(:,80(39�
�0*86�(5+��(56��647;:,+�$646.8(7/?�
����4(.,�8,*659:8;*:065��786*,9905.�(5+�8,.09:8(:065�
�
���������������������������������
	�� 	9:�!3(*,��,9:�!69:,8��=(8+��
�	�����659�90(��#/(81(/�

�� �69,7/��09:,8��=(8+9�05� 8(3��09,(9,�!8,<,5:065��
�	�������"�#�����(3(?90(�
��� !;37��0636.?�(5+�",.,5,8(:065��86;7�$8(<,3��=(8+��
�	�������"���(7,�$6=5��#6;:/��-80*(��
��� %503,<,8��(::65��0<09065(3��=(8+��
�	�������"���(8*,365(��#7(05�
�� #,5068�"6),8:��8(52��=(8+��
�������(90*�#*0,5*,��	9:�!80@,�����"�������;50*/���,84(5?��
��� !(--,5)(8.,8��=(8+��
�������*(+,40*�6-��,5:(3��(:,80(3��������'A8@);8.���,84(5?��
�



�����

��  �����!$������!�� ������������!����" !��������������
������#�!$�
�� ���"���������	�������

�8'*;':+�").552�5,��/53+*/)'2��4-/4++8/4-��#5.51;�$4/<+89/:?�
�

$2:8'95;4*�/3'-/4-�/9�3;2:/�9)'2+�'4*�,;4):/54'2�/3'-/4-���+)';9+�:.+�='<+2+4-:.�'4*�(+'3�=/*:.�
'8+� /4<+89+2?� 685658:/54'2� :5� :.+� ,8+7;+4)?� 5,� ;2:8'95;4*�� ./-.+8� ,8+7;+4)?� ;2:8'95;4*� ���$"��
685</*+9�./-.+8�8+952;:/54�/3'-/4-���4�)2/4/)'2�*+4:/9:8?��:.+�,8+7;+4)?�5,�:.+�;2:8'95;4*�='9�8'4-+*�
'85;4*� �����@� :5� 685</*+� 3')859)56/)� ��35*+� /3'-+� 5,� :54-;+� 58� 58'2� 3'99+9�� #5*'?� ./-.+8�
8+952;:/54���35*+�/3'-+9�'8+�685</*+*�=/:.�'�����@�)2/4/)'22?�'<'/2'(2+�;2:8'95;4*�3')./4+��%+�
'8+�*+<+256/4-�9+<+8'2�:?6+9�5,�,;4):/54'2�;2:8'95;4*�/3'-/4-�=./).�)'4�(+�+'9/2?�'662/+*�/4�)2/4/)'2�
*+4:/9:8?��#.+�,/89:�/9�:.+�96+)12+�:8')1/4-�5,�:.+���35*+�/3'-+�,58�7;'4:/:':/<+�5(9+8<':/54�5,�9.5;2*+8�
05/4:�35<+3+4:9��#.+�9+)54*�/9�</9;'2/@':/54�5,�:.+�6856'-':/54�5,�:.+�</(8':/54�'662/+*�(?�'�</(8':58�
:5�'99+99�:/99;+�+2'9:/)/:?��#.+�:./8*�/9�:.+�</9;'2/@':/54�5,�(255*�,25=�5,�:.+�93'22�<+99+2�/4�:.+�:.?85/*�
(?�'662/)':/54�5,�9/4-;2'8�<'2;+�*+)53659/:/54�3+:.5*��54+�5,�:.+�96':/5�:+3658'2�,/2:+8/4-�:+).4/7;+9��

�,� :.+� ,8+7;+4)?� /9� /4)8+'9+*�358+�� ')5;9:/)�3/)859)56?� 685</*+9�3/)859)56/)� /3'-+�=/:.� :.+�
8+952;:/54�(+:=++4���:5�����3��#.+�/3'-+�5,�'�9/4-2+�2'?+8+*�)+22�);2:;8+*�54�'�*/9.�/9�5(:'/4+*�(?�
:.+�
�����@�'4�')5;9:/)�3/)859)56+��%+�.'<+�*+<+256+*�'4�56:/)'2�')5;9:/)'2�.?(8/*�3/)859)56+�:5�
9/3;2:'4+5;92?�5(:'/4�:.+�56:/)'2�'4*�')5;9:/)�3/)859)56+�/3'-+9���+)';9+�:.+�97;'8+�5,�95;4*�96++*�
/9� 685658:/54'2� :5� (;21� +2'9:/)� 35*;2+�� )+22;2'8� (/53+).'4/)9� /9� '99+99+*� (?� :.+� 95;4*� 96++*�
*/9:8/(;:/54�� �4�)536'8/954�=/:.� 9)'44/4-� 2'9+8�3/)859)56/)� /3'-+�5,��	��	�)+22�� ).'4-+�5,� '):/4�
652?3+8/@':/54�/9�5(9+8<+*��#.+�);88+4:�9?9:+3�/9�(/-�,58�58'2�)'</:?��:.+�68/4)/62+�)'4�(+�'662/+*��

 .5:5')5;9:/)�� ���/3'-/4-�/9�)53(/4':/54�5,�;2:8'95;4*�'4*�56:/)9��#.+�68/4)/62+�5,� ���/9�:.':�
4'45�9+)54*�6;29+*�2'9+8�)';9+*�:.+�:8'49/+4:�:+36+8':;8+�8/9+�'4*�+>6'49/54�5,�:.+�:'8-+:�:5�-+4+8':+�
;2:8'95;4*��=+�.'<+�*+<+256+*� '4�56:/)'2� 8+952;:/54�6.5:5')5;9:/)�3/)859)56?� ��!� ���� 9?9:+3�
;9/4-�'�./-.����5(0+):/<+�2+49�'4*�'�9/4-2+�35*+�,/(+8�:5�')./+<+�9;(�3/)854�2':+8'2�8+952;:/54��#./9�
�!� ���.'9�')./+<+*�:.+�2':+8'2�8+952;:/54�5,�����43��'4*�:.+�).'8'):+8/9:/)�9.'6+�5,�'�9/4-2+�8+*�
(255*�)+22�'4*�3+2'453'�)+22�'8+�</9;'2/@+*��
� �



���������	�������
�

&59./,;3/�"'/05�8+)+/<+*�:.+����'4*�:.+� .��*+-8++9�/4������'4*�
���
� ,853�#5.51;�$4/<+89/:?���+�.'*�(++4� :8'/4+*� '9� '� )'8*/525-/9:� /4�
"+4*'/��59+/��596/:'2� '4*�#5.51;�%+2,'8+� +49/54��596/:'2� �);88+4:2?�
#5.51;��+*/)'2�'4*� .'83')+;:/)'2�$4/<+89/:?��596/:'2��'4*�.+�(+)'3+�
'��./+,��'8*/525-/9:� ':� �;1'?'� ;(2/)��596/:'2� /4� �������+� 8+:;84+*� :5�
#5.51;�$4/<+89/:?�,58�8+9+'8).�54�3+*/)'2�;2:8'95;4*�/4�������+�(+)'3+�
'��;+9:� 85,+9958�':��'8.;9�$4/<+89/:?���+43'81�/4������'4*�.+�(+)'3+�
'4� �995)/':+�  85,+9958� 5,� �49:/:;:+� 5,� �+<+2563+4:�� �-/4-� '4*� �'4)+8�
�������':�#5.51;�$4/<+89/:?�/4�	������+�/9�);88+4:2?�'��;22� 85,+9958�5,�
:.+��/53+*/)'2��3'-/4-��'(58':58?�':�:.+��8'*;':+�").552�5,��/53+*/)'2�
�4-/4++8/4-�5,�#5.51;�$4/<+89/:?���+�/9�)54);88+4:�=/:.��8'*;':+�").552�
5,��+*/)/4+�� ����� '4*��2/4/)'2� #+).4525-?��+6'8:3+4:� 5,�$4/<+89/:?�
�596/:'2�':�#5.51;�$4/<+89/:?���+�.'9�(++4��/8+):58�5,��+*/)'2��+</)+�
�445<':/54��+4:+8�9/4)+�	�����

�/9�3'/4�8+9+'8).�/4:+8+9:9�/4)2;*+�./-.�,8+7;+4)?�(/53+*/)'2�;2:8'95;4*�/3'-/4-��)'8*/5<'9);2'8�
(255*�,25=�'4'2?9/9�'4*�6.5:5')5;9:/)�/3'-/4-���+�='9�'='8*+*�/4�����,58�./9�5;:9:'4*/4-�8+9+'8).�
6'6+8� /4� $2:8'95;4*� /4� �+*/)/4+� '4*� �/525-?�� :.+� 5,,/)/'2� 05;84'2� 5,� :.+� %582*� �+*+8':/54� 5,�
$2:8'95;4*�/4��+*/)/4+�'4*��/525-?���+�/9�'�3+3(+8�5,�������#.+��'6'4�"5)/+:?�5,�$2:8'954/)9�/4�
�+*/)/4+�� �'6'4+9+� "5)/+:?� 5,� �).5)'8*/5-8'6.?�� �'6'4+9+� "5)/+:?� ,58� �+*/)'2� '4*� �/525-/)'2�
�4-/4++8/4-�'4*��'6'4��/8);2':/54�"5)/+:?��
�



�����

	��������!���������#��������!�#����������! ������"��!���������!����!����� �

����"����$�������

���!,�.0)!*0��* ��!/!�.�$��*/0%010!�+"��!*0�(��%+)�0!.%�(/��* ��%+!*#%*!!.%*#���+*/!%��*%2!./%05�
+((!#!�+"��!*0%/0.5���!+1(���+.!��

�������������.+&!�0���+*/!%��*%2!./%05�+((!#!�+"��!*0%/0.5���!+1(���+.!��
�

�!*0�(�)�0!.%�(/��* �.!(�0! � !*0�(�)! %��(� !2%�!/��.!��!%*#� !2!(+,! ��* �.!/!�.�$! ��0�.�,% �
,$�/!�  1!� 0+� �#%*#� ,+,1(�0%+*/� �* �  !)�* /� "+.� �!00!.� -1�(%05� +"� (%"!����.'!0/� .!(�0! � 0+�  !*0�(�
)�0!.%�(/� �.!� �(/+� !4,�* %*#�3%0$� %*0.+ 1�0%+*� +"� 2�.%+1/� *!3� *+2!(�)�0!.%�(/� %*� +. !.� 0+� 0��'(!/�
.!)�%*%*#�+�/0��(!/�/1�$��/�"�%(1.!�+"�)�0!.%�(/��/!�+* �.5���.%!/�+.��% �+"�.!#!*!.�0%+*/���*�.!�!*0�
5!�./�� 3!� %*2!/0%#�0! � ,+//%�(!� �,,(%��0%+*/� +"� *+2!(� �%+��0%2!� )�0!.%�(/� �/� �+),+*!*0� +"� *!3(5�
 !2!(+,! � !*0�(�)�0!.%�(/�"+.�"1*�0%+*�(%0%!/�0$�0�)�5�$!(,�0+�.!/+(2!�/1�$�+�/0��(!/��

���*+ %�)+* /��.!��%+�+),�0%�(!�)�0!.%�(/�0$�0�3+1( �,.+2% !�!*$�*�! �,$5/%��(�/0.!*#0$�0+�0$!�
 !*0�(� )�0!.%�(/�� �!� �00!),0! � 0+� %*�+.,+.�0!� *�*+ %�)+* � 3%0$� /1."��!� "1*�0%+*�(%6�0%+*� %*0+�
)�0!.%�(/� /1�$��/������+.�	��,.%*0%*#� .!/%*/�� %*�+. !.� 0+� !*$�*�!�)!�$�*%��(�,.+,!.0%!/�� �0�3�/�
!2% !*0� 0$�0� �)%*�0%+*� +"� *�*+ %�)+* � 3+1( � "1.0$!.� !*$�*�!� 0$!� /0.!*#0$� 3$%(!� �*0%���0!.%�(�
,.+,!.0%!/�3!.!��(/+�+�/!.2! �3%0$�%*�+.,+.�0%+*�+"�*�*+ %�)+* /��

��5 .�0! � ��(�%1)� /%(%��0!� $�2!� �(/+� �00.��0! � "!3� �00!*0%+*/� !/,!�%�((5� 3%0$� �,,(%��0%+*� �/�
!* + +*0%��)�0!.%�(/���+3!2!.��3!�"+�1/! �+*�1/!�+"�$5 .�0! ���(�%1)�/%(%��0!�%*�+0$!.�"%!( /�/1�$��/�
.!/%*���/! �,%0��* �"%//1.!�/!�(�*0/��0++0$�3$%0!*%*#��#!*0/�+.��+),+/%0!�.!/%*/���0�3�/�!2% !*0�0$�0�0$!�
1/!�+"�$5 .�0! ���(�%1)�/%(%��0!�3+1( �,.!2!*0� !)%*!.�(%6�0%+*��5�*!10.�(%6%*#���% �!*2%.+*)!*0��
3$%(!�/1�$�)�0!.%�(�)�5�!2!*�.!)%*!.�(%6!�!*�)!(�/1."��!/��

��%+��0%2!� #(�//!/� $�2!� �!!*� 0$+.+1#$(5� /01 %!/� �5� )�*5� +"� .!/!�.�$� #.+1,/�� +),+/%0%+*�(�
�$�*#!/� %*� �%+��0%2!� #(�//!/� 0+� "+.)� *+2!(� �* � "1*�0%+*�(� #(�//!/� $�2!� �00!),0! � �5� !%0$!.�
%*�+.,+.�0%*#�6%*��+.�6%.�+*%��%*0+�#(�//��+),+*!*0/���!2!(+,! �#(�//!/���0%*#��/�"%((!.�+"�.!/%*���/! �
)�0!.%�(/�3+1( �,.+2% !��*0%���0!.%�(���0%2%0%!/�3$%(!��/��+*!�"%((!.��3+1( �.!/1(0�%*�!*$�*�! �,$5/%��(�
/0.!*#0$�3%0$��%+��0%2!�0%//1!�.!#!*!.�0%+*/��

�%*�((5��3!��.!��1..!*0(5���..5%*#�+10�+*#+%*#�.!/!�.�$�3%0$� !2!(+,)!*0�+"�*+2!(� !*0�(�)�0!.%�(/�
3%0$� %*�+.,+.�0%+*� +"� 63%00!.%+*%��)�0!.%�(/�� �3%00!.%+*%��)�0!.%�(/� $�2!� 1*%-1!� �$�.��0!.%/0%�/� +"�
$�2%*#�!-1�(��)+1*0�+"��*%+*%���* ���0%+*%��#.+1,/��.!/1(0%*#�%*�+2!.�((�*!10.�(��$�.#!��/�)+(!�1(!/��
�10� $�2!� �� $%#$�  %,+(!� )+)!*0�� �1�$� /0.1�01.!� %/� '*+3*� 0+� �!� �%+(+#%��((5� ,$+/,$�0% 5(�$+(%*!�
)!)�.�*!�+"�0$!�)�))�(%�*��!((/��3%0$��*0%"+1(%*#��10��%+�+),�0%�(!�*�01.!���*%0%�(��00!),0�3�/�0+�
!4�)%*!� 2�.%+1/� 63%00!.%+*%�� )�0!.%�(/
� /1("+�!0�%*!� )!0$��.5(�0!� �������� ��.�+45� �!0�%*!�
)!0$��.5(�0!� ������ �* � ��)!0$��.5(+5(+45!0$5(� ,$+/,$+.5(�$+(%*!� ����� %*�  %""!.!*0� "+.)� +"�
 !*0�(�)�0!.%�(/�/1�$��/�"(1+.% !�2�.*%/$���+),+/%0!�.!/%*/�+.�!2!*�	��,.%*0%*#�.!/%*/���1.�)+.!�.!�!*0�
3+.'� %* %��0! � 0$�0�  %""!.!*�!/� %*� !""!�0%2!� +10�+)!� )�5� +�0�%*! � �5� 1/!� +"�  %""!.!*0� "+.)� +"�
63%00!.%+*%�� )�0!.%�(/� 3%0$� /(%#$0�  %""!.!*�!/� %*� +2!.�((� �$�.#!/�� 3$%(!� /5*!.#!0%�� !""!�0/� )�5� �!�
+�0�%*! ��5�1/!�+"�63%00!.%+*%��)�0!.%�(/�3%0$�)�0!.%�(� !/�.%�! �!�.(%!.�/1�$��/��%+��0%2!�#(�//!/���/�
0$!�#(�//�*!03+.'�)�5��!�%*"(1!*�! ��5�0$!�)�0!.%�(���1.0$!.)+.!��)%�.+�%+(+#%��(��*�(5/!/�%* %��0! �
0$�0�0$!�1/!�+"��*0%���0!.%�(�+.��*0%"+1(%*#�)�0!.%�(/�/1�$��/�63%00!.%+*%��)�0!.%�(/�)�5��!��!*!"%�%�(�0+�
+.�(�)%�.+�%+)!��/�/1�$�)�0!.%�(�3+1( �$�2!�(!//� %/01.��*�!�0+�*�01.�(�+.�(�"(+.�����
� �



����	������	����
�

�
��������������������
�&1*���&*�!92,��;32�
�
�
�	������
�&6(-��	��
�=��9,978��	������-��.2��*28&0��.31&8*6.&07�&2)��.3*2,.2**6.2,��
%327*.�#2.:*67.8<��300*,*�3+��*28.786<��!*390���36*&�
!*48*1'*6�� 	���� =� �*(*1'*6�� 	���� �� ��*)!(.� .2� �*).(&0� �)9(&8.32��
#2.:*67.8<�3+��388.2,-&1��#2.8*)��.2,)31�
!*48*1'*6�� 	���� =� !*48*1'*6�� 	���� �� ����!� ��59.:&0*28� 83���� .2�#!���
��*)!(.�.2��*).(.2*��#2.:*67.8<�3+��388.2,-&1��#2.8*)��.2,)31�
�
������������	���
	���� =� �966*28�� �77.78&28� �63+*7736�$.(*��-&.6��  *7*&6(-� �278.898*� &2)�
�*4&681*28�3+��*28&0��.31&8*6.&07�&2)��.3*2,.2**6.2,��%327*.�#2.:*67.8<��300*,*�3+��*28.786<��!*390���36*&�
	����=�	������ *7*&6(-��63+*7736�$.(*��-&.6�� *7*&6(-��278.898*�&2)��*4&681*28�3+��*28&0��.31&8*6.&07�&2)�
�.3*2,.2**6.2,��%327*.�#2.:*67.8<��300*,*�3+��*28.786<��!*390���36*&�
	��
� =� 	���� �� "*&(-.2,� *7*&6(-� �77.78&28� &2)�  *7*&6(-*6��  *7*&6(-� �278.898*� &2)� �*4&681*28� 3+� �*28&0�
�.31&8*6.&07�&2)��.3*2,.2**6.2,��%327*.�#2.:*67.8<��300*,*�3+��*28.786<��!*390���36*&�
	����=�	��
��� *7*&6(-��77.78&28� *7*&6(-�!(.*28.78�� *7*&6(-��*28*6�+36��63+&(.&0��&6)�".779*� *,*2*6&8.32��
%327*.�#2.:*67.8<��300*,*�3+��*28.786<��!*390���36*&�
	���=�	���� ���392)&8.32�%*&6�	� �!*2.36��397*��++.(*6��� *7.)*2(<�&8��.2,@7��.00��374.8&0���388.2,-&1��
#2.8*)��.2,)31� �
	����=�	������392)&8.32�%*&6�����92.36��397*��++.(*6��� 3<&0��*6'<��374.8&0���*6'<��#2.8*)��.2,)31�
�
�	�
��	������
	����=��966*28��!*(6*8&6<�3+��28*62&8.32&0��3�34*6&8.327��311.88**�&2)��328.29.2,��9&0.8<��7796&2(*��311��
�36*&2��278.898*�3+��*28&0��)9(&8.32�&2)��:&09&8.32�
	����=��966*28���311.88**��*1'*6�3+��36*&2��(&)*1<�3+��*28&0��&8*6.&07�
	�	��=��966*28���).836���36*&2��3962&0�3+��*28&0��&8*6.&07�
	����=��966*28���9*78��).836���&8*6.&07� �������!4*(.&0� �779*� >".8&2.91�&2)�".8&2.91��&7*)��&8*6.&07� .2�
�.31*).(&0��440.(&8.327?�
	�	��=��966*28��"34.(��).836���&8*6.&07��������
	�	��=��966*28���773(.&8*��).836���6328.*67�.2��*28&0��*).(.2*���*28&0��&8*6.&07��
	�	��=��966*28���9*78��).836���6328.*67�.2��*28&0��*).(.2*�!4*(.&0��779*�>�28.1.(63'.&0�&2)��.3+390.2,��*28&0�
�&8*6.&07?�
	�	�� =� �966*28�� �9*78� �).836�� �6328.*67� .2� �*28&0� �*).(.2*� !4*(.&0� �779*� >�.(/*0� ".8&2.91� ��.".�� +36�
�2)3)328.(��440.(&8.327?�
�
�



�����

��"��&�(���$"#�$&��%�"���)�*���(��"#����"!���'�%&�&'&�%�
!�'�����*���
��&�$���%�����%�
!&�$��&�"!�

�%� '��'+'������'��$�����)��'������*"�	� ����
��1=1:165�6.��9)516.)+1)3��<5+;165��5/15--915/����1)1:65��-5;-9�.69��556=);1=-��-5;1:;9@��%6062<�

&51=-9:1;@��9),<);-�$+0663�6.��-5;1:;9@��$-5,)1���)7)5�
�

�9).;15/�6.�)<;636/6<:�*65-�1:�:;133�;0-�.19:;�+061+-�;6�.133�=)916<:�*65-�,-.-+;:�+)<:-,�*@�;9)<4)�69�
1335-::�;6�9-7)19��%01:�1:�*-+)<:-�)<;636/6<:�*65-�-?01*1;:�9-31)*3-�*65-�9-/-5-9);1=-�+)7)+1;@�:06>15/�
6:;-615,<+;1=-�)5,�6:;-6+65,<+;1=-�7-9.694)5+-:���6>-=-9��:@5;0-;1+�+)3+1<4�706:70);-�4);-91)3:��
:<+0�):�0@,96?@)7);1;-������)5,�*16,-/9),)*3-�B�;91+)3+1<4�706:70);-��B�%�"���0)=-�>1,-3@�*--5�
<:-,�15�4)5@�+3151+)3�:1;<);165:�,<-�;6�56;�653@�;0-19�-?+-33-5;�6:;-6+65,<+;1=-�7-9.694)5+-:�*<;�)3:6�
8<)31;@�)5,�:<773@�:;)*131;@�):�*164);-91)3:��(-�0)=-�*--5�,-=-36715/�:64-�6+;)+)3+1<4�706:70);-�
�!�"��*):-,�*65-�:<*:;1;<;-�4);-91)3:�:6�.)9���������������
������	�	���)5,�-3<+1,);-,�;0-�+0-41+)3�
)5,�:;9<+;<9)3�9-3);-,�4-+0)51:4:�15,<+-,�*@�!�"�;0);�-?01*1;�01/0-9�*65-�9-/-5-9);1=-�+)7)+1;1-:�15�
+647)91:65�>1;0�-?1:;15/�4);-91)3:��:<+0�):�������������������	����	������������������������
	�����������������������������
����	�	���������������� ����� ���	����	�		���!�"�0):�*--5�
+65:1,-9-,� )� 79-+<9:69� 15� *65-� )5,� ;66;0� )7);1;-� +9@:;)3:�� !5-� 6.� !�"�763@4-9� +6476:1;-:� >1;0�
+633)/-5�>):�9-+-5;3@�)7796=-,�):�)�*65-�,-.-+;�.13315/�4);-91)3�.69�;0-�<:-�15�+64*15);165�>1;0�,-5;)3�
1473)5;:�15�69)3�:<9/-9@�.1-3,�;096</0�)�+647)5@�3-,�+3151+)3�;91)3������������������	����
�����������
	�	���� %0-� :<7-9169� 6:;-6+65,<+;1=-� 7967-9;@� 6.� !�"� >):� .6<5,� .19:;� ;096</0� )5� 653)@� /9).;�
-?7-914-5;�6.�!�"�/9)5<3-:�65;6�46<:-�+)3=)91)��<:15/�!�"�:@5;0-:1A-,�15�)�4-;06,�<5,-9�*-5+0�
:+)3-�����������������������
�����������5�;01:�79-:-5;);165��;0-�*16)+;1=-�7967-9;1-:�6.�!�"�)5,�1;:�
763@4-9�+6476:1;-�4);-91)3:�>133�*-�-?73)15-,�.964�;0-�=1->�7615;�6.�)�4);-91)3:�+-33:�15;-9)+;165��
�15,15/:�>-�6*;)15-,�:6�.69;0��15+3<,15/�;0-�4);-91)3:�+-33:�15;-9)+;165��>-9-�):�.6336>:������<;<)3�

+0-41+)3�15;-9)+;165�;)2-:�73)+-�*-;>--5�!�"�)5,�415-9)3�+9@:;)3:�15�)<;636/6<:�*65-��1.�1;�1:�73)+-,�
15�*65-�,-.-+;:��9-:<3;15/�15�79646;15/�76::1*3-�6:;-6*3):;1+�+-33�,1..-9-5;1);165��*):-,�65�;0-�-=1,-5+-�
15� =1;96� )5)3@:1:� ����� �������� ��������� ���
���� 	�	���� 	�� �569/)51+� 165:� ,-31=-9@� .964�!�"� ;6�
4-:-5+0@4)3�:;-4�+-33:���$�:��1:�15=63=-,�15�-50)5+15/�6:;-6*3):;1+�+-33�,1..-9-5;1);165�.964�46<:-�
*65-�4)996>����+-33:��������������		������	������������������ ��������	����	�		���6:;-6+@;-�
,1..-9-5;1);165� .964� 46<:-� ����$(
� +-33:� ����� �������� �
�
	�� 	������ +)7133)9@�312-� ;<*-�
.694);165�6.�0<4)5�<4*131+)3�=-15�-5,6;0-31)3�+-33:���&'��:���������������		������	������ ;0-�
)+;1=1;1-:�6.�>01+0�>-9-�15,<+-,�,<915/�)�:765;)5-6<:�:;9<+;<9)3�+65=-9:165�.964�!�"�;6��)�,-.1+1-5;�
����)5�)5)36/<-�;6�*65-�)7);1;-�+9@:;)3:��<5,-9�70@:1636/1+)3�-5=19654-5;:��
��!�"�-50)5+-:�-)93@�
:;)/-�6.�,1..-9-5;1);165�;6�79-�6:;-6*3):;�312-�+-33:�.964�46<:-�*65-�4)996>�:;964)3�$%�	�+-33:�15�)�
,6:-�,-7-5,-5;�4)55-9�������������	������������	���������!�"�)336>:�4)+9670)/-:�;6�)++<4<3);-�
)96<5,� ;0-�4);-91)3:� );� ;0-� 151;1)3� :;)/-�6.�*65-�,-76:1;165�)5,�41/9);-� ;096</0� ;0-� :;14<3);165�6.�
+)3+1<4�1651+�,1::63<;165�6.�!�"��
����������������	��������!�"�15,<+-:�.694);165�6.�;)9;9);-�
9-:1:;)5;�)+1,�706:70);):-��%#�"��)5,�+);0-7:15���76:1;1=-�6:;-6+3):;�312-�+-33:�15�)�+6�+<3;<9-�:@:;-4�
6.�6:;-6*3):;1+�+-33:�)5,�*65-�4)996>�,-91=-,�4)+9670)/-:� ;6/-;0-9�>1;0� 15+9-):15/�-?79-::165�6.�
9-+-7;69�)+;1=);69�6.� ��C��31/)5,��#� ����15�6:;-6*3):;:�-=-5�15�;0-�)*:-5+-�6.�-?;-95)3�#� ���
)/-5;�������������	��������
�����	������
(-�0)=-�9-769;-,�;0);�!�"�-50)5+-:�*65-�9-/-5-9);165�469-�1.�+64*15-,�>1;0�763@4-9:�:<+0�):�

+633)/-5��/-3);15��763@��3)+;1+�+6�/3@+631+�)+1,���"����������������������	����
�����������	�	���
���������������������������	�	�������������������
����	�	����%0-�+64*15);165�*-;>--5�!�"�
)5,�:<+0�763@4-9�4);-91)3:�14796=-,�56;�653@�;0-�4);-91)3:�0)5,315/�7967-9;1-:�*<;�)3:6�;0-19�*65-�
9-/-5-9);1=-� +)7)+1;1-:� )5,�*16,-/9),)*3-�7967-9;1-:��%0-�,-;)13:�6.� ;0-�*16)+;1=-�7967-9;1-:�6.� ;0-�
,-=-367-,�4);-91)3:�15�9-3);165�;6�;0-�)+;1=);165�6.�*65-�9-3);-,�+-33:�>133�*-�79-:-5;-,�)5,�,1:+<::-,��
�

�



����
�������
����
�
�
�
�������� ����
�52*)6625� %1(� �,%-5�� �-9-6-21� 2*� �5%1-2*%'-%/� �81'7-21� �1+-1))5-1+�� !2,2.8�
"1-9)56-7<��5%(8%7)� ',22/�2*��)17-675<�
�
����������
�5%(8%7)�  78()17�� 	����	���� $%0%+%7%� "1-9)56-7<� �5%(8%7)�  ',22/� 2*�
�1+-1))5-1+��$21)=%:%���%3%1�����1+��
�,����� 	��	� !2,2.8� "1-9)56-7<� �5%(8%7)�  ',22/� 2*� �)(-'-1)�� �)3%570)17� 2*�
�57,23)(-'� 85+)5<�� )1(%-���%3%1�
�

����������	������������������������
	����	������)6)%5',��662'-%7)���%3%1��-1)��)5%0-'6���7(����)6)%5',����)9)/230)17��-9-6-21�� )1(%-���%3%1��
	��
�	�����#-6-7-1+� '-)17-67���256<7,���)17%/��)17)5���,<6-'%/��,)0-675<��)3%570)17���26721������" ���
	����	������662'-%7)��)6)%5',)5�������2����)6)%5',��)17)5��$2.2,%0%���%3%1��
	����
����� )1-25��)6)%5',)5�������2����)6)%5',��)17)5���%5%-���%3%1��

�����5)6)17���52*)6625���-9-6-21�2*��5%1-2*%'-%/��81'7-21��1+-1))5-1+��!2,2.8�"1-9)56-7<��5%(8%7)� ',22/�
2*��)17-675<�� )1(%-���%3%1��
�
���������������������	������������������������

�	���5)6)17���;)'87-9)��-5)'725���%3%1)6)� 2'-)7<�*25��-20%7)5-%/6��� ���

�	��
�
����;)'87-9)��-5)'725���%3%1)6)� 2'-)7<�*25��)17%/��%7)5-%/6�%1(��)9-')6��� �����

�	��
�
����(-725�-1��,-)*���)17%/��%7)5-%/6��2851%/��
�
�������

����������253��:%5(��!,)�)67%&/-6,0)17�-1�()6-+1�&%6-6�2*�%17-�*28/-1+�*851%')�78&)�

���� � �:%5(� -1� 7,)� 
�5(� �1+-1))5-1+��(9%1')0)17� �662'-%7-21� ������� 2*� �%3%1�� �1+-1))5-1+� 7)%0� *25�
()6-+1-1+�3,%50%')87-'%/�*%'-/-7<�:-7,�48%17-7%7-9)�)9%/8%7-21�'217%-1-1+�327)17�'203281(���2�
����

�	�� ��:%5(� -1��)9-):)5� *25��5%176�-1��-(� *25�  '-)17-*-'��)6)%5',� 2*� �%3%1)6)�  2'-)7<� *25� �52027-21� 2*�
 '-)1')��� � ��

�	� � �:%5(� 2*� �%3%1)6)�  2'-)7<� *25� �-20%7)5-%/6�� �/8'-(%7-21� 2*� 267)2'21(8'7-9-7<� %1(� )67%&/-6,0)17� 2*�
&-20%7)5-%/�6'-)1')�2*�����&21)�68&67-787)�0%7)5-%/6�

�
����)//2:���-20%7)5-%/6� '-)1')6�%1(��1+-1))5-1+���� ���
�
��
�



�����

�

������������������������������
����	����

��������������������������

�����	�������
�����

��
�#�$& �!&�"���$�����"�"�+��!���$���
���!"%&�������!��%�����'�&+�"��
�!&�%&$+��
	���!�������!�(�$%�&+��������!��

�

�$�����!�����%�%��%��!��!���&�"'%���%��%����'%���+�����������
		���!���&�"!��!�"$���
��(�&+���!�%" ���"!��&�"!%�%'����%��������!��"���"%&��  '!�&+�� ��$"������ ����!����
�!���!�� #$"#�$���!&'$��"$����##����&�"!���!���'%���!�"(�$�$")&��"����������
		��
&��&�$�%'�&%��!��!���  �&�"!�"��%'$$"'!��!��%&$'�&'$������$���$��%�(�$����!&�%�#&��%�
�!���!&���'!���� �����!�%�)�������!�����(��&����������
		�� �!���'$����!�����%�%��
")�(�$��&��������&+�&"�$��'����!���  �&"$+�$�%#"!%���!����%��&����'$!�!��%�!%�&�"!�
�'$�!��&$��& �!&�#$"���'$���%�!"&������(�����)�&���'$$�!&�&$��& �!&� �&�"�%��

�$����  �����!�%� �$�� &��� �'$$�!&� ��"���� &$�!�� �%� �!� ��&�$!�&�(�� "$� '%��� �!�
�" ��!�&�"!�)�&�� "��$!� �����!���"$���%��%��&$��& �!&��	"$��!��$��%����"  "!�
��$���� #��!&� )����+� '%��� &�$"'��"'&� &��� )"$���� ���� �!&���'!���� �!�� �!&��
�!���  �&"$+� "�� �"$��!��$� �*&$��&� ��%� ���!� #$"(�!� �+� %�(�$��� %&'���%�� ����$�
�" #"!�!&%�%'����%���!��""����$�!�"�����$#�!�!���"���+�$"��$�"!%�/�&�$#�!�!�����
�+ �!��#"%%�%%�%'�%&�!&�����!&���'!�����!���!&���!���  �&"$+������&��%�����$��"$���
&��%���*&$��&����" #"!�!&%���(��#"&�!&�����%��!���&�$!�&�(�� �����!���"$���!�����%�%��
�"$�"(�$�� ,����&$"%#'!-� �%� �� !�)�+� ��(��"#��� &���!"�"�+� &��&� ��!� ��$$+� ��%�$���
 �&�$�����!������ �%���&��!����&��&�$����%��%�")�+��&�&�$��&�%�&���)������"'���#$"(��&"�
�����'%��'��&$��& �!&� �&�"���"$�"$�����!�����%�%�� �



�

�

�����	�������
����
�-7)8:4-5:�6.�!8)3��1636/?�)5,�!8)3��1)/569:1+�$+1-5+-9�

�01)5/��)1�&51<-891:?�

�01)5/��)1��%0)13)5,�

�4)13��21::1765/�3�+4;�)+�:0�

"065-�������������	�

�6*13-������������	����

�

��������	�����	�������������������������������������������������

�):-�6.��18:0�������;3?�	����	����

 ):165)31:?���������%0)1�

$->����������� ����)3-�

�)81:)3�$:):;9����$15/3-�

�64-��,,8-99���	��#):+01)5/9)-5�86),���)1?)�,19:81+:���01)5/��)1�+1:?���
����������������������������01)5/��)1��%0)13)5,��	���

�

����������	�	������������������������������������������������������


�	��78-9-5:�� �-+:;8-8���)+;3:?�6.��-5:19:8?���01)5/��)1�&51<-891:?��%0)13)5,�

�

������	������������������������������������������������������������


�	��� � ��$���)+;3:?�6.��-5:19:8?���01)5/��)1�&51<-891:?��%0)13)5,�


�	�� �� "0������)+;3:?�6.��-5:19:8?��%0-�&51<-891:?�6.��65/��65/���65/��65/�

�

�����������������
�

	�� �015:0)2)5)5�� $��� ���������� 
��� �665?)=65/�� "��� �;4.;�� $��� �0)::17)2685��  �� )5,�
�0)::17)2685��$�����
�	���#-,;+-,�0-)8:�8):-�<)81)*131:?�)5,�15+8-)9-,�9)31<)�+68:1963�15�7):1-5:9�
=1:0�%�����8+01<-9�6.�68)3�*1636/?������77�	
�	
���


�� ����������
����7)915/0-��������';��(����-;5/��'������8--5����'��)5,��;5/����$���
�	���
�647)81965�6.�*16.134�.684):165�)5,�41/8):165�6.�$:8-7:6+6++;9�4;:)59�65�:66:0�866:9�)5,�
:1:)51;4�41519+8-=9���3151+)3�)5,�->7-814-5:)3�,-5:)3�8-9-)8+0����
���77��������
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$*89��-.3&� (-441�4+� 942&9414,>�� .(-:&3�"3.;*78.9>���-*3,):���-.3&�

����������

�:7.3,�&,.3,��489*454748.8�.8�43*�2&/47�).8*&8*�+47�-:2&3�1.+*��!-:8��.9� .8�(7.9.(&1� 94�.3;*89.,&9*�

'43*�-42*489&8.8�.3�'49-�'43*�+472&9.43�&3)�'43*�7*84759.43�&85*(98���:7�1&'�-&8�'**3�+4(:8.3,�

43�489*4'1&894,*3*8.8�&3)�'43*� +472&9.43� +47�&�(4:51*�4+�>*&78���:7�,4&1� .8� 94� .)*39.+>� 9-*�0*>�

2*8*3(->2&1�89*2�(*118�9-&9�,.;*�7.8*�94�9-*�97&'*(:1&7�'43*�<-.(-�.8�8*38.9.;*�94�489*454748.8�&3)�

)*243897&9*�9-*�7*,:1&9.43�2*(-&3.82�4+�-4<�94�(:7*�489*454748.8���

�

�43*� +472&9.43� .3� 2&22&18� 7*6:.7*8� (439.3:4:8� 574):(9.43� 4+� 489*4'1&898� 9-74:,-4:9� 1.+*�� ��

(42243�241*(:1&7�2&70*7�+47�&11�489*4,*3.(�2*8*3(->2&1�574,*3.9478�3**)8�94�'*�.)*39.+.*)���>�

1.3*&,*�97&(.3,�*=5*7.2*398�.3�+*9&1�47�54893&9&1�2.(*��<*�).8(4;*7�9-&9��1.
��(*118�574,7*88.;*1>�

574):(*�489*4'1&898�.3�&11�80*1*9&1�8.9*8���489�349&'1>��.3�54893&9&1�,74<.3,�2.(*��9-*��1.
��(*118�

7*8.).3,�.22*).&9*1>�'*3*&9-�9-*�,74<9-�51&9*�9*72*)�-*7*�?2*9&5->8*&1�2*8*3(->2&1�574,*3.9478@�

����8���&7*�*88*39.&1�+47�(&3(*114:8�'43*�+472&9.43���*8.)*8�489*4'1&898�����8�&184�,.;*�7.8*�94�

'43*�2&774<�&).54(>9*8�&3)�89742&1�(*118� .3�;.;4������8*6�7*;*&18� 9-&9����8�*=57*88�8*;*7&1�

2&70*7�,*3*8�57*;.4:81>�&88.,3*)�94�2*8*3(->2&1�89*2�574,*3.947�(*118��.3(1:).3,���
���(&2��

������
	���#(&2
���),+7&��&3)��*57���*3*9.(�).87:59.43�4+��*),*-4,���-��8.,3&1.3,�.25&.78�

5741.+*7&9.43�&3)�489*4'1&89�).++*7*39.&9.43�4+����8���*24;&1�4+�C�(&9*3.3�(&:8*8����8�94�+&;47�

&).54,*3*8.8��7*8:19.3,�.3�489*45*3.&�(4:51*)�<.9-�.3(7*&8*)�2&774<�&).548.9>���.3&11>��54893&9&1�

�1.
��(*118�(4397.':9*�94�'49-�(-43)74(>9*8�&3)�489*4'1&898�):7.3,�'43*�+7&(9:7*�-*&1.3,��!-:8���1.
�

2&708�2*8*3(->2&1�574,*3.9478�7*85438.'1*�+47�'49-�3472&1�'43*�+472&9.43�&3)�+7&(9:7*�7*5&.7���

�

�47�2&3>�>*&78���!��-&8�'**3�)*243897&9*)�&8�&3�*++*(9.;*�5-&72&(*:9.(&1�(4254:3)�+47�7*1*&8.3,�

489*454748.8�� !-*� (422*7(.&1� )7:,� 9*7.5&7&9.)*�� 034<38� &8� �!�� �
����� .8� 9-*� 2489� <.)*1>�

57*8(7.'*)�'43*�&3&'41.(�)7:,�.3�9-*�<471)��':9�.98�(*11:1&7�9&7,*98�7*2&.3�.3(4251*9*1>�)*+.3*)���8�

)*8(7.'*)�&'4;*��9-*��1.
�����8�&7*�9-*�2&.3�84:7(*�+47�489*4'1&898�.3�54893&9&1�,74<.3,�2.(*��

':9� 9-*.7� 549*39.&1� 7*85438*� 94� 9*7.5&7&9.)*� .8� :3034<3���*7*�� '>� 1.3*&,*� 97&(.3,��<*� 8-4<� 9-&9�

9*7.5&7&9.)*�89.2:1&9*8�'49-�5741.+*7&9.43�&3)�489*4'1&89�).++*7*39.&9.43�4+����8�� .3,1*�(*11�����

8*6:*3(.3,� 7*;*&18� -*9*74,*3*.9>� &243,� ���8�� .3(1:).3,� &3� :3*=5*(9*)� (-43)74(>9*�1.0*�

489*4574,*3.947� �����������*=57*88*8� 9-*�-.,-*89� 1*;*1�4+��-� 9&7,*9�,*3*8�&3)� 9-*� .38:1.3�1.0*�

,74<9-� +&(947� 
� 7*(*5947� ��,+
7�� &243,� &11� (*11� (1:89*78�� ���� &184� *=57*88*8� �9-
7� &3)� +:79-*7�

:57*,:1&9*8��,+
7�:543�9*7.5&7&9.)*�97*&92*39���3-.'.9.43�4+��-�8.,3&1.3,�47�)*1*9.43�4+��,+
7�+742�

���8� ).2.3.8-*8� 9-*� 5741.+*7&9.;*� &3)� 489*4,*3.(� *++*(98� 4+� 9*7.5&7&9.)*�� !-*� 89:)>�� 9-*7*+47*��

.)*39.+.*8�����&8�&�9*7.5&7&9.)*�9&7,*9�<-*7*.3��-�&3)�.38:1.3�1.0*�,74<9-�+&(947�������8.,3&1.3,�&7*�

(7.9.(&1�+47�9-*�489*4&3&'41.(�7*85438*�.3�,74<.3,�2.(*��
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�7�� -.�7*(*.;*)�-.8��-����)*,7**�&9�9-*��-.3*8*��(&)*2>�4+� (.*3(*�.3�

�	

�� -&3,-&.��!-*3��-*�<470*)�<.9-��74+���&3=.3��43,�&8�&�5489)4(�

.3��:8(:1480*1*9&1��*8*&7(-��*39*7��$&8-.3,943�"3.;*78.9>�.3� 9���4:.8��

"� �� �3� �	
��� �7��  -.� 24;*)� <.9-� �74+�� �43,� 94� 9-*� "3.;*78.9>� 4+�

�*338>1;&3.&� &3)� <470*)� &8� &� �*8*&7(-� �884(.&9*�� �3� �	
��� �7��  -.�

'*(&2*�43*��7.3(.5&1��3;*89.,&947�.3�9-*� 9&9*��*>��&'47&947>�4+��7&1�

�.8*&8*8�� $*89� �-.3&� �411*,*� 4+�  942&9414,>��  .(-:&3� "3.;*78.9>��

�*(*391>�� �7��  -.� -&8� 5:'1.8-*)� &(&)*2.(� 5&5*78� .3� 8*;*7&1� /4:73&18��

.3(1:).3,��
�������������
����������	����������������&3)��������

�:77*391>�� -.A8�1&'�.8�+4(:8.3,�43�9-*�+4114<.3,�945.(8��

��� 
���!��%�!����� ����%���� !������� ����#�#���%�����!������������ ����� ������

�����!������"� ��

��� �!"�%�!���������� �����!�����!���!�$�%�������"��!�����������#�������!�����

����� !� � ��

��� 
�#� !���!��!������"��!��%������!����	�������� ����������� ����%���� !���

�������������!��!������������!��%���#��������!���$� !�����!����! ��%���� ���
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�� �����
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�	����������������/+/��7!-!435��/"!9!3()������/-/.!2)��!*)4!����)2/-)435�
�/2)3()-!����%.35+%��!-!5#()����%.*)��)+5#()����!/25��'!2!3()������)2/9!35�
�!.%4!+!����)2/3()���'53!�����
��)6)3)/.� /&�%.4!,� �!&%49� !.$� �934%-��!.!'%-%.4�� �/(/+5��.)6%23)49��/30)4!,� �� ��
)6)3)/.�/&��/,%#5,!2�!.$��%'%.%2!4)6%��2/34(/$/.4)#3���2!$5!4%��#(//,�/&�%.4)3429���
�/(/+5� �.)6%23)49�� �� �)!)3/.� �%.42%� &/2� �../6!4)6%� %.4)3429�� �2!$5!4%� �#(//,� /&��
%.4)3429�� �/(/+5��.)6%23)49�� ��)6)3)/.� /&��2!,� !.$��!8),,/&!#)!,� �52'%29���2!$5!4%��
�#(//,� /&� %.4)3429�� �/(/+5� �.)6%23)49�� �� �)/,/')#!,� �,/7� �45$)%3� �!"/2!4/29���
%0!24-%.4�/&��).%-%#(!.)#3���2!$5!4%��#(//,�/&��.').%%2).'���/(/+5��.)6%23)49�����
)6)3)/.�/&��2!.)/&!#)!,�
./-!,)%3���2!$5!4%��#(//,�/&�%.4)3429���/(/+5��.)6%23)49����


%2/3/,3�!.$�$2/0,%43�'%.%2!4%$�$52).'�$%.4!,�42%!4-%.4�(!6%�'!).%$�!44%.4)/.�$52).'�4(%��
������	�0!.$%-)#�"%#!53%�3%6%2%�!#54%�2%30)2!4/29�39.$2/-%�#/2/.!6)253���)3�02%3%.4��
).�3!,)6!�!4�#/.#%.42!4)/.3�#/-0!2!",%� 4/� 4(!4� ).�.!3!,�-5#53��%.4!,� 42%!4-%.4��7()#(��
).6/,6%3� 4(%� 53%� /&� 2/4!29� ).3425-%.43� ).� 4(%� /2!,� #!6)49�� #!22)%3� !.� ).#2%!3%$� 2)3+� /&��
).&%#4)/.�/7).'�4/�!%2/3/,�'%.%2!4)/.���(%2%&/2%��!�$%4!),%$�!.!,93)3�/&�4(%3%�!%2/3/,3�!.$��
$2/0,%43� )3� 2%15)2%$���/7%6%2�� 4(%�53%�/&�#/.6%.4)/.!,�-%4(/$3� )3� ,)-)4%$���,5/2%3#%.4��
-%4(/$3� #!../4� "%� !00,)%$� 4/� 4(%� (5-!.�"/$9�� !.$� 0!24)#,%� #/5.4).'�-%4(/$3� !2%� ./4��
35)4%$� &/2� !.!,9:).'� $2/0,%4� 2!.'%� !.$� 6%,/#)49� !##52!4%,9�� �%2%�� 7%� !$$2%33%$� 4(%3%��
02/",%-3�"9�%34!",)3().'�!�./6%,�-%4(/$�/&�$%.4!,� !%2/3/,3�!.$�$2/0,%43�-%!352%-%.4��
53).'�4(%�,)'(4�%-)44).'�$)/$%������,!3%2�4%#(.)15%���(%�/"*%#4)6%�/&�4()3�345$9�7!3�4/��
).6%34)'!4%�4(%�%&&%#4�/&�$)&&%2%.4�42%!4-%.4�3)4%3�!.$�).3425-%.43�/.�!%2/3/,3�!.$�$2/0,%43�
'%.%2!4)/.���
�(%� )-!'%3� /&� 4(%� !%2/3/,3� !.$� $2/0,%43� 7%2%� 4!+%.� &2/-� 4(%� ,!4%2!,� 3)$%� /&� !� $%.4!,��
-!..%15).�7)4(�!�()'(�30%%$�#!-%2!���/27!2$�3#!44%2%$�,)'(4�7!3�-%!352%$�"9�0,!#).'��!�
()'(�).4%.3)49����,)'(4�/.�4(%�3!-%�!8)3�!3�4(%�#!-%2!���(%�/"4!).%$�)-!'%3�7%2%��42%!4%$�
7)4(�03%5$/�#/,/2�02/#%33).'��!.$�4(%�!%2/3/,3�!.$�$2/0,%43�!2%!�7%2%�-%!352%$��"9��)*)�
3/&47!2%���(%�2%35,43�3(/7%$�4(!4�!%2/3/,3�!.$�$2/0,%43�'%.%2!4)/.�7!3�!&&%#4%$��"9�4(%�
42%!4-%.4�3)4%�!.$�4(%�).3425-%.43�53%$���()3�./6%,�-%4(/$�#/5,$�"%�53%$�4/� �%,5#)$!4%�
!%2/3/,3�!.$�$2/0,%43�$9.!-)#3�).�$)&&%2%.4�$%.4!,�02/#%$52%3��� �
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33)34!.4��2/&%33/2���/(/+5��.)6%23)49��/30)4!,���%.$!)���!0!.��
��%3%!2#(��.4%2%34 �
%2/3/,�$9.!-)#3���.&%#4)/.��/.42/,����
�%$/8�")/,/'9���4%-�#%,,��)/,/'9�
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�-8<��7.�!:<07,76<1+;��$+0774�7.��-6<1;<:A���0766)5� )<176)4�&61>-:;1<A��
�
'1<0�<0-�/:7?16/�<:-6,�7.�,1/1<)4�,-6<1;<:A����?7=4,�413-�<7�16<:7,=+-�<0-�,1/1<)4�,1)/67;1;�)6,�
<:-)<5-6<�=;16/�,1/1<)4�<-+06747/1-;�16+4=,16/�16<:)7:)4�;+)66-:;��+76-�*-)5��%�;+)6;�����.)+
1)4�;+)6;��)6,����8:16<16/��)6,�07?�<7�=<141B-�<0-5�16�7:<07,76<1+�:-;-):+0-;��%0:--�316,;�7.�1
5)/16/�57,)41<1-;��;=+0�);�16<:)7:)4�;+)66-,�,-6<)4�15)/-��+76-�*-)5��%��)6,����.)+1)4�;+)
6;�):-�8:78-:4A�*4-6,-,�)6,�=;-,�.7:�8)<1-6<�,1)/67;1;�)6,�->)4=)<176�<0)<�0);�*--6�16,-8-6,-
6<4A�8-:.7:5-,�=;16/�-@1;<16/�16,1>1,=)4�,)<)�+)6�*-�8-:.7:5-,�)<�76+-�.:75�)�57:-�-;<0-<1+�8
716<�7.�>1-?���
%A81+)44A��<0-:-�):-��
	
�����������������)6,��
	
���������������16�<:-)<5-6<���6�7:,-:�<7�)+
+=:)<-4A�)<<)+0�<0-�7:<07,76<1+�*:)+-;�<7�<0-�<--<0��1<�1;�8:-.-:)*4-�<7�=;-�<0-�16,1:-+<�*76,16/�
5-<07,��)6,�<0-:-�1;�)6�),>)6<)/-�16�<0)<�<0-�+0)1:�<15-�7.�<0-�8)<1-6<�1;�)4;7�:-,=+-,���7?->-
:��<01;�5-<07,�:-9=1:-;�)�+=5*-:;75-�4)*7:)<7:A�8:7+-;;�.7:�16-@8-:1-6+-,�+4161+1)6;�*-+)=;-
�1<�1;�-;;-6<1)4�<7�.)*:1+)<-�)�8:-+1;-�84);<-:�57,-4�)6,�:-9=1:-;�)�+7584-@�4)*7:)<7:A�8:7+-;;���
.�,1/1<)4�*:)+3-<�;-<=8�1;�)8841-,�<7�<01;��)�57:-�-..1+1-6<�)6,�)++=:)<-�16,1:-+<�*76,16/�+)6�*-�
7*<)16-,���6.-+<176�+76<:74�+)6�)4;7�*-�516151B-,�*-+)=;-�<0-:-�):-�67�4)*7:)<7:A�?7:3;�:-9=1
:-,�<7�;+)6�<0-�8)<1-6<�;�,-6<1<176�?1<0�)6�16<:)7:)4�;+)66-:�)6,�5)6)/-�<0-�84);<-:�57,-4�?1<0
7=<�<0-�)4/16)<-�158:-;;176�<)316/�8:7+-;;���=:<0-:57:-��,1/1<)4�+4-):�;-<=8�+)6�*-�8-:.7:5-,�
=;16/�16<:)7:)4�;+)6�,)<)��)6,�)�+4-):�)41/6-:�+)6�*-�5)6=.)+<=:-,�=;16/����8:16<16/�<-+06747/
A��?01+0�+)6�4-6/<0-6�<0-�8)<1-6<C;�>1;1<�16<-:>)4�+758):-,�<7�<:-)<5-6<�?1<0�)�+76>-6<176)4�.1
@-,�7:<07,76<1+�*:)+-;��%01;�1;�)4;7�),>)6<)/-7=;�16�<0)<�+=;<751B-,�7:<07,76<1+�<:-)<5-6<�+)
6�*-�8-:.7:5-,�16�<0-�87;<�+7:76)�-:)�);�1<�+)6�516151B-�8)<1-6<�>1;1<;���6�<01;�4-+<=:-����?7=4,
�413-�<7�16<:7,=+-�<0-�,1/1<)4�)88:7)+0�16�7:<07,76<1+�<:-)<5-6<�)6,�:-;-):+0�=;16/�16<:)7:)4�;+
)66-:;��+76-�*-)5��%�;+)6;�����.)+1)4�;+)6;��)6,����8:16<16/�<0)<�+)6�*-�)4;7�=;-,�);�)�;<:)<-
/A�<7�:-;876,�<7�<0-�87;<��7:76)�-:)��
�
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������A=6/516��--���A=6/516��4):)��--��
�$� ����$&���7:-)6�
����������"�##�� ��-8):<5-6<�7.�!:<07,76<1+;��$+0774�7.��-6
<1;<:A���0766)5� )<176)4�&61>-:;1<A�����(76/*76/�:7���=3�/=���
?)6/2=��		�����!#���
��5)14��7:<07435�26=�)+�3:�
� �
�"�#��$��������������� #!�$����!! ��$���$#��
� ":7.-;;7:�
� �-8):<5-6<�7.�!:<07,76<1+;�
� �0766)5� )<176)4�&61>-:;1<A�$+0774�7.��-6<1;<:A���?)6/2=���7:-)�
� �4161+)4�":7.-;;7:���-8):<5-6<�7.�!:<07,76<1+;�
� �0766)5� )<176)4�&61>-:;1<A��7;81<)4�
�
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���� ����$��,-/:--�.:75��0766)5� )<176)4�&61>-:;1<A��
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An Adiponectin Receptor Agonist Promote Osteogenesis via Regulating 

Bone-Fat Balance 
Hanghang Liu, Shibo Liu, Huanzhong Ji, Qiucheng Zhao, Yao Liu, Pei Hu, En Luo 

Adiponectin signaling has been considered to be a promising target to treat diabetes 
related osteoporosis resulting from excessive osteoclastogenesis and bone-fat imbalance. 
However, contradictory results regarding bone formation were observed due to the 
complex paracrine feedback regulation and various isoforms of adiponectin. Therefore, it 
is urgently needed to investigate the role of adiponectin receptor signals on bone-fat 
balance in order to having a comprehensive understanding of the biological effect of 
adiponectin. We primarily applied a newly discovered specific adiponectin receptor 
agonist AdipoRon to treat pre-osteoblast, pre-osteoclast and two kinds of mesenchymal 
stromal cells to investigate the role of Adiponectin receptor signals on bone-fat balance 
including osteoblast-osteoclast and osteoblast-adipocyte differentiation balance. We then 
established femur defect mouse model and treated them with AdipoRon to see whether 
adiponectin receptor activation could promote bone regeneration and further confirm its 
effect in adipogenesis of inguinal adipocytes. In our study, we found that AdipoRon could 
slightly inhibit the proliferation of pre-osteoblast and pre-osteoclast, but AdipoRon 
showed no effect on the viability of mesenchymal stromal cells. AdipoRon could 
remarkably promote cell migration of mesenchymal stromal cells. Additionally, 
AdipoRon promoted osteogenesis in both pre-osteoblasts and mesenchymal cells 
including bone marrow mesenchymal stromal stem cells and adipose derived stem cells. 
Besides, AdipoRon significantly inhibited osteoclastogenesis via its direct impact on pre-
osteoclast and its indirect inhibition of RANKL in osteoblast. Moreover, both bone 
marrow mesenchymal stromal stems cells and adipose derived stem cells showed 
obviously decreased adipogenesis when treated with AdipoRon. Consistently, AdipoRon 
treated mice showed faster bone regeneration and repressed adipogenesis in inguinal 
adipocytes. Our study demonstrated a pro-osteogenic, anti-adipogenic and anti-
osteoclastogenic effect of adiponectin receptor activation in young mice, which suggested 
adiponectin receptor signaling was involved in bone regeneration and bone-fat balance 
regulation. Thus, AdipoRon could be a promising target for the treatment or prevention 
of osteoporosis. 

Hanghang Liu, DDS, PhD. Postdoc in Sichuan University, West China 
Hospital of Stomatology. Visiting Scholar in Maine Medical Center 
Research Institute, Clifford Rosen Lab. 

Research interest: Effect of adiponectin receptor signaling in regulating bone-fat balance 
of bone marrow mesenchymal cells derived from young and aging individuals; Role of 
ZFP467 in mediating cell differentiation and energy metabolism. 
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Extracellular Matrix Derived from Dental Pulp Stem Cells 
Promotes Mineralization 

Nowwarote N 1,2,5, Petit S 2, Ferre F 2, Dingli F 3, Laigle V 3, Loew D 3, 
Osathanon T 1,4*, Fournier B 2,5

1 Dental Stem Cell Biology Research Unit, Faculty of Dentistry, Chulalongkorn 
  University, Bangkok 10330, THAILAND  
2 Centre de Recherche des Cordeliers, Université de Paris, Sorbonne Université, 
  INSERM UMRS 1138, Oral Molecular Pathophysiology; Paris 75006, RANCE 
3 Institut Curie, PSL Research University, Centre de Recherche, Laboratoire de  
  6SHFWURPpWULH�GH�0DVVH�3URWpRPLTXH�����UXH�G¶8OP��3DULV�������&HGH[�����
  FRANCE 
4 Department of Anatomy, Faculty of Dentistry, Chulalongkorn University, Bangkok 
  10330, THAILAND 
5 Université de Paris, Dental Faculty Garancière, Department of Oral Biology, Paris 
  75006, FRANC 

Abstract 
Extracellular matrix (ECM) plays a pivotal role in many physiological processes. 
ECM macromolecules and associated factors differ according to tissues, impact cell 
differentiation and tissue homeostasis. Dental pulp ECM may differ from other oral 
tissues and impact mineralization. Thus, the present study aimed to identify the 
matrisome of ECM proteins derived from human dental pulp stem cells (DPSCs) and 
its ability to regulate mineralization even in cells, which do not respond to assaults by 
mineralization, the human gingival fibroblasts (GF). ECM were extracted from 
DPSCs cultured in normal growth medium supplemented with L-ascorbic acid (N-
ECM) or in osteogenic induction medium (OM-ECM). ECM decellularization 
(dECM) was performed using 0.5% triton X-100 in 20mM ammonium hydroxide 
after 21 days.  Mass spectrometry and proteomic analysis identified and quantified 
matrisome proteins. The dECM contained ECM proteins but lacked the cellular 
components and mineralization. Interestingly, collagens (COL6A1, COL6A2 and 
COL6A3) and elastic fibers (FBN1, FBLN2, FN1 and HSPG2) were significantly 
represented in N-ECM while, annexins (ANXA1, ANXA4, ANXA5, ANXA6, 
ANXA7 and ANXA11) were significantly overdetected in OM-ECM. GF were 
reseeded on N-dECM and OM-dECM and cultured in normal or osteogenic medium. 
GF were able to attach and proliferate on N-dECM and OM-dECM. Both dECM 
enhanced mineralization of GF at day 14 compared to tissue culture plate (TCP). In 
addition, OM-dECM promoted higher mineralization of GF than N-dECM although 
cultured in growth medium. ECM derived from DPSCs proved to be osteoinductive 
and this knowledge supported cell derived ECM can be further utilized for tissue 
engineering of mineralized tissues.  

Short CV: Nunthawan Nowwarote, September 2020 - Present: 
Lecturer at Faculty of Dental Surgery, Université de Paris and 
Researcher at CRC, Oral Molecular Physiopathology, Centre de 
Recherche des Cordeliers. INSERM - UMRS 1138, Paris, France. 
Research Interest: Molecular biology of stem cells isolated from 
dental and oral tissues 
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Specific microRNAs regulate dental pulp stem cells behavior: A 
Systematic Review 

Promphakkon Kulthanaamondhita1, Chatvadee Kornsuthisopon1, Suphalak Photichailert1, 
Jeeranan Manokawinchoke1, Phoonsuk Limraksasin1,2, Thanaphum Osathanon1,*
1Dental Stem Cell Biology Research Unit and Department of Anatomy, Faculty of Dentistry, 
Chulalongkorn University, Bangkok, Thailand 
2Division of Molecular and Regenerative Prosthodontics, Tohoku University Graduate 
School of Dentistry, Sendai, Miyagi, Japan  

MicroRNAs (miRNAs), small non-coding RNA, control the translation of messenger 
RNAs into proteins. miRNAs have a crucial role in regulating the diverse biological 
processes of many physiological and pathological activities. miRNAs have shown to 
modulate the stemness and differentiation of various mesenchymal stem cells. The miRNAs 
in dental pulp stem cells (DPSCs) have been demonstrated to regulate the levels of proteins 
crucial  for DPSC proliferation and differentiation. The present systematic review describes 
the functions of miRNAs, focusing on the roles of miRNAs in in regulating stemness 
maintenance and differentiation. Furthermore, the functions of miRNAs in DPSCs cell 
proliferation and differentiation were reviewed. DPSC miRNA expression profiles compared 
with other cell types was described. The roles of miRNAs in dental pulp inflammation were 
also discussed.  

Curriculum Vitae 
- Doctor of Dental Surgery (Honors), Rangsit University,

Thailand
- Master of Science (Periodontics), Chulalongkorn

University, Thailand
- Lecturer, Department of Oral Diagnostic Sciences, College

of Dental Medicine, Rangsit University, Thailand
- Current Ph.D. Student in Oral Biology, Faculty of

Dentistry, Chulalongkorn University, Thailand

Research interest 
- microRNAs expression profile dental pulp cells
- Target genes of microRNAs in dental pulp cells
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Iloprost promoted acellular cementum formation in 

vivo 

Sonntana Seang 1,7, Chenboonthai Nichakorn 2, Nisaeh Natnicha 2, 
Teantongdee Araya 2, Yodsanga Somchai 4, Saharat Jamsai 2, 
Chanunchida Changgnam 2, Kanika Yoongkiew 2, Paksinee 

Kamolratanakul 3, Vincent Everts 4, Sermporn Thaweesapphithak 5, 
Thantrira Pornthaveetus 5, Prasit Pavasant 6, Thanaphum Osathanont 

6, Chalida Nakalekha Limjeerajarus 7

1 Department of Oral and Maxillofacial Surgery, Khmer-Soviet Friendship Hospital, 2 Dental School, Faculty of Dentistry, 3 Department of 
Oral and Maxillofacial surgery, Faculty of Dentistry, 4 Faculty of Dentistry University of Amsterdam, Biomaterial Testing Center, 5 

Precision Dentistry Research Unit, 6 Department of Anatomy, 7 Department of Physiology, Faculty of Dentistry, Chulalongkorn University, 
Bangkok, 10330, Thailand. 

Abstract 

Tooth replantation is one of alternative treatment for edentulous area. Root surface 
treatment prior to tooth replantation by bioactive molecule or cytokines have been proposed 
to increase success rate and promoted PDL regeneration. This study evaluated the use of 
the prostacyclin analogue, iloprost, an angio-/osteo-/odontogenic factor, as a root surface 
treatment in promoting acellular cementum formation in a tooth replantation in vivo. We 
found that microCT evaluation demonstrated a significant higher bone volume in the 
iloprost-treated group compared to HBSS-treated groups. Histologic analysis revealed 
deposition of a thick layer of acellular cementum along the cervical root in the iloprost 
group with well-organized PDL fibers. In vitro PDL cells treated with iloprost significantly 
increased gene expression of  RUNX2, OSX, BSP and ALP. These induction effects were 
inhibited by an IP-receptor antagonist.These observations suggest that iloprost may be a 
promising biomolecule for conditioning of the root surface prior to of its replantation. 

CV 

Dr. Chalida is currently associate professor and assistant dean in research affair, 
faculty of Dentistry ,Chulalongkorn University. She graduated and obtained her DDS 
degree in 2004 and received Japanese Monbugakusho Scholarship. She received her 
clinical training at department of Fixed Prosthodontics and PhD at department of Cellular 
Physiology and Chemistry, Tokyo Medical and Dental University, Japan in 2009. 

Dr. Chalida received external grants supported by Thailand research funds. She 
received two young investigator grants by Thailand research fund from 2011-2017. She is 
currently receiving mid-career research grant from National Research Center of Thailand. 

 Research Interest Pulp Biology, Tooth and tissue Regeneration, Dental Mechanics 
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The role of Yes-associated protein on cell fate decisions of human 
periodontal ligament cells under compressive force loading 

Nuttha Klincumhom1,3, Chanchao Lorthongpanich2,*, Nittaya Jiamvoraphong2, Prapasri 
Septham2, Wutthikiat Promyu1, Surapol Issaragrisil2, Prasit Pavasant1 

1Center of Excellence for Regenerative Dentistry and Department of Anatomy, Faculty of Dentistry, Chulalongkorn 
University, Bangkok 10330, Thailand. 2Siriraj Center of Excellence for Stem Cell Research, Faculty of Medicine Siriraj 
Hospital, Mahidol University, Bangkok 10700 Thailand. 3Exocrine Gland Biology and Regeneration Research Group, 
Faculty of Dentistry, Chulalongkorn University, Bangkok 10330, Thailand. 

Abstract 
During tooth movement, mechanical stimuli has been known to influence self-

renewal and differentiation fates of dental-derived cells, including periodontal ligament 
(PDL) cells. However, the underlying mechanisms in which PDL cells process through 
mechanotranduction in making cell fate decisions remains to be fully understood. In 
response to mechanical stimuli, the downstream regulator of Hippo pathway, Yes-
Associated Protein (YAP) has been identified as a mechanosensitive transcriptional 
activator that control cellular activities, including cell proliferation and differentiation in 
several cell types but yet to be studied in human PDL cells. Herein, we performed 
experiments to determine the potential of YAP as a mechanosensing regulator in PDL cells. 
Intermittent compressive force (ICF) was applied to YAP-knockdown (YAP-KD) PDL 
cells concurrently with a normal control cells and non-ICF treated cells. The cells were then 
determined for cell-proliferation and differentiation capacity to osteoblasts and adipocytes. 
Results showed that the expression level of YAP of PDL cells can be significantly 
stimulated by ICF, but not by continuous compressive force (CCF). The downstream target 
genes of YAP including CYCLIN-D1, C-MYC, and CTGF was significantly activated in 
PDL cells after ICF loading. Moreover, ICF potentially promoted osteogenesis, but not 
adipogenesis of PDL cells. YAP-knockdown (YAP-KD) significantly decreased cell 
proliferation and osteogenic differentiation of PDL cells, while markedly increased 
adipogenic differentiation. Applying ICF to the YAP-KD PDL cells significantly improved 
osteogenic differentiation capacity. However, the adipocyte differentiation in YAP-KD 
cells was not affected upon ICF loading. Altogether, our result suggested that YAP could 
be a mechanosensing regulator response to ICF that require for osteogenic differentiation 
capacities of human PDL cells. Our findings may provide the possibility to facilitate PDL 
tissue regeneration by manipulation of Hippo-YAP signaling pathway. 

Curriculum Vitae 
Nuttha Klincumhom, she joined the laboratory of Andras Dinnyes at 
the Molecular Animal Biotechnology Laboratory, Szent Isvan 
University and Biotalentum Ltd. (Hungary) as a Ph.D. fellow to 
perform her stem cell research in PartnErS project in 2009. She 
received her Ph.D. from Chulalongkorn University where she studied 
reproductive technology and stem cell biology. In 2015, she took a 
position as a lecturer at Department of Anatomy and joined Prof. 
Prasit Pavasant’s laboratory at Center of Excellence for Regenerative 

Dentistry, Faculty of Dentistry, Chulalongkorn University where she continued the stem 
cell research in dental field. 
Research interest: Biology of periodontal ligament stem cells regarding their proliferation 
capacity, differentiation potential, immunomodulatory property, mechanobiology and their 
clinical applications.  
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7KH (VVHQWLDO 5ROH RI %03 6LJQDOLQJ LQ 7RRWK 5RRW )RUPDWLRQ
-XQ :DQJ� ;XGRQJ ;LH� &KXQPHL ;X� 6WHSKHQ (� +DUULV� -LDQ 4� )HQJ

2%-(&7,9(6�-DZERQH DQG GHQWLQ VKDUH PDQ\ FRPPRQ IHDWXUHV� DOWKRXJK ZKLFK RQH
HYROXWLRQDULO\ FRPHV ILUVW LV VWLOO XQGHU GHEDWH� 7KH JRDO RI WKLV VWXG\ ZDV WR LQYHVWLJDWH
WKH UROH RI %03� DQG %03� LQ FRQWUROOLQJ WKH IDWH RI SXOS FHOOV GXULQJ PRODU URRW
IRUPDWLRQ�
0(7+2'6�7KH *OL��&UH(57� PLFH ZHUH FURVVHG ZLWK %PS�IOR[�IOR[ DQG %PS�IOR[�IOR[ PLFH
LQ 5��5WG7RPDWR EDFNJURXQG WR VSHFLILFDOO\ LQDFWLYDWH %PS� DQG�RU %PS� �WZR NH\ %03
OLJDQGV� LQ WKH GHQWDO SXOS FHOOV� $ VLQJOH GRVH RI WDPR[LIHQ ZDV LQMHFWHG DW SRVWQDWDO
GD\ � DQG DQLPDOV ZHUH KDUYHVWHG DW SRVWQDWDO ZHHN � ZLWK (G8 LQMHFWLRQ � KRXUV EHIRUH
VDFULILFH� 7KH FRPELQHG DSSURDFKHV RI ;�UD\� ȝ&7� LQ YLYR FHOO OLQHDJH�WUDFLQJ�
KLVWRORJ\� DQG LPPXQRVWDLQLQJ ZHUH XVHG�
5(68/76�7KH GHOHWLRQ RI VLQJOH %PS� RU %PS� OHG WR PLQRU GHQWLQ GHIHFWV� ZKLOH
GRXEOH NQRFNRXW �G.2� PLFH GLVSOD\HG SURIRXQG GHIHFWV LQ PRODU URRWV� FKDUDFWHUL]HG
E\ VKRUW DQG WKLQ URRW GHQWLQ ZLWK IHZ GHQWLQDO WXEXOHV� 7KH TXDQWLWDWLYH ȝ&7 GDWD
GHPRQVWUDWHG WKDW WKHVH FKDQJHV ZHUH VWDWLVWLFDOO\ VLJQLILFDQW �Q �� 3 ζ ������
0HFKDQLVWLF VWXGLHV �LQFOXGLQJ FHOO OLQHDJH WUDFLQJ DQDO\VLV� VKRZHG �� LQVWHDG RI
SRODUL]HG RGRQWREODVW OD\HUV� D VLQJOH FXERLG�OLNH RVWHREODVW OD\HU IRUPHG� �� D FKDQJH
RI GHQWLQ PDWUL[ WR ERQH�OLNH PDWUL[� LQ ZKLFK ERQH�OLNH FHOOV ZHUH EXULHG� �� D JUHDW
LQFUHDVH LQ SXOS FHOO SUROLIHUDWLRQ DQG ERQH PDUNHU H[SUHVVLRQ� �� D VKDUS UHGXFWLRQ LQ
RGRQWREODVW PDUNHUV VXFK DV QHVWLQ DQG '633� DQG �� DQ HFWRSLF ERQH�OLNH VWUXFWXUH
IRUPHG LQ SXOS� 7RJHWKHU� GDWD VXSSRUWHG D YLWDO UROH RI %03 VLJQDOLQJ LQ SUHYHQWLQJ WKH
FHOO IDWH FKDQJH IURP RGRQWREODVW OLQHDJH WR RVWHREODVW OLQHDJH GXULQJ URRW GHQWLQ
IRUPDWLRQ�
&21&/86,216�2XU ILQGLQJV GHPRQVWUDWHG WKDW %03 VLJQDOLQJ �D FRPELQHG UROH RI
%03� DQG %03�� LV HVVHQWLDO IRU GHWHUPLQLQJ WKH FHOO IDWH RI *OL�� SXOS FHOOV GXULQJ
PRODU URRW IRUPDWLRQ� DQG VXSSRUWHG D QRWLRQ WKDW WRRWK GHYHORSPHQW RFFXUV DIWHU
MDZERQH�

6KRUW &9
-XQ :DQJ� $VVRFLDWH 3URIHVVRU� (PDLO� MXQZDQJ#VFX�HGX�FQ
'HSDUWPHQW RI 3HULRGRQWLFV� :HVW &KLQD 6FKRRO RI 6WRPDWRORJ\�
6LFKXDQ 8QLYHUVLW\
, REWDLQHG P\ 3K' DQG '0' GHJUHHV LQ 6LFKXDQ 8QLYHULVW\� , KDYH
SXEOLVKHG PRUH WKDQ �� SHHU�UHYLHZHG DUWLFOHV� LQFOXGLQJ � DUWLFOHV LQ -RXUQDO RI 'HQWDO
5HVHDUFK� � DUWLFOH LQ -RXUQDO RI %RQH DQG 0LQHUDO 5HVHDUFK� DQG � DUWLFOH LQ -RXUQDO RI
3HULRGRQWRORJ\� , KDYH ZRQ VHYHUDO DFDGHPLF DZDUGV� LQFOGXLQJ ,$'5 3XOS %LRORJ\
5HVHDUFK *URXS <RXQJ ,QYHVWLJDWRU 3UL]H IRU ,QQRYDWLRQ� $6%05 <RXQJ ,QYHVWLJDWRU
7UDYHO $ZDUG� 7UDYHO $ZDUG RI 7KH .RUHDQ $FDGHP\ RI 3HULRGRQWRORJ\ DQG HWF��

5HVHDUFK ,QWHUHVWV
0\ UHVHDUFK LQWHUHVWV DUH SHULRGRQWLXP DQG WRRWK� HVSHFLDOO\ WKH UROH RI PHVHQFK\PDO
VWHP FHOOV LQ SHULRGRQWDO KRPHRVWDVLV DQG WRRWK IRUPDWLRQ�
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,URQ�0HWDEROLVP�LQ�WKH�'HYHORSPHQW�DQG�$JHLQJ�RI�2GRQWREODVW 
+DLVKHQJ�:DQJ����)DQ\XDQ�<X������)HLIHL�/L���/LQJ�<H����� 

�6WDWH�.H\�/DERUDWRU\�RI�2UDO�'LVHDVHV�	�1DWLRQDO�&OLQLFDO�5HVHDUFK�&HQWHU�IRU�2UDO�
'LVHDVHV��:HVW�&KLQD�+RVSLWDO�RI�6WRPDWRORJ\��6LFKXDQ�8QLYHUVLW\��&KHQJGX��&KLQD� 
�'HSDUWPHQW�RI�(QGRGRQWLFV��:HVW�&KLQD�6WRPDWRORJ\�+RVSLWDO��6LFKXDQ�8QLYHUVLW\��
&KHQJGX��&KLQD�  
 &RUUHVSRQGHQFH��/LQJ�<H��\HOLQJ#VFX�HGX�FQ�
$EVWUDFW
%DFNJURXQG�� ,URQ� LV� DQ� HVVHQWLDO� HOHPHQW� WKDW� LV� LQGLVSHQVDEOH� IRU� OLIH�� %RG\� LURQ
KRPHRVWDVLV� LV�D�GHOLFDWH�EDODQFH�DQG�RUFKHVWUDWHG�E\�VHULHV� LURQ�UHJXODWRU\�SURWHLQV
�,53V���,PEDODQFH�LQ�LURQ�KRPHRVWDVLV��ERWK�LQVXIILFLHQW�RU�RYHUORDGHG�� LV�DVVRFLDWHG
ZLWK�PDQ\�SDWKRORJLFDO�SURFHVVHV��$V�WKH�FRUH�RI�WKH�GHQWLQ�SXOS�FRPSOH[��RGRQWREODVW
IXQFWLRQV� WR� PDLQWDLQ� WKH� ELRDFWLYLW\� RI� WKH� GHQWDO� SXOS�� +RZHYHU�� HLWKHU� WKH
SK\VLRORJLFDO�RU�SDWKRORJLFDO�UROH�RI�LURQ�LQ�RGRQWREODVW�LV�VWLOO�ODUJHO\�XQNQRZQ��,Q�WKLV
VWXG\�� ZH� LQWHQG� WR� SULPDULO\� UHYHDO� WKH� EDVLF� SURFHVV� RI� LURQ� PHWDEROLVP� LQ� WKH
GHYHORSPHQW�DQG�DJHLQJ�RI�RGRQWREODVW�
0DWHULDOV�DQG�0HWKRGV��+XPDQ�GHQWDO�SXOS�RI�GLIIHUHQW�DJHV�DQG�PRXVH��&��%/���
PDQGLEXODU� LQFLVRU� ZHUH� XVHG� WR� LQYHVWLJDWH� WKH� UROH� RI� LURQ� PHWDEROLVP� LQ� WKH
GHYHORSPHQW�DQG�DJHLQJ�RI�RGRQWREODVW��&RORFDOL]DWLRQ�RI�,53V��7UDQVIHUULQ�UHFHSWRU�
��� )HUULWLQ�� DQG� )HUURSRUWLQ��ZDV� GHWHFWHG� E\� LPPXQRIOXRUHVFHQFH� VWDLQLQJ��$� )H���
VSHFLILF�$JJUHJDWLRQ�LQGXFHG� (PLVVLRQ� �$,(�� SUREH�73(�R�3\�ZDV� XVHG� IRU� LQ� VLWX
GHWHFWLRQ�RI�LURQ��)H����
5HVXOWV��$FFRUGLQJ�WR�WKH�PDWXUDWLRQ�RI�RGRQWREODVW�LQ�PRXVH�PDQGLEXODU�LQFLVRU��WKH
H[SUHVVLRQ� RI� ,53V� DQG� WKH� DFFXPXODWLRQ� RI� LURQ� JUDGXDOO\� LQFUHDVHG� IURP� ODELDO
FHUYLFDO�ORRSV��WKH�VWHP�FHOO�QLFKH��WR�WKH�GLVWDO�UHJLRQ�RI�PDWXUHG�RGRQWREODVW��$�VLPLODU
VWHPQHVV�UHODWHG�H[SUHVVLRQ�PRGHO�FRXOG�EH�REVHUYHG�LQ�D����\HDUV�ROG�KXPDQ�GHQWDO
SXOS�VDPSOH�ZLWK�GHQWDO�SDSLOOD��,Q�WKH�DJHLQJ�SURFHVV�RI�RGRQWREODVW��WKH�FRQWHQW�RI
LURQ�DOWHUHG�LQ�DQ�DJH�GHSHQGHQW�PDQQHU��ZKLFK�FRXOG�EH�VXSSRUWHG�E\�WKH�JUDGXDOO\
LQFUHDVHG�VLJQDO�RI�LURQ�LQ�KXPDQ�GHQWDO�SXOS�IURP����WR����\HDUV�ROG��7KH�H[SUHVVLRQ
RI�,53V�VKDUHG�D�VLPLODU�GLVWULEXWLRQ�SDWWHUQ�
&RQFOXVLRQV��7KH�DFFXPXODWLRQ�RI�LURQ�DQG�WKH�XSUHJXODWHG�H[SUHVVLRQ�RI�,53V�ZHUH
SRVLWLYHO\�UHODWHG�WR�WKH�PDWXUDWLRQ�DQG�DJHLQJ�SURFHVV�RI�RGRQWREODVW��7KH�XQGHUO\LQJ
PHFKDQLVP�WKURXJK�ZKLFK�LURQ�DIIHFWV�WKH�GLIIHUHQWLDWLRQ�DQG�PDLQWDLQLQJ�KRPHRVWDVLV
RI�RGRQWREODVW�UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ�

6KRUW�&9 
1DPH��+DLVKHQJ�:DQJ��3K�'�
6WDWXV�� 3RVW�GRFWRU� LQ� 6WDWH� .H\� /DERUDWRU\� RI� 2UDO� 'LVHDVHV� 	�
1DWLRQDO� &OLQLFDO� 5HVHDUFK� &HQWHU� IRU� 2UDO� 'LVHDVHV��:HVW� &KLQD�
+RVSLWDO�RI�6WRPDWRORJ\��6LFKXDQ�8QLYHUVLW\��&KHQJGX��&KLQD 
(�PDLO��KDLVKHQJBZDQJ#VFX�HGX�FQ
25&,'��KWWSV���RUFLG�RUJ��������������������

5HVHDUFK�LQWHUHVW 
)XQFWLRQV�DQG�PHFKDQLVPV�RI�DXWRSKDJ\�LQ�PDLQWDLQLQJ�WKH�KRPHRVWDVLV�RI�RGRQWREODVW 
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Effect of rapid increases in oxygen levels on glucose metabolism of cancer cells 

Yuta Shinohara1.2, Jumpei Washio1, Yuri Kobayashi1, Yuki Abiko1, 
Hiromitsu Morishima1, Keiichi Sasaki2 and Nobuhiro Takahashi1
1 Division of Oral Ecology and Biochemistry, Tohoku University 
Graduate School of Dentistry, Sendai, Japan. 
2 Division of Advanced Prosthetic Dentistry, Tohoku University 
Graduate School of Dentistry, Sendai, Japan 

Objectives 
It is known that the oxygen concentration within cancer tissue is low. However, the 
oxygen concentration within cancer tissue is expected to increase rapidly again when 
the oxygen supply is recovered by angiogenesis or hematogenous metastasis. Therefore, 
we investigated the effect of the fluctuation of oxygen concentration on the glucose 
metabolism of cancer cells since glucose metabolism is the main pathway for cancer 
cells to obtain energy. 

Methods 
Oral squamous cell carcinoma cells (HSC-2 and HSC-3) and normal human keratinized 
epithelial cells (HaCaT) were used. The glucose metabolic activity of the cells cultured 
in normoxia (21% oxygen) and hypoxia (1% oxygen) was measured as acid-producing 
activity using a pH stat system in normoxic (21% oxygen) and hypoxic (1% oxygen) 
conditions. Acidic end-products were also quantified with HPLC. The acidic 
end-products and reactive oxygen species (ROS) generated by glucose metabolism 
were also measured. 

Results 
Normal cells cultured in normoxia showed a lower metabolic activity in hypoxic than 
normoxic conditions (0.54-0.63 times, p<0.05), while cancer cells cultured in hypoxia 
showed a higher metabolic activity in normoxic than hypoxic conditions (2.02-4.79 
times, p<0.05). There were no significant differences between normoxic and hypoxic 
metabolic activity of normoxia-cultured cancer cells or hypoxia-cultured normal cells. 
The cancer cells cultured in hypoxia produced lactic acid in hypoxic conditions; 
however, they did not increase the lactic acid production in normoxic conditions, 
irrespective of their high metabolic activity. ROS production was higher in normoxic 
conditions in all cells, especially the hypoxically cultured HSC-3 cells. 

Conclusions 
Rapid increases in oxygen levels might enhance the glucose metabolism of hypoxically 
cultured cancer cells by mainly activating the TCA cycle and electron transport system. 
The activation of the TCA cycle and the electron transport system might increase the 
ATP and ROS supply in cancer cells through the oxidative phosphorylation. 

CV 
2020 Graduate Division of Advanced Prosthetic Dentistry, Tohoku 

University Graduate School of Dentistry 
2020-present Staff of Dental Implant Center, Tohoku University Hospital 

Research interest 
Glucose metabolism of oral cancer cells, Education of Intraoral Scanner. 
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Treatment with hydrogen peroxide photolysis inhibits tooth demineralization 
caused by Streptococcus mutans biofilm. 

Midori Shiratoa,b, Keisuke Nakamuraa, Taichi Tenkumoa, Yoshimi Niwanoc, Taro Kannoa, 

Keiichi Sasakia, Peter Lingströmb, Ulf Örtengrenb

a Tohoku University, Japan, b University of Gothenburg, Sweden, c Shumei University, 

Japan 

Background: Antimicrobial technique utilizing hydroxyl radicals generated by hydrogen 

peroxide (H2O2) photolysis has been developed. The technique exerts strong bactericidal 

effect against not only planktonic bacteria but also Streptococcus mutans biofilm. Thus, 

it is expected that the technique can inhibit tooth demineralization by inactivation of S. 
mutans biofilm. Therefore, present study aimed to evaluate the effect of H2O2 photolysis 

on tooth demineralization caused by S. mutans using rat molars. 

Materials and methods: S. mutans biofilm formed on the rat molars was subjected to 

H2O2 photolysis treatment. The samples were immersed in 3% H2O2 and irradiated with 

a 365-nm LED for 90 s. Viable bacterial counts in the biofilm immediately and 30 h after 

treatment were evaluated by colony counting. The acidogenicity of the biofilm, re-

established 30 h after treatment, was assessed by pH measurement using a microelectrode. 

The tooth demineralization in both enamel and dentin induced by an additional 3-day 

incubation after treatment was analyzed using micro-CT. 

Results and conclusion: H2O2 photolysis treatment reduced viable bacteria in the biofilm 

by over 4-log CFU/sample. Besides, the acidogenicity of the biofilm re-established after 

H2O2 photolysis treatment was less pronounced than that of the control biofilm treated 

with water without LED irradiation. Regarding tooth demineralization especially in 

dentin, H2O2 photolysis group showed lower depth of radiolucent layer in the micro-CT 

image than the control group. These findings suggest that H2O2 photolysis can inactivate 

cariogenic biofilms and exert anti-demineralization effects. Therefore, H2O2 photolysis 

may be applicable into dental caries treatment. (246 words) 

Midori Shirato DDS, PhD 

Assistant professor at Tohoku University Graduate School of Dentistry, 
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Bifacial aspects of ethanol: antibacterial effect and carcinogenic effect by 
metabolism to acetaldehyde depend on ethanol concentration 
 

Ryo Tagaino1,2,3,4, Jumpei Washio1, Keiichi Sasaki2 and Nobuhiro Takahashi1 

1 Division of Oral Ecology and Biochemistry, Tohoku University Graduate 

School of Dentistry 

2 Division of Advanced Prosthetic Dentistry, Tohoku University Graduate 

School of Dentistry 

3 Maxillofacial Prosthetics Clinic, Tohoku University Hospital 

4 Perioperative Oral Care Support Center, Tohoku University Hospital 
 

Abstract 

Introduction: Alcohol consumption and poor oral hygiene are considered as risk factors 

for oral cancer. The reason is thought to be that the acetaldehyde produced from ethanol 

by oral bacteria is carcinogenic. Previous studies reported that the indigenous oral 

bacteria, such as Streptococcus and Neisseria species, produced acetaldehyde from 10 

mM ethanol. However, the oral environment always fluctuates greatly and affects 

bacterial metabolisms. Thus, we have already elucidated the effects of the environmental 

factors on bacterial acetaldehyde production. Streptococcus and Neisseria species 

efficiently produced acetaldehyde from ethanol at neutral to slightly alkaline pH under 

aerobic conditions. Meanwhile, it is well known that ethanol has bactericidal effect. 

However, it was unknown that the boundary between these two effects, antibacterial and 

carcinogenic effects. Therefore, we tried to clarify the relationship between these two 

effects at the wide range of ethanol concentrations. 

Materials and Methods: We used 5 Streptococcus species and evaluated bacterial 

acetaldehyde production, growth, and survival abilities under a wide range of ethanol 

concentrations.  

Results: Under high concentrations of ethanol (5,000 to 10,000 mM ≒ 25 to 50%), 

these bacteria were not viable but continued to produce small amounts of acetaldehyde. 

On the other hand, moderate concentrations (1,000 to 2,000 mM. ≒ 5 to 10%), expected 

during drinking alcohol in the oral cavity, inhibited bacterial growth but did not kill these 

bacteria, and a large amount of acetaldehyde was produced. The boundary between 

bactericidal and carcinogenic effects was overlapped. 

Discussion: Our results suggest that usual drinking of alcohols for a long time leads to 

the high acetaldehyde production by oral bacteria, since oral bacteria can produced 

acetaldehyde from ethanol at a wide range of concentration. At a high concentration of 

ethanol, bacteriostatic and bactericidal effects can be expected, but it should be noted that 

acetaldehyde is continuously produced from ethanol.  
 

Research interest: oral bacteria, metabolism, carcinogenicity, acetaldehyde
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Asiaticoside stimulates osteogenic differentiation of hPDL 

through Wnt pathway 

Piyamas Sumrejkanchanakij,1,2 Atika Resti Fitri,1 Supakarn Chamni 3, Prasit Pavasant,1,2 
1Mineralized Tissue Research Unit, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand 
2Department of Anatomy, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand 
3Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences,  
Chulalongkorn�University, Bangkok, Thailand 

Asiaticoside is an active compound isolated from Herb Centella asiatica (L.) Urban, which 
has been shown to induce osteogenic differentiation in human periodontal ligament (hPDL) cells. 
The aim of this study was to investigate the mechanism involved in asiaticoside-induced 
osteogenic differentiation. hPDL cells were treated with asiaticoside and cell viability was tested 
by MTT assay. The mRNA expression levels were analyzed by using real-time PCR. hPDL cells 
were cultured in osteogenic medium and ALP enzymatic activity was determined by ALP assay, 
whereas alizarin red staining was performed to investigate mineralized nodule formation. The ȕ-
catenin localization in nucleus was demonstrated by both immunocytochemistry and nuclear 
fractionation. Data were analyzed using one-way analysis of variance (ANOVA) with p < 0.05 
considered as a statistically significant difference. The results showed that asiaticoside had no 
effect on the cell viability at any of the tested concentrations. Real-time PCR revealed that osterix 
(OSX) and dentin matrix protein1 (DMP1) mRNA were significantly enhanced by asiaticoside 
treatment. Alkaline phosphatase activity and in vitro mineralization were also significantly 
induced. Interestingly, asiaticoside dose-dependently increased WNT3A mRNA expression, but 
not WNT5A and WNT10B. The activation of Wnt signaling was shown to result in nuclear 
DFFXPXODWLRQ�RI�ȕ-catenin as evaluated by immunofluorescence staining and western blot analysis. 
Pre-treatment with recombinant human Dickkopf1 (rhDKK1) inhibited asiaticoside-LQGXFHG�ȕ-
catenin nuclear translocation and osteoblast marker gene expression. Moreover, rhDKK1 
attenuated asiaticoside-induced DMP1 protein expression. These data demonstrate that 
asiaticoside induces osteogenic differentiation of hPDL cells by activating the Wnt/ȕ-catenin 
signaling pathway and suggest asiaticoside as a novel therapeutic agent for periodontal 
regeneration. 
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D-galactose induced aging aggravates bone dyshomeostasis in obesity

Napatsorn Imerb1,2,3, Chanisa Thonusin1,2,4, Wasana Pratchayasakul1,2,4, Busarin Arunsak1,2, 
Wichwara Nawara1,2, Ratchaneevan Aeimlapa5,6, Narattaphol Charoenphandhu5-8, Nipon 
Chattipakorn1,2,4, Siriporn C Chattipakorn1,2,9 

1Neurophysiology Unit, Cardiac Electrophysiology Research and Training Center, Faculty of 
Medicine, Chiang Mai University; 2Center of Excellence in Cardiac Electrophysiology, 
Faculty of Medicine,� Chiang Mai University; 3Department of Oral Surgery, Faculty of 
Dentistry, Chiang Mai University; 4Department of Physiology, Faculty of Medicine, Chiang 
Mai University; 5Department of Physiology, Faculty of Science, Mahidol University, Bangkok, 
10400, Thailand; 6Center of Calcium and Bone Research (COCAB), Faculty of Science, 
Mahidol University, Bangkok, 10400, Thailand; 7Institute of Molecular Biosciences, Mahidol 
University, Nakhon Pathom, 73170, Thailand; 8The Academy of Science, The Royal Society 
of Thailand, Bangkok, Thailand. 9Department of Oral Biology and Diagnostic Sciences, 
Faculty of Dentistry, Chiang Mai�University 

Background: Obesity and aging independently exert undesirable effects on the bone, leading 
to accelerated bone loss.  However, the effects of combined obesity and aging (adipaging) on 
bone homeostasis remain controversial.  
Objective: To compare the effect of obesity, aging, and adipaging on bone homeostasis. 
Methods: Six-week-old male Wistar rats were fed with either a normal diet (ND; n=12) or a 
high-fat diet (HFD; n=12)�for 16 weeks.  At the end of week 12, the rats were subcutaneously 
injected with either vehicle (NDV and HFV) or 150 mg/kg/day of D-galactose to induce aging 
(NDD and HFDD) for an additional 4 weeks (n=6/group).  At the end of treatment, blood was 
collected to measure metabolic parameters, age-, oxidative stress-, and bone turnover-related 
markers. The femora and tibiae were also obtained to evaluate the oxidative stress level and 
trabecular bone parameters, respectively. 
Results: Compared to the NDV control, NDD, HFV, and HFDD groups exhibited higher serum 
MDA level, lower bone volume per tissue volume (BV/TV), and lower trabecular number 
(Tb.N).  Interestingly, a reduction in serum sRAGE level and trabecular thickness (Tb.Th), as 
well as an increase in serum telomerase level, CTX-1 level, and trabecular separation (Tb.Sp) 
were revealed only in the HFDD group, when compared with those of the NDV control.  
Conclusion: D-galactose induced aging aggravates systemic oxidative stress and bone 
dyshomeostasis in the obese condition.  Therefore, early interventions to alleviate adipaging-
induced bone dyshomeostasis is highly suggested to decrease the risk of fracture among the 
elderly. 
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Faculty of Dentistry, Chiang Mai University, Thailand. 2013-2015: Master of Science (M.Sc), 
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Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Chiang Mai University, 
Thailand. 2019-today: PhD. Candidate in Oral Sciences, Faculty of Dentistry, Chiang Mai 
University, Thailand  
Area of Research Interests: Bone Remodeling, Aging, Obesity, Metabolic Bone Diseases 
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Abstract	

 Orthodontic tooth movement occurs by the bone remodeling process through 
compressive force on the pressure site and also increases cellular activity. Osteoclasts 
play an important role in this process. However, there are few studies that compare 
continuous compressive stress and released force on osteoclastogenesis. In this study, 
the compressive force (0.6 g/cm2) was applied by the acrylic mass to osteoclast 
precursor cells to investigate their osteoclastogenesis. RAW 264.7 cells were divided 
into five groups and cultured for four days in an alpha-MEM medium containing 50 ng 
of RANKL. The Acrylic mass was taken out of the 96 well plates in one group every 
day in the released forced group (days 1, 2, and 3 respectively) and continued cultured 
until day 4. On day 4, each group was examined for the number of TRAP-positive 
multinucleated cells by TRAP staining and counted using a Zeiss fluorescence 
microscope (Carl Zeiss, Oberkochen, Germany) equipped with a 10X objective by two 
individuals. The results of this study showed that the continuous compressive force 
increased the number of TRAP-positive cells with a time-dependent. The released force 
group before day 4 showed a lower number of TRAP-positive multinucleated cells. 
 

 

 

 

 

 

 

 

Figure 1. The acrylic cylinder body is 
made of laser-cut acrylic to fit a 96 well 
plate. 

Figure 2. The greater number of TRAP-
positive MNCs (≥ 3 nuclei). Data are 
representative of three independent 
experiments. All values are shown as 
mean ± SD. Significant differences 
between groups are indicated by 
different letters (a, b and c; P < .05). 

Figure3. The red arrows indicate TRAP-positive MNCs. 

Continuous versus released compressive force on 
osteoclastogenesis of RAW 264.7 cells 
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 Title: Comparison of matrisome between jawbone and tibia osteoblasts 
Author: ALBA NATALIA GARCIA LIMON 

SUMMARY  

Context: Local site-specific differences between bones from different anatomical regions may 
account for their different properties and functions. Objectives: To identify mechanisms behind 
these differences, we have performed a cross-study comparing RNA transcriptomes of mandible 
and tibia osteoblasts (OBs) from mouse bones focusing on genes encoding extracellular matrix 
(ECM) proteins. Methods: Gene expression profiles were obtained from OBs isolated from 
mandible and tibia of P9 Col1a1*2.3-GFP mice using RNAseq sequencing technique. The 
transcripts were excluded from analysis if gene expression level was < 1. The transcripts within 
these groups were overexpressed if p≤0.05 and fold change (FC) ≥1.4 in mandible OB or tibia OB. 
Relative gene expression was checked on raw-bone mouse tissues using quantitative polymerase 
chain reactions (qPCR). Results: Bioinformatic analysis identified key genes overexpressed in 
mandible OBs (Amelx, Ambn, Rspo4, Mmp20, Dspp) and in tibia OBs (Nov, Bcan, Prg4, Rspo3). 
Conclusion: Our findings support significant differences in expression of genes encoding ECM 
proteins in mandible and tibia OBs. It strongly suggests functional differences in formation, 
resorption, and mechanical properties of these bones and may help us to understand the unique 
pathophysiology of jawbones  

Mesh key words: osteoblasts, Transcriptome Analysis, Extracellular Matrix, cell signature, 
jawbone.  
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Osteopontin induces osteogenic differentiation by human periodontal 
ligament cells via calcium binding domain-ALK-1 interaction 
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Abstract 

Recently we have generated recombinant human osteopontin (rhOPN) using a plant 
platform (Nicotiana benthamiana) and demonstrated its osteogenic induction capacity 
when coated on culture plate by human periodontal ligament (PDL) cells. The aim of this 
study is to elucidate the molecular mechanism underlying the rhOPN-induced osteogenic 
differentiation of human PDL cells. Full length rhOPN (FL-OPN) and three constructs of 
OPN containing integrin binding domain (N142), calcium binding domain (C122) and 
mutated calcium-binding domain (C122d) were generated from N. benthamiana. Human 
PDL cells were isolated from extracted third molars and cultured on FL-OPN, N142 or 
C122-coated surface. Real-time PCR and Western blot analyses were used to determine 
mRNA and protein expression. In vitro calcification was determined by Alizarin red 
staining. Chemical inhibitors were used to elucidate signaling pathways. In silico analyses 
were performed to predict the protein-protein interaction. Human PDL cells seeded on 
FL-OPN and C122-coated surface significantly increased of both mRNA and protein 
expression of osterix (OSX) and enhanced in vitro calcification. Soluble FL-OPN as well 
as a surface coated with N142 did not affect OSX expression. Inhibition of activin 
receptor-like kinase (ALK-1) abolished the induction of osterix expression. In silico 
analysis suggested a possible interaction between calcium binding domain (CaBD) of 
OPN and ALK-1 receptor. C122, but not C122d coated surfaces induced the expression 
of p-Smad-1 and this induction was inhibited by an ALK-1 inhibitor. The results 
suggested that next to full length OPN, the CaBD of OPN if coated to a surface, induces 
osteogenic differentiation. This suggested for the first time that CaBD of OPN could play 
a role in osteogenic differentiation via interaction with ALK-1 receptor.  
 

Keywords: osteopontin, calcium binding domain, ALK-1, osteogenesis, periodontal 
ligament cells 
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(IIHFW�RI�3URDQWKRF\DQLGLQ�$&3�1DQRSDUWLFOHV�RQ�3URPRWLQJ�
%LRPLPHWLF�5HPLQHUDOL]DWLRQ�RI�'HQWLQ 

7LQJ�+H��4LDQ�5HQ��6LOL�+DQ��/RQJMLDQJ�'LQJ��=KRQJFKHQJ�/L��'LH�+X��/LQJOLQ�=KDQJ 

6WDWH�.H\�/DERUDWRU\�RI�2UDO�'LVHDVHV��1DWLRQDO�&OLQLFDO�5HVHDUFK�&HQWUH�IRU�2UDO�
'LVHDVHV��'HSDUWPHQW�RI�&DULRORJ\�DQG�(QGRGRQWLFV��:HVW�&KLQD�+RVSLWDO�RI�

6WRPDWRORJ\��6LFKXDQ�8QLYHUVLW\��&KHQJGX��&KLQD 

2EMHFWLYHV�� 7KH� DLP� RI� WKLV� VWXG\� ZDV� WR� V\QWKHVL]H� SURDQWKRF\DQLGLQ�DPRUSKRXV�
FDOFLXP� SKRVSKDWH� �3$�$&3�� QDQRSDUWLFOHV� DQG� LQYHVWLJDWH� WKHLU� HIIHFW� RQ� SURPRWLQJ�
GHQWLQ�UHPLQHUDOL]DWLRQ�DQG� LQKLELWLQJ�FROODJHQ�GHJUDGDWLRQ�� LQ�RUGHU� WR�SURYLGH�D�QHZ�
SHUVSHFWLYH�IRU�ELRPLPHWLF�GHQWLQ�UHSDLULQJ��  

0HWKRGV��3$�$&3�QDQRSDUWLFOHV�DQG�1�$&3�QDQRSDUWLFOHV�IUHH�RI�3$�ZHUH�V\QWKHVL]HG�
E\� WKH� WHPSODWH�PHWKRG��5HFRQVWLWXWHG� W\SH�,�FROODJHQ�ILEULOV�ZHUH�PLQHUDOL]HG� LQ�3$�
$&3� RU� 1�$&3� VROXWLRQ� IRU� ��� �� DQG� �� GD\V� DQG� REVHUYHG� E\� WUDQVPLVVLRQ� HOHFWURQ�
PLFURVFRS\��$IWHU� WUHDWHG� E\� 3$�$&3� RU�1�$&3�� WKH� GHQWLQ� GLVNV�ZHUH� H[DPLQHG� E\�
VFDQQLQJ� HOHFWURQ� PLFURVFRS\�� DWWHQXDWHG� WRWDO� UHIOHFWLRQ�)RXULHU� WUDQVIRUP� LQIUDUHG�
VSHFWUXP� DQG� ;�UD\� GLIIUDFWLRQ� WR� PHDVXUH� WKH� FKHPLFDO� DQG� PRUSKRORJLFDO� FKDQJHV�
GXULQJ� UHPLQHUDOL]DWLRQ�� 7R� HYDOXDWH� WKH� FROODJHQDVH� DFWLYLW\�� ]\PRJUDSK\� RI� WKH�
GHPLQHUDOL]HG�GHQWLQ�PDWUL[�DIWHU�GLIIHUHQW�WUHDWPHQW�ZDV�FRQGXFWHG�XVLQJ�DQ�(Q]&KHN�
FROODJHQDVH�JHODWLQDVH�NLW� 

5HVXOWV��&ROODJHQ�ILEULOV�ZHUH�SDUWLDOO\�PLQHUDOL]HG�DIWHU���GD\V�LQ�1�$&3�JURXS��ZKLOH�
LQ�3$�$&3�JURXS�� FROODJHQ� ILEULOV�ZHUH� SDUWLDOO\�PLQHUDOL]HG� DIWHU� �� GD\V� DQG� DOPRVW�
FRPSOHWHO\�PLQHUDOL]HG�DIWHU���GD\V��'HQWLQ�VDPSOHV�LQ�1�$&3�JURXS�DQG�3$�$&3�JURXS�
ZHUH�REYLRXVO\�UHPLQHUDOL]HG�DIWHU���GD\V��EXW�3$�$&3�DOVR�LQGXFHG�WKH�GHQWLQ�WXEXOHV�
RFFOXVLRQ��$IWHU�WUHDWHG�ZLWK�3$�$&3��WKH�HQ]\PH�DFWLYLW\�RI�WKH�GHPLQHUDOL]HG�GHQWLQ�
PDWUL[�GHFUHDVHG�E\�a����FRPSDUHG�WR�WKDW�RI�1�$&3�JURXS��3��������� 

&RQFOXVLRQV�� 3$�$&3� QDQRSDUWLFOHV� FRXOG� HIIHFWLYHO\� LQGXFH� ELRPLPHWLF�
UHPLQHUDOL]DWLRQ� RI� GHPLQHUDOL]HG� GHQWLQ�� DFFHOHUDWH� WKH� UHPLQHUDOL]DWLRQ� SURFHVV� DQG�
LQKLELW�WKH�FROODJHQDVH�DFWLYLW\��LQGLFDWLQJ�WKHLU�SRWHQWLDO�DSSOLFDWLRQ�LQ�ELRPLPHWLF�UHSDLU�
RI�GHQWLQ� 
 
 

7LQJ�+H����������0�0��FDQGLGDWH��:HVW�&KLQD�6FKRRO�RI�6WRPDWRORJ\��
6LFKXDQ�8QLYHUVLW\��&KHQJGX��&KLQD� 
6XSHUYLVRU��3URI��/LQJOLQ�=KDQJ��3K�'���0�'���'�'�6� 
(�PDLO��KHWLQJB����#����FRP 
5HVHDUFK�LQWHUHVW��ELRPLPHWLF�PLQHUDOL]DWLRQ�RI�GHQWDO�KDUG�WLVVXH� 
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Loss of IκBζ accelerates dentin formation and matrix gene expression 
Hang Yuan 1, Shigeki Suzuki 1, *, Hitoshi Terui 2, Eiji Nemoto 1, Kenshi Yamasaki 2, 

Masahiro Saito 4, Setsuya Aiba 2, and Satoru Yamada 1  
1 Department of Periodontology and Endodontology, Tohoku University Graduate School 
of Dentistry 
2 Department of Dermatology, Tohoku University Graduate School of Medicine  
3 Department of Restorative Dentistry, Tohoku University Graduate School of Dentistry  
Abstract: 
Epigenic modification, especially the histone modification is positively associated with 
hard tissue formation by regulating matrix synthesis and osteo/odontogenic 
differentiation. However, the key endogenous epigenetic modulator of odontoblasts to 
regulate the expression of genes coding dentin extracellular matrix (ECM) proteins has 
not been identified. We focused on NF-�B inhibitor ζ (IκBζ) which was recently regarded 
as the NF-κB-independent epigenetic modulator. We found that thicker dentin width and 
more aggressive dentin formation was been observed in IκBζ null mice. Mechanistically, 
we found that whole-genome identification of H3K4me3 enrichment, ECM and ECM 
organization-related gene loci were selectively activated by the knockdown of IκBζ, 
which consistently resulted in the up-regulation of these genes. Collectively, this study 
suggested that IκBζ is the key negative regulator of dentin formation in odontoblasts by 
inhibiting dentin ECM- and ECM organization-related gene expression through altering 
the local chromatin status marked by H3K4me3. Therefore, IκBζ is a potential target for 
epigenetically improving the clinical outcomes of dentin regeneration therapies such as 
pulp capping. 
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Orofacial bone remodeling and regeneration of hypoparathyroidism 
Ping Lyu1, Peiran Li1, Ruiye Bi1, Xuedong Zhou1, Yi Fan1 

1State Key Laboratory of Oral Diseases, West China Hospital of Stomatology, National Clinical 
Research Center for Oral Diseases, Sichuan University, Chengdu, China 

Hypoparathyroidism (HypoPT) is a rare endocrine disorder characterized by 
hypocalcemia and low or undetectable levels of parathyroid hormone (PTH). The clinical 
symptoms of HypoPT patients include perioral numbness, muscle cramps, paresthesia 
et.al. These symptoms are mainly due to hypocalcemia since PTH functions as a key 
mediator in mineral ion homeostasis and  skeleton remodeling. The skeletal dynamics of 
HypoPT patients are reported to be affected. As a crucial part of the skeletal system, 
orofacial bone harbours distinct developmental origin and osteogenic pattern. However, 
the remodeling and regeneration of orofacial bone under HypoPT condition remains 
unkown. 

In the current study, we applied bilateral parathyroidectomy (PTX) and unilateral 
extraction of maximal first molar to 8 weeks SD rats to establish four surgery groups, 
including sham group, PTX group, sham + extraction group and PTX + extraction group. 
ELISA assay showed significantly reduced serum calcium, increased serum phosphate 
and undetectable PTH levels in PTX group. MicroCT analysis revealed that the alveolar 
bone volume of PTX group statistically increased at 7, 14, 28 days post-surgery. 
Immunostaining suggested that PTX caused downregulation of osteogenesis and 
osteoclastogenesis in the alveolar bone. PTX resulted in attenuated regeneration of 
extraction socket, accompanied by lower Runx2+ osteoblasts and TRAP+ osteoclasts. 
RNAseq analysis demonstrated that PTX led to downregulation of osteogenesis related 
genes in the regeneration process.  

In summary, our study successfully generated HypoPT rat model and found that HypoPT 
suppressed bone remodeling, ultimately led to higher alveolar bone volume under 
physiological condition. Yet, HypoPT resulted in impeded bone turnover, which delayed 
the repair and regeneration of the extraction socket. These results provide fundamental 
basis for diagnosis and treatment of orofacial bone defects related diseases in HypoPT 
patients.  
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6PDUW SRURXV VFDIIROG SURPRWHV SHUL�LPSODQW RVWHRJHQHVLV XQGHU WKH

SHULRVWHXP
=H +H� <DR /LX� <XH 6XQ� (Q /XR

2EMHFWLYH˖$GHTXDWH SHUL�LPSODQW ERQH PDVV DQG ERQH TXDOLW\ DUH HVVHQWLDO IDFWRUV WR
HQVXUH WKH LQLWLDO VWDELOLW\ RI WKH LPSODQW DQG VXFFHVV RI LPSODQW RSHUDWLRQ� ,Q FOLQLFDO
VHWWLQJV� WKH ODFN RI ERQH PDVV RIWHQ UHVWULFWV WKH LPSODQW RSHUDWLRQ� ,Q WKLV VWXG\� ZH
IDEULFDWHG D VPDUW SRURXV VFDIIROG ZLWK D VKDSH PHPRU\ IXQFWLRQ DQG LQYHVWLJDWHG
ZKHWKHU LW FRXOG SURPRWH SHUL�LPSODQW RVWHRJHQHVLV XQGHU WKH SHULRVWHXP�
0DWHULDOV DQG 0HWKRGV ˖ $ SRURXV VKDSH PHPRU\ SRO\PHU �603� VFDIIROG ZDV
IDEULFDWHG DQG LWV VKDSH PHPRU\ IXQFWLRQ� PHFKDQLFDO SURSHUWLHV� DQG GHJUDGDWLRQ UDWH
ZHUH WHVWHG LQ YLWUR� 0RUHRYHU� WKH VFDIIROG ZDV LPSODQWHG LQ WKH PDQGLEOH RI UDEELWV
WR HYDOXDWH LWV HIILFDF\ WR SURPRWH SHUL�LPSODQW RVWHRJHQHVLV LQ WKH SHULRVWHXP DQG
HQKDQFH WKH LQLWLDO VWDELOLW\ RI WKH LPSODQW� +LVWRORJLFDO� PLFUR�&7� DQG ELRPHFKDQLFDO
DQDO\VHV ZHUH FDUULHG RXW IRU IXUWKHU YHULILFDWLRQ�
5HVXOWV 7̟KH 603 VFDIIROG KDV D JRRG VKDSH PHPRU\ IXQFWLRQ DQG ELRFRPSDWLELOLW\ LQ
YLWUR� ,Q YLYR H[SHULPHQWV GHPRQVWUDWHG WKDW WKH 603 VFDIIROG FRXOG UHFRYHU WR LWV
RULJLQDO VKDSH DIWHU LPSODQWDWLRQ WR FUHDWH D VPDOO JDS LQ WKH SHULRVWHXP� $IWHU ��
ZHHNV� WKH VFDIIROG ZDV JUDGXDOO\ UHSODFHG E\ D QHZO\ IRUPHG ERQH� DQG WKH VWDELOLW\
RI WKH LPSODQW LQFUHDVHG ZKHQ LW LPSODQWHG ZLWK WKH VFDIIROG�
&RQFOXVLRQV˖ 7KH SUHVHQW VWXG\ LQGLFDWHV WKDW WKH 603 VFDIIROGV KDYH D JRRG VKDSH
PHPRU\ IXQFWLRQ DQG FRXOG HQKDQFH SHUL�LPSODQW ERQH IRUPDWLRQ XQGHU WKH
SHULRVWHXP� 7KH 603 VFDIIROG SURYLGHV D FOLQLFDO SRWHQWLDO FDQGLGDWH IRU ERQH WLVVXH
HQJLQHHULQJ XQGHU WKH SHULRVWHXP�

=H +H� ''6� 0'� 6WDWH .H\ /DERUDWRU\ RI 2UDO 'LVHDVHV 	 1DWLRQDO
&OLQLFDO 5HVHDUFK &HQWHU IRU 2UDO 'LVHDVHV 'HSW� RI 2UDO DQG
0D[LOORIDFLDO 6XUJHU\� :HVW &KLQD +RVSLWDO RI 6WRPDWRORJ\� 6LFKXDQ
8QLYHUVLW\� &KHQJGX� ������� 3�5� &KLQD�

5HVHDUFK LQWHUHVW�:H H[DPLQHG WKH HIILFLHQF\ RI WKH VPDUW SRURXV VFDIIROG WR IDFLOLWDWH
RVWHRJHQHVLV SHUL�LPSODQW XQGHU WKH SHULRVWHXP� 7KH FKDUDFWHULVWLFV RI VPDUW SRURXV
VFDIIROG KDYH EHHQ LQYHVWLJDWHG LQ VRPH VWXGLHV� EXW WKH DSSOLFDWLRQ RI WKH VFDIIROG DV
ERQH LQFUHPHQW WHFKQRORJ\ LQ LPSODQWDWLRQ KDV QRW EHHQ VHHQ� 7KH VWXG\ LQGLFDWHG
WKDW WKH VFDIIROG KDYH JRRG VKDSH PHPRU\ IXQFWLRQ DQG FRXOG SURPRWH ERQH
IRUPDWLRQ SHUL�LPSODQW XQGHU WKH SHULRVWHXP� 2XU ILQGLQJV UHYHDOHG WKH VFDIIROG KDV
JUHDW DSSOLHG SRWHQWLDO LQ VROYLQJ WKH SUREOHP RI LPSODQWDWLRQ ZLWKRXW HQRXJK EDVDO
ERQH YROXPH�
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<HV�DVVRFLDWHG�SURWHLQ�SURPRWHV�ERQH�KHDOLQJ 

DIWHU�WRRWK�H[WUDFWLRQ�LQ�PLFH 
  
$87+256 
=KLZHL�&DR���+DLWDR�6KL���/LUX�+X���.XQ�=KDQJ���;LDRKXL�=KDQJ����-LDQ�3DQ�� 
 

=KLZHL� &DR�� 0DVWHU� VWXGHQW� RI� 2UDO� DQG� 0D[LOORIDFLDO� 6XUJHU\�� :HVW�
&KLQD�+RVSLWDO�RI�6WRPDWRORJ\��6LFKXDQ�8QLYHUVLW\��&KHQJGX��&KLQD� 
&RUUHVSRQGLQJ�DXWKRU��;LDRKXL�=KDQJ��'�'�6��0�'��'HSW��RI�2UDO�6XUJHU\��
:HVW�&KLQD�+RVSLWDO�RI�6WRPDWRORJ\��6LFKXDQ�8QLYHUVLW\��&KHQJGX��&KLQD� 
-LDQ� 3DQ�� '�'�6�� 0�'� 3URIHVVRU�� 'HSW�� RI� 2UDO� 6XUJHU\�� :HVW� &KLQD�
+RVSLWDO�RI�6WRPDWRORJ\��6LFKXDQ�8QLYHUVLW\��&KHQJGX��&KLQD� 

 
5(6($5&+�,17(5(67 
3RRU�KHDOLQJ�RI�WRRWK�H[WUDFWLRQ�ZRXQGV�LV�D�FRPPRQ�FOLQLFDO�SUREOHP��EXW�LWV�PHFKDQLVP�
LV� QRW� FRPSOHWHO\� FOHDU��2XU� UHVHDUFK�PD\� VXJJHVW� WKH�PHFKDQLVP� RI� WRRWK� H[WUDFWLRQ�
ZRXQG�KHDOLQJ�IURP�DQRWKHU�YLHZ��DQG�SURYLGH�VRPH�LGHDV�IRU�IXWXUH�FOLQLFDO�DQG�GUXJ�
UHVHDUFK�VWXGLHV� 
 
$%675$&7 
,Q�WKLV�VWXG\��D�WRRWK�H[WUDFWLRQ�VRFNHW�PRGHO�ZDV�HVWDEOLVKHG�LQ�YLYR��DQG�/Y�<$3��*)3��
/9�*)3�RU�VDOLQH�ZDV�LQMHFWHG�ORFDOO\�LQWR�WKH�H[WUDFWLRQ�VRFNHW��([SUHVVLRQ�RI�PDUNHUV�
RI�RVWHRJHQHVLV��RVWHRFODVWRJHQHVLV��DGLSRJHQHVLV��SUROLIHUDWLRQ�DQG�DSRSWRVLV�ZHUH�WHVWHG�
WR�H[SORUHG�ZKHWKHU�<$3�FDQ�SURPRWH�ERQH�IRUPDWLRQ�LQ�WKH�SURFHVV�RI�WRRWK�H[WUDFWLRQ�
VRFNHW�KHDOLQJ��,Q�WKLV�VWXG\�����%$/%�F�PLFH�ZHUH�GLYLGHG�LQWR���JURXSV�DQG�XQGHUZHQW�
OHIW�PD[LOODU\�ILUVW�PRODU�H[WUDFWLRQ��/Y�<$3��*)3��/Y�*)3�RU�VDOLQH�ZDV�LQMHFWHG�LQWR�
WKH�WRRWK�H[WUDFWLRQ�VRFNHW��7KH�PD[LOOD�ZDV�KDUYHVWHG����������DQG����GD\V�DIWHU�RSHUDWLRQ�
IRU�VXEVHTXHQW�DQDO\VLV�E\�0LFUR�&7�DQG� LPPXQRKLVWRFKHPLFDO�DQDO\VLV��4XDQWLWDWLYH�
DQDO\VLV�RI�WKH�H[SUHVVLRQ�RI�75$3��$/3��%03���5XQ[���2VWHUL[��2&1��5$1./��33$5Ȗ��
DQG�3&1$�ZDV�FRQGXFWHG��7KH�UHVXOWV�RI�LPPXQRIOXRUHVFHQFH�VKRZHG�WKDW�WKH�OHQWLYLUXV�
ZDV�VXFFHVVIXOO\�WUDQVIHFWHG�LQWR�WKH�H[WUDFWLRQ�VRFNHW��2Q�WKH�PLGGOH�DQG�ODVW�VWDJH�RI�
WRRWK�H[WUDFWLRQ�KHDOLQJ��UHVXOWV�RI�0LFUR�&7�VKRZHG�WKDW�WKH�%9�79��7E�7K�DQG�7E�1�
ZHUH� VLJQLILFDQWO\� KLJKHU� LQ� WKH� H[SHULPHQWDO� JURXS�� UHVXOWV� RI� LPPXQRKLVWRFKHPLVWU\�
VKRZHG� WKDW� WKH� RYHUH[SUHVVLRQ� RI� <$3� LQFUHDVH� LQ� WKH� H[SUHVVLRQ� RI� %03���$/3��
581;��� 2VWHUL[�� 2&1�� DQG� 3&1$��7KH� H[SUHVVLRQ� RI� 33$5Ȗ� DQG�781(/� VWDLQLQJ�
UHVXOWV�ZHUH�VLJQLILFDQWO\�ORZHU�LQ�WKH�H[SHULPHQWDO�JURXS��7KH�H[SUHVVLRQ�RI�75$3�DQG�
5$1./�VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFHV�DPRQJ�WKH���JURXSV��:H�FRQFOXGH�WKDW�<$3�
FRXOG�SURPRWH�ERQH�IRUPDWLRQ�LQ�WKH�PLGGOH�DQG�ODWH�VWDJHV�RI�WRRWK�H[WUDFWLRQ�VRFNHW�
KHDOLQJ�� 7KH� RYHUH[SUHVVLRQ� RI�<$3� LQFUHDVHG� ERQH� IRUPDWLRQ� DQG� FHOO� SUROLIHUDWLRQ��
GHFUHDVHG�DGLSRJHQLF�GLIIHUHQWLDWLRQ�DQG�DSRSWRVLV� 
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5(9�(5%V� QHJDWLYHO\� UHJXODWH� PLQHUDOL]DWLRQ� RI� WKH�

FHPHQWREODVWV 

/LDQJOLDQJ�)X漁��0LQ�:DQJ滿��+DLELQ�;LD 

 
2EMHFWLYH��7KH�UROH�RI�FLUFDGLDQ�FORFN�LQ�FHPHQWRJHQHVLV�LV�XQFOHDU��7KLV�VWXG\�H[DPLQHV�
WKH�UROH�RI�5(9�(5%V��RQH�RI�FLUFDGLDQ�FORFN�SURWHLQV�� LQ�SUROLIHUDWLRQ��PLJUDWLRQ�DQG�
PLQHUDOL]DWLRQ�RI�FHPHQWREODVWV�WR�ILOO�WKH�JDS�LQ�NQRZOHGJH� 
0HWKRGV��([SUHVVLRQ�SDWWHUQ�RI�5(9�(5%Į�LQ�FHPHQWREODVWV�ZDV�LQYHVWLJDWHG�LQ�YLYR�
DQG�LQ�YLWUR��&&.���DVVD\��VFUDWFK�ZRXQG�KHDOLQJ�DVVD\��DONDOLQH�SKRVSKDWDVH��$/3��DQG�
DOL]DULQ� UHG� 6� �$56�� VWDLQLQJ� ZHUH� SHUIRUPHG� WR� HYDOXDWH� WKH� HIIHFWV� RI� 5(9�(5%V�
DFWLYDWLRQ�E\�65�����RQ�SUROLIHUDWLRQ��PLJUDWLRQ�DQG�PLQHUDOL]DWLRQ�RI�2&&0�����DQ�
LPPRUWDOL]HG� FHPHQWREODVW� FHOO� OLQH�� )XUWKHUPRUH�� PLQHUDOL]DWLRQ� UHODWHG� PDUNHUV�
LQFOXGLQJ� RVWHUL[� �26;���$/3�� ERQH� VLDORSURWHLQ� �%63�� DQG� RVWHRFDOFLQ� �2&1�� ZHUH�
HYDOXDWHG� 
5HVXOWV��6WURQJ�H[SUHVVLRQ�RI�5(9�(5%Į�ZDV�IRXQG�LQ�FHOOXODU�FHPHQWXP�DURXQG�WRRWK�
DSH[�� 5HY�HUEĮ� P51$� RVFLOODWHG� SHULRGLFDOO\� LQ� 2&&0���� DQG� GHFOLQHG� DIWHU�
PLQHUDOL]DWLRQ� LQGXFWLRQ��5(9�(5%V� DFWLYDWLRQ� E\�65����� LQKLELWHG� SUROLIHUDWLRQ� EXW�
SURPRWHG�PLJUDWLRQ�RI�2&&0����LQ�YLWUR��5HVXOWV�RI�$/3�DQG�$56�VWDLQLQJ�VXJJHVWHG�
WKDW� 5(9�(5%V� DFWLYDWLRQ� QHJDWLYHO\� UHJXODWHG� PLQHUDOL]DWLRQ� RI� 2&&0�����
0HFKDQLFDOO\�� 5(9�(5%V� DFWLYDWLRQ� DWWHQXDWHG� WKH� H[SUHVVLRQ� RI� 26;� DQG� LWV�
GRZQVWUHDP�WDUJHWV�LQFOXGLQJ�$/3��%63�DQG�2&1� 
&RQFOXVLRQV�� 5(9�(5%V� DUH� LQYROYHG� LQ� FHPHQWRJHQHVLV� DQG� QHJDWLYHO\� UHJXODWH�
PLQHUDOL]DWLRQ� RI� FHPHQWREODVWV� YLD� LQKLELWLQJ�26;� H[SUHVVLRQ��2XU� VWXG\� SURYLGHV� D�
SRWHQWLDO�WDUJHW�UHJDUGLQJ�SHULRGRQWDO�DQG�FHPHQWXP�UHJHQHUDWLRQ� 
�  
6KRUW�&9 
���������� � %DFKHORU� � � � � � � � � =KHQJ]KRX�8QLYHUVLW\��&KLQD 
������ � � � � � 0DVWHU�&DQGLGDWH� � :XKDQ�8QLYHUVLW\��&KLQD� � � � � 6XSHUYLVRU��+DLELQ�;LD 
(PDLO��IXOLDQJOLDQJ#ZKX�HGX�FQ 
 
5HVHDUFK�,QWHUHVW 
3HULRGRQWDO�5HJHQHUDWLRQ�0DWHULDOV��2VWHR�LPPXQRPRGXODWLRQ��,PSODQW�'HQWLVWU\ 
 
3XEOLFDWLRQV 
)X�/���:DQJ�0��� =KX�*�� HW� DO�� 5(9�(5%V� QHJDWLYHO\� UHJXODWH�PLQHUDOL]DWLRQ� RI� WKH�
FHPHQWREODVWV�>SXEOLVKHG�RQOLQH@� %LRFKHP�%LRSK\V�5HV�&RPPXQ�����������������  
)X�/��/LX�*��HW�DO��3DWLHQW�UHSRUWHG�RXWFRPH�PHDVXUHV�RI�HGHQWXORXV�SDWLHQWV� UHVWRUHG�
ZLWK� VLQJOH�LPSODQW� PDQGLEXODU� RYHUGHQWXUHV�� $� V\VWHPDWLF� UHYLHZ� -� 2UDO� 5HKDELO��
������������������  

mailto:fuliangliang@whu.edu.cn
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0RGLILFDWLRQ RI FROODJHQ ZLWK SURDQWKRF\DQLGLQV E\ PLPLFNLQJ WKH

EULGJLQJ UROH RI JO\FRVDPLQRJO\FDQV IRU GHQWLQH UHPLQHUDOL]DWLRQ
<H =KDQJ� <DQ\XQ 3DQJ� 4LQJ /LX� ;X ]KDQJ� <LQJ /LX

*O\FRVDPLQRJO\FDQV �*$*V� IRUP EULGJLQJ FURVV�EDQGV WKDW PDLQWDLQ WKH VWUXFWXUDO
LQWHJULW\ RI FROODJHQ LQ WKH RUJDQLF PDWUL[ RI GHQWLQH� ,Q GHQWLQH FDULHV� SURWHRO\WLF
HQ]\PHV DSSHDUHG WR WULJJHU *$* EULGJH GHJUDGDWLRQ� IROORZHG E\ EUHDNGRZQ RI WKH
FROODJHQ QHWZRUN� LPSRVLQJ FULWLFDO OLPLWDWLRQV RQ GHQWLQH UHPLQHUDOL]DWLRQ YLD WKH
ELRPLPHWLF PLQHUDOL]DWLRQ RI FROODJHQ� :KLOH FRQWHPSRUDU\ PHFKDQLVPV RI FROODJHQ
PRGLILFDWLRQ WKURXJK LPPRELOL]LQJ IXQFWLRQDO JURXSV KDYH EHHQ HVWDEOLVKHG WR LPSURYH
FROODJHQ PLQHUDOL]DWLRQ� WKLV HIIRUW UHPDLQV D FKDOOHQJH GXH WR WKH ODFN RI FRQVLGHUDWLRQ
LQ SUHVHUYLQJ WKH VSDWLDO VWDELOLW\ RI FROODJHQ� ,Q RXU VWXG\� QDWXUDOO\ GHULYHG
SURDQWKRF\DQLGLQV �3$� ZDV DSSOLHG WR VLPXODWH WKH ELRDFWLYLWLHV RI *$*V� 'HWDLOHG
DQDO\VHV VKRZHG WKDW 3$ UHFRQVWUXFWHG LQWHUILEULOODU EULGJHV RI WKH FROODSVHG FROODJHQ
QHWZRUN DQG UHGXFHG WKH LQWHUIDFLDO HQHUJ\ EHWZHHQ WKH PLQHUDO�RUJDQLF SKDVHV WR
HQKDQFH FROODJHQ K\GURSKLOLFLW\� VXEVHTXHQWO\ IDFLOLWDWLQJ WKH LQILOWUDWLRQ RI FDOFLXP
SKRVSKDWH SUHFXUVRUV DQG KHQFH SURPRWLQJ FROODJHQ PLQHUDOL]DWLRQ� :LWK WKLV VWUDWHJ\�
WKH PHFKDQLFDO EHKDYLRXUV RI GHPLQHUDOL]HG GHQWLQH ZHUH VLJQLILFDQWO\ LPSURYHG LQ
YLWUR� 3$ H[KLELWHG VDWLVIDFWRU\ LQKLELWRU\ HIIHFWV RQ WKH DFWLYLW\ RI FDULRJHQLF EDFWHULD
�FRPSDUDEOH WR WKDW RI FKORUKH[LGLQH�� 0RUHRYHU� DQ H[ YLYR VWXG\ LQGLFDWHG WKDW
UHPLQHUDOL]DWLRQ DQG DQWLEDFWHULDO HIIHFWV ZHUH HYLGHQW LQ WKH UDW RUDO FDYLW\� 7KLV
VWUDWHJ\ KLJKOLJKWV WKH LPSRUWDQFH RI PDLQWDLQLQJ WKH VWUXFWXUDO LQWHJULW\ RI WKH FROODJHQ
QHWZRUN LQ GHQWLQH UHPLQHUDOL]DWLRQ DQG RIIHUV JUHDW FOLQLFDO SRWHQWLDO IRU WKH HIIHFWLYH
WUHDWPHQW RI GHQWLQH FDULHV�

6KRUW�&9

<H =KDQJ� 3K' RI +RVSLWDO RI 6WRPDWRORJ\� 7LDQMLQ 0HGLFDO

8QLYHUVLW\� $V WKH LQGHSHQGHQW ILUVW DXWKRU� , KDYH SXEOLVKHG RQH 6&, SDSHU ZLWK LPSDFW
IDFWRU RI ����� 7KH PDLQ UHVHDUFK LQWHUHVWV DUH ELRQDQRPDWHULDOV� RUDO ELRPDWHULDOV DQG
WLVVXH HQJLQHHULQJ�
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0RGLILFDWLRQ RI W\SH , FROODJHQ ZLWK 3(*\ODWHG O\VR]\PH �O\VR�3(*� WR

SURPRWH LQWHUILEULOODU PLQHUDOL]DWLRQ

<DQ\XQ 3DQJ� <LQJWDR *DR� 3HQJ <DQJ �;X =KDQJ

0LQHUDOL]HG FROODJHQ ILEULOV DUH WKH EDVLF XQLW RI ERQH� GHQWLQ DQG FHPHQWXP� 7KHUH
KDYH EHHQ PDQ\ VWXGLHV WKDW PLPLF WKH IXQFWLRQ RI QRQ�FROODJHQRXV SURWHLQV �1&3V� RI
ELRPLPHWLF PLQHUDOL]HG FROODJHQ ILEULOV DQG XVHG WR UHSDLU KDUG WLVVXH GHIHFWV�
IXUWKHUPRUH FODULI\ WKH XQGHUO\LQJ PHFKDQLVP� 5HVHDUFKHUV JHQHUDOO\ EHOLHYH WKDW WKH
PRVW LPSRUWDQW WKLQJ WR DFKLHYH LQWHUILEULOODU PLQHUDOL]DWLRQ LV WR REWDLQ D KLJK FRQWHQW
RI FDOFLXP DQG SKRVSKRUXV PLQHUDOV LQ WKH ILEULOV DQG WKDW WKH PHFKDQLFDO SURSHUWLHV RI
WKH VFDIIROG PXVW PDWFK WKH QDWXUDO KDUG WLVVXH� 7KURXJK RXU UHVHDUFK� ZH IRXQG WKDW
DP\ORLG�OLNH SURWHLQ DJJUHJDWHV���O\VR]\PH �O\VR� FRQMXJDWHG ZLWK SRO\�HWK\OHQH JO\FRO�
�3(*� �O\VR�3(*� FDQ VLJQLILFDQWO\ SURPRWH WKH LQWUDILEULOODU PLQHUDOL]DWLRQ RI FROODJHQ�
VKRUWHQ WKH WLPH RI LQWUDILEULOODU PLQHUDOL]DWLRQ DQG LQFUHDVH WKH VWUHQJWK RI LQWHUQDO
PLQHUDOL]DWLRQ � ,Q RXU UHVHDUFK� O\VR�3(* FDQ ELQG DQG PRGLI\ W\SH , FROODJHQ ILEULOV�
DQG WKHQ XVH WKH DEXQGDQW IXQFWLRQDO JURXSV DQG FKDUJHV RQ LWV VXUIDFH WR DWWUDFW $&3�
DQG IXUWKHU UHOHDVH FDOFLXP DQG SKRVSKRUXV LRQV WR FRPSOHWH LQWUDILEULOODU PLQHUDOL]DWLRQ�
PDNLQJ WKH PLQHUDOL]DWLRQ WLPH VKRUWHU DQG WKH PLQHUDOL]DWLRQ HIIHFW LV EHWWHU� 7KLV VWXG\
H[SORUHG WKH ILUVW DSSOLFDWLRQ RI DP\ORLG�OLNH SURWHLQ DJJUHJDWHV LQ WKH PLQHUDOL]DWLRQ RI
FROODJHQ ILEULOV DQG IXUWKHU GHYHORSHG D PRUH FRQYHQLHQW PHWKRG WR SURPRWH
LQWUDILEULOODU PLQHUDOL]DWLRQ� SURYLGLQJ D PRUH SURPLVLQJ FRQYHQLHQW PHWKRG IRU ELRPL
�PHWLF PLQHUDOL]HG FROODJHQ ILEULOV�

6KRUW�&9

<DQ\XQ 3DQJ� 3K' RI +RVSLWDO RI 6WRPDWRORJ\� 7LDQMLQ 0HGLFDO
8QLYHUVLW\� 7KH PDLQ UHVHDUFK LQWHUHVWV DUH RUDO ELRPDWHULDOV DQG
WLVVXH HQJLQHHULQJ�
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$P\ORLG�/LNH� XQLYHUVDO� FRDWLQJ� ORDGHG� ZLWK� RFWHQLGLQH� IRU�

UHPLQHUDOL]DWLRQ�DQG�DQWLEDFWHULDO�WR�SUHYHQW�DQG�DUUHVW�FDULHV 
'DQ\DQJ�/X��;LDQJ\X�=KDQJ��;X�=KDQJ� 
$EVWUDFW�  
'HQWDO�FDULHV�LV�D�FKURQLF�SURJUHVVLYH�GHYDVWDWLQJ�GLVHDVH�FDXVHG�E\�WKH�LPEDODQFH�RI�

GHQWDO�SODTXH�ELRILOP�UHVXOWLQJ�LQ�DFLG�DFFXPXODWLRQ�DQG�WRRWK�GHPLQHUDOL]DWLRQ��*LYHQ�
WKH�FXUUHQW�FKDOOHQJHV�LQ�FDULHV�WUHDWPHQW��SUHYHQWLQJ�DQG�DUUHVWLQJ�FDULHV�PDWHULDOV�KDYH�
EHFRPH� D� EUHDNWKURXJK� LQ� FDULHV� UHVHDUFK�� HVSHFLDOO\� ZKHQ� WKH� PHGLFDO� VHUYLFH� LV�
WHPSRUDULO\� XQDYDLODEOH�� 7KH� DP\ORLG�OLNH� DJJUHJDWLRQ� RI� ERYLQH� VHUXP� DOEXPLQ�
�%6$�²QDPHO\��37%�QDQRILOP²H[KLELWV�D�GXDO�IXQFWLRQ�RI�VSRQWDQHRXV�VWURQJ�DGKHVLRQ�
WR�VROLG�VXUIDFHV�VXFK�DV�KDUG�WLVVXHV�RI�WHHWK�DQG�JRRG�DQWLIRXOLQJ�WR�SURWHLQV��SODWHOHWV��
DQG�PLFURELDOV��DV�ZHOO�DV�WKH�SUHYHQWLRQ�RI�ELRILOP�IRUPDWLRQ��,Q�DGGLWLRQ��%6$�SRVVHVVHV�
��� &D��� ELQGLQJ� FLWH�� ZKLFK� FRXOG� DFFHOHUDWH� PLQHUDOL]DWLRQ�� 2FWHQLGLQH� �2&7��� DQ�
HVWDEOLVKHG�DQWLPLFURELDO�FRPSRXQG��FDQ�EH�XVHG�SURSK\ODFWLFDOO\�DQG�WKHUDSHXWLFDOO\�DQG�
GRHV� QRW� LQGXFH� EDFWHULDO� UHVLVWDQFH��7KHUHIRUH�� 37%�QDQRILOP� ORDGHG�ZLWK� RFWHQLGLQH�
�37%�2&7�� H[KLELWV� ERWK� UHPLQHUDOL]DWLRQ� DQG� DQWLEDFWHULDO� VXSHULRULW\� RQ� HQDPHO��
%HVLGHV��DV�WKH�GUXJ�QDQR�FDUULHU�V\VWHP��37%�FRXOG�ORDG�ZLWK�GLIIHUHQW�FRQFHQWUDWLRQ�RI�
2&7��ZKLFK�RYHUFRPHV�WKH�VOLJKWO\�VROXELOLW\�RI�2&7�DQG�LV�EHQHILW�WR�WKH�DSSOLFDWLRQ�RI�
DQWLEDFWHULDO� DJHQWV� LQ� RUDO� ELRPDWHULDOV�� &RPSDUHG� WR� RWKHU� DQWL�FDULHV� SURGXFWV��
37%�2&7�DFKLHYH�WKH�ORQJ�WLPH�VWDELOLW\�RI�SUHYHQWLQJ�FDULHV�GXH�WR�VWURQJ�DGKHVLRQ�DQG�
WKH�QRYHO�ELIXQFWLRQDO�DQWL�FDULHV�VWUDWHJ\�SUHVHQWV�DQ�HIIHFWLYH�PHWKRG�IRU�WKH�SUHYHQWLRQ�
DQG�DUUHVW�RI�FDULHV��ZKLFK�SURYLGHV�D�SURPLVLQJ�FOLQLFDO�IOXRULGH�IUHH�SURGXFW�IRU�FDULHV�
PDQDJHPHQW��  
6KRUW�&9 
'DQ\DQJ�/X��3K'�RI�6FKRRO�DQG�+RVSLWDO�RI�6WRPDWRORJ\��7LDQMLQ�0HGLFDO�8QLYHUVLW\��

7KH�PDLQ�UHVHDUFK�LQWHUHVWV�DUH�UHPLQHUDOL]DWLRQ�RI�KDUG�WLVVXH�RI�WHHWK��RUDO�ELRPDWHULDOV�
DQG�FDULHV�PDQDJHPHQW��,�KDYH�SXEOLVKHG�RQH�SDSHU�DERXW�DP\ORLG�ELRPDWHULDO�WUHDWLQJ�
GHQWLQ�K\SHUVHQVLWLYLW\�LQ�$GYDQFHG�0DWHULDOV��  

 
 

【】‘
P2-12



5ROH RI &RPPRQ 2UDO ,QIHFWLRXV 'LVHDVHV LQ ,QGXFLQJ 6WURNH�$ 5HYLHZ

)DQ /LX

6WDWH .H\ /DERUDWRU\ RI 2UDO 'LVHDVH 	 1DWLRQDO &OLQLFDO 5HVHDUFK &HQWHU IRU 2UDO

'LVHDVHV 	 'HSW� RI 1XUVLQJ� :HVW &KLQD +RVSLWDO RI 6WRPDWRORJ\� 6LFKXDQ 8QLYHUVLW\�

&KLQD�

>$EVWUDFW@ 6WURNH DV D PDMRU GLVHDVH ZKLFK KDV PDQ\ ULVN IDFWRUV VHULRXVO\ HQGDQJHULQJ

WKH KHDOWK RI &KLQHVH UHVLGHQWV� ,QIHFWLRQ DQG V\VWHPLF LQIODPPDWLRQ GLVHDVHV DUH RQH RI

WKH GULYLQJ IDFWRUV RI 6WURNH� &RPPRQ RUDO LQIHFWLRXV GLVHDVHV LQFOXGH SHULRGRQWLWLV�

JLQJLYLWLV� GHQWDO FDULHV� HQGRGRQWLF GLVHDVH PD\ UHODWHG WR WKH LQGXFWLRQ RI 6WURNH� 7KLV

SDSHU UHYLHZHG WKH UHVHDUFK SURJUHVV RI FRPPRQ RUDO LQIHFWLRXV GLVHDVHV RQ SURPRWLQJ

6WURNH DQG UHODWHG SUHYHQWLRQ ZD\V� ([SRXQGLQJ WKH UHODWLRQVKLS EHWZHHQ FRPPRQ RUDO

LQIHFWLRXV GLVHDVH DQG 6WURNH� VR DV WR LPSURYH WKH KHDOWK OLWHUDF\ DQG SURYLGH D

WKHRUHWLFDO EDVLV IRU UHGXFLQJ WKH ULVN RI 6WURNH� DQG SXW IRUZDUG UHOHYDQW PHDVXUHV IRU

LQGLYLGXDOV DQG PHGLFDO LQVWLWXWLRQV WR SURPRWH WKH RUDO KHDOWK�

)DQ /LX LV VWXG\LQJ IRU D QXUVLQJ GRFWRUDWH LQ 6LFKXDQ 8QLYHUVLW\ QRZ�

ZKR LV ZRUNLQJ LQ QXUVLQJ ILHOG IRU DERXW �� \HDUV KDV SXEOLVKHG PRUH

WKDQ �� DUWLFOHV� )DQ /LX KDV ULFK H[SHULHQFH RQ FULWLFDO GLVHDVHV

QXUVLQJ� VXFK DV VWURNH� LQIHFWLRXV GLVHDVHV DQG VR RQ� 5HFHQWO\ VKH

ZDV DUUDQJHG WR :HVW &KLQD +RVSLWDO RI 6WRPDWRORJ\ DV WKH FKLHI RI

GHSDUWPHQW RI QXUVLQJ� $V WKH VSHFLDO EDFNJURXQG RI V\VWHPDWLF GLVHDVH FRPELQHG RUDO

GLVHDVH� HVSHFLDOO\ RUDO LQIHFWLRXV GLVHDVH� WKH DUWLFOH ZDV EURXJKW XS E\ )DQ /LX�

(�PDLO � VDPRWM#����FRP

3KRQH QXPEHU � ���������������
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Modified Dental Anesthesia Simulation Model Improves Skills and 

Willingness for Dental Students 
Zhaosong Meng, Jiacheng Liu, Hongjie Li, Dai Shen, Changyi Li, Lei Sui 

Abstract  
Purpose: This work aims to evaluate the teaching effects of a modified dental 
anesthesia simulation model (DASM) on inferior alveolar nerve block (IANB) 
practice teaching. The modified DASM integrated three-dimensional imaging 
technology and a three-dimensional positioning system to support IANB teaching. 
Methods: From Jan 2020 to Aug 2021, 63 dental students were divided into two 
groups for IANB training. One is the analog simulation (AS) group (N=33), using 
modified DASM for IANB training. Another one is the student-to-student (SS) group 
(N=30), using the student-to-student dental local anesthetic training pattern. Students 
carried out theory examination, skill assessment, and questionnaires after training 
session and internship. The final response rate of questionnaires is 100%.  
Results: After the training session, the theory and practice scores were similar 
between AS group and the SS group (p>0.05). However, the practice score was higher 
in AS group than the SS group after the internship (p<0.001). The anxiety score in the 
AS group was higher than in the SS group before the internship. But internship 
relieved the anxiety of the AS group effectively (p<0.0001). And the anxiety score of 
the AS group was close to the SS group after internship. Most of the students (63.4%) 
wish to use DASM on IANB training in various forms. 
Conclusions: The modified DASM could effectively improve the long-term IANB 
skills than traditional student-to-student training pattern. And the willingness of 
students to perform IANB also significantly increased by modified DASM. This 
modified DASM is an effective adjunct method for IANB practice teaching. 
 
Short-CV: Zhaosong Meng received his B.S. from Nanchang University in 2010, his 
M.S. from the West China School of Stomatology Sichuan University at Chengdu in 
2012 and his Ph.D. from West China School of Stomatology Sichuan University in 
2015. Since 2015 he has been employed by School of Stomatology Tianjin Medical 
University until now as an instructor. 
Research interests: Dental stem cells, dental education and oral and maxillofacial 
surgery. 
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/RFDOO\�'HOLYHU\�RI�0LQRF\FOLQH�,PPHGLDWHO\�$IWHU�,PSODQW�6XUJHU\��$�

���:HHN�5DQGRPL]HG�&RQWUROOHG�&OLQLFDO�7ULDO 
<DQMXQ�=KDQJ��;LQJPHL�<DQJ��4XDQ�<XDQ��6WDWH�.H\�/DERUDWRU\�RI�2UDO�'LVHDVHV�	�
1DWLRQDO�&OLQLFDO�5HVHDUFK�&HQWHU� IRU�2UDO�'LVHDVHV�	�'HSDUWPHQW�RI� ,PSODQWˈ:HVW�
&KLQD�+RVSLWDO�RI�6WRPDWRORJ\ˈ6LFKXDQ�8QLYHUVLW\ˈ&KHQJGXˈ&KLQD� 
4XDQ�<XDQ�(�PDLO��\XDQTXDQ#VFX�HGX�FQ 
$EVWUDFW 
%DFNJURXQG��7KH� DLP�RI� WKLV� UDQGRPL]HG� FRQWUROOHG� FOLQLFDO� WULDO� LV� WR� GHWHUPLQH� WKH�
FOLQLFDO� DQG� PLFURELDO� HIIHFWV� RI� ORFDO� GHOLYHUHG� PLQRF\FOLQH� K\GURFKORULGH� RLQWPHQW�
LPPHGLDWHO\�DIWHU�LPSODQW�VXUJHU\� 
0DWHULDV�DQG�0HWKRGV��)RUW\�SDUWLDOO\�HGHQWXORXV�SDWLHQWV�ZHUH�UHFUXLWHG�DQG�UDQGRPO\�
DVVLJQHG�WR�WZR�JURXSV��WHVW�JURXS��PLQRF\FOLQH�K\GURFKORULGH�WUHDWPHQW�JURXS���FRQWURO�
JURXS�EODQN�FRQWURO���3DLQ�LQGH[�ZDV�PHDVXUHG�DW���GD\V�DIWHU�VXUJHU\��*LQJLYDO�LQGH[�
�*,���PRGLILHG�6XOFXV�%OHHGLQJ�,QGH[��P6%/��DQG�SHUL�LPSODQW�FUHYLFXODU�IOXLG�VDPSOHV�
ZHUH�PHDVXUHG� DQG� FROOHFWHG� DW� �� DQG� �� GD\V� DIWHU� VXUJHU\�� ,/��ȕ�� ,/���� DQG�71)�Į�
FRQFHQWUDWLRQV� ZHUH� PHDVXUHG� E\� HQ]\PH� OLQNHG� LPPXQRVRUEHQW� DVVD\� �(/,6$���
0LFURELDO�DQDO\VLV�ZDV�SHUIRUPHG�ZLWK�UHDO�WLPH�SRO\PHUDVH�FKDLQ�UHDFWLRQ��7KH�FKDQJH�
RI� PDUJLQDO� ERQH� OHYHO� �0%/�� PHDVXUHG� ZLWK� SDQRUDPLF� UDGLRJUDSK� ZDV� DQDO\]HG�
EHWZHHQ�LPPHGLDWHO\�DQG����ZHHNV�DIWHU�VXUJHU\��  
5HVXOWV��7KH� UHVXOWV�RI�SDLQ� LQGH[��*,� DQG�P6%/� LQ� WKH� WHVW� JURXS�ZHUH� VLJQLILFDQWO\�
ORZHU�WKDQ�LQ�WKH�FRQWURO�JURXS��3 ������������DQG��������UHVSHFWLYHO\��DW���GD\V��DQG��3
˘�������DW���GD\V��7KH�FRQFHQWUDWLRQ�RI�,/��ȕ��,/����DQG�71)�Į�ZHUH�VLJQLILFDQWO\�ORZHU�
LQ� WKH� WHVW� JURXS� �3 ������� ������ DQG� ������� UHVSHFWLYHO\�� DW� �� GD\V�� 7KH� UHODWLYH�
DEXQGDQFH�RI�VWUHSWRFRFFXV�DQG�JUDP�QHJDWLYH�DQDHURELF�EDFWHULD�ZDV�VLJQLILFDQWO\�ORZHU�
LQ� WKH�WHVW�JURXS��3 ������DQG�˘�������UHVSHFWLYHO\��DW���GD\V��DQG��3 ������DQG�˘
�������UHVSHFWLYHO\��DW���GD\V�DIWHU�VXUJHU\��7KHUH�ZDV�QR�VLJQLILFDQWO\�GLIIHUHQFH�RI�0%/�
EHWZHHQ�WKH�WHVW�DQG�FRQWURO�JURXS� 
&RQFOXVLRQ��7KHVH� ILQGLQJV� LQGLFDWHG� WKDW� WKH� ORFDO� GHOLYHU\� RI�PLQRF\FOLQH� SURYLGHV�
VLJQLILFDQW�EHQHILWV� LQ� WHUPV�RI�UHGXFLQJ�SRVWRSHUDWLYH�SDLQ��SURPRWLQJ�ZRXQG�KHDOLQJ�
DQG�GHFUHDVLQJ�JUDP�QHJDWLYH�DQDHURELF�EDFWHULD�HDUO\�FRORQL]DWLRQ� 
5HVHDUFK�LQWHUHVW��SHUL�LPSODQW�ZRXQG�KHDOLQJ��FKDUDFWHULVWLF�RI�SHUL�LPSODQW�PLFUREHV�
LQ�HDUO\�SHULRG  
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MESENCHYMAL STEM CELLS: A PROMISING THERAPY FOR 

DENTAL IMPLANTS OSSEOINTEGRATION IN DIABETICS 
MODEL 

 
Mefina Kuntjoro1*, Nike Hendrijantini1, Bambang Agustono1, Darin Rinaldi2, 

Farasaty Utami2 
1 Department of Prosthodontics, Faculty of Dental Medicine, Airlangga University, Surabaya, Indonesia 
2 Prosthodontics Resident, Faculty of Dental Medicine, Airlangga University, Surabaya, Indonesia 
* Corresponding Author e-mail : mefina-k@fkg.unair.ac.id 
 
ABSTRACT 
 
Background: Diabetics can leads to lack and delayed osseointegration in dental implant 
due to hyperglycemic. Thus, it has always been a challenge for prosthodontist as there is 
still no therapy for these conditions. Human umbilical cord mesenchymal stem cells 
(hUCMSCs) was a very well developed stem cells among researchers around the world 
because of the ability in improving bone microenvironment and osteogenic potentials. 
Objective: To examine the effect of hUCMSCs on dental implant osseointegration in 
hyperglicemic condition. Method: Twenty eight Wistar rats were injected 
intraperitoneally with Streptozotocin 20mg/kg BW 5 days in a row to make diabetic 
model. The treatment was carried out after fasting blood sugar levels > 300 mg/dl and 
waiting 5 days for the glycation period. The source of stem cells is human umbilical 
cord which has been isolated and cultured until passage 6. The experimental animals 
were divided into 4 groups, namely the 2-week implant group (K1), the 4-week implant 
group (K2), the 2-week implant + hUCMSCs group (P1) and the 4-week implant + 
hUCMSCs group (P2). The variables examined were osterix, BIC (Bone Implant 
Contact), and BIV (Bone Implant Volume). The data were analyzed statistically using 
ANOVA and Mann-Whitney Test. Result: There were significant differences in 
Osterix, BIC, and BIV level in treatment groups compared with control groups. BIC and 
BIV level in treatment groups continue to increases significantly to maintain 
osseointegration. While Osterix, an essential marker for bone maturation, is decreasing 
as homeostasis occured. Conclusion: hUCMSCs accelerate and increase dental implant 
osseointegaration in diabetics model. 
 
Keywords: hUCMSCs, implant, diabetes, osseointegration, BIC. 
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ABSTRACT 

 
Applying Mobile Augmented Reality Technology in Dental Education 

Yi Chen Hsu, Tran Thi Ngoc Trang, Chien Fu Tseng, Pei-Yun Liu, Ding Han Wang*, Ming Lun Hsu* 

 
Information and communication technology (ICT) have been applied in influencing the 
field of industry and make it become more digitize. With the development of ICT, 
mobile devices becoming widely used in public. In recent years, more and more 
educational application connected to mobile device, make learning get closer to 
population. There are several educational applications combine augmented reality to 
increase more fun experience. Augmented reality (AR) is a technology that integrates 
real-world environment and virtual objects. Follow the definition of AR, Mobile 
Augmented reality (MAR) applies above concept in mobile devices that can be used 
anytime, and makes us can carry them easily wherever we go. According to the current 
popularity of the use of MAR in the public, our study captures the advantages and 
incorporate to create a new value application for learning and also to support healthcare 
services. Three-dimensional medical model reconstructed based on 2D image has been 
used in recent years in clinical performance and training system, which can clearly 
identify the difference and more information in details than 2D drawing. By using 3D 
medical image integrating MAR technique, which can be applied into education field 
for student and clinical field between healthcare worker and patient. A concrete image 
allowing students and users to construct visualization which are invisible in some of 
the case to develop their own cognitive ability.   
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$SSOLFDWLRQ�RI�GLJLWDO�VXUJLFDO�WHFKQRORJLHV�LQ�WKH�WUHDWPHQW�RI�

GHQWRIDFLDO�GHIRUPLWLHV�VHFRQGDU\�WR�FRQG\ODU�RVWHRFKRQGURPD�

K\SHUSODVLD 

=KDRNXQ�=KX��7DL�<XH��/LX�<DR��(Q�/XR�  
6WDWH�.H\�/DERUDWRU\�RI�2UDO�'LVHDVHV�	�1DWLRQDO�&OLQLFDO�5HVHDUFK�&HQWHU�IRU�2UDO�'LVHDVHV�'HSW��RI�2UDO�DQG�0D[LOORIDFLDO�6XUJHU\��:HVW�&KLQD�+RVSLWDO�RI�6WRPDWRORJ\��

6LFKXDQ�8QLYHUVLW\��&KHQJGX����������3�5��&KLQD� 

$EVWUDFW 

3XUSRVH漣7R�LQWURGXFH�D�PRGLILHG�PHWKRG�XVLQJ�&$'�&$0�VXUJLFDO�FXWWLQJ�DQG�GULOOLQJ�

JXLGHV�ZLWK�DGGLWLRQDO�SUH�EHQW�WLWDQLXP�PLQLSODWHV�WR�LPSURYH�WKH�DFFXUDF\�RI�RSHUDWLRQ�
IRU� WKH� WUHDWPHQW� RI� GHQWRIDFLDO� GHIRUPLWLHV� VHFRQGDU\� WR� FRQG\ODU� K\SHUSODVLD��

0DWHULDOV� DQG� 0HWKRGV漣 ��� SDWLHQWV� ZLWK� FRQG\ODU� K\SHUSODVLD� DQG� VHFRQGDU\�

GHQWRIDFLDO� GHIRUPLWLHV� ZHUH� WUHDWHG� E\� WKH� &$'�&$0� VXUJLFDO� FXWWLQJ� DQG� GULOOLQJ�
JXLGHV�DV�ZHOO�DV�SUH�EHQW�WLWDQLXP�PLQLSODWHV��3UH��DQG�SRVW�RSHUDWLYH��'�FHSKDORPHWULF�
PHDVXUHPHQWV� ZHUH� UHFRUGHG� DQG� WKH� GLIIHUHQFH� EHWZHHQ� YLUWXDO� VLPXODWLRQ� DQG�
SRVWRSHUDWLYH� PRGHOLQJ� LPDJHV� ZDV� PHDVXUHG�� )ROORZ�XS� DQG� UDGLRJUDSKLF�

H[DPLQDWLRQV�ZHUH�SHUIRUPHG��5HVXOWV漣,Q�RXU�VWXG\��DOO�SDWLHQWV�ZHUH�VDWLVILHG�ZLWK�WKH�

VXUJLFDO� RXWFRPH�� ZLWKRXW� REYLRXV� UHODSVH� RU� HYLGHQFH� RI� WHPSRURPDQGLEXODU� MRLQW�
GLVRUGHU� RU� RWKHU� FRPSOLFDWLRQV� GXULQJ� IROORZ�XS�� DOO� SDWLHQWV� DYRLGHG� FRQG\ODU�
UHFRQVWUXFWLRQ� DQG� VDJLWWDO� VSOLW� RI� UDPXV� RVWHRWRP\�RQ� WKH� LSVLODWHUDO�PDQGLEOH� VLGH��
&RPSDULVRQ� EHWZHHQ� VLPXODWHG� SODQV� DQG� DFWXDO� SRVWRSHUDWLYH� RXWFRPHV� VKRZHG�

VXUJLFDO�VLPXODWLRQ�SODQ�ZDV�DFFXUDWHO\�WUDQVIHUUHG�WR�WKH�DFWXDO�VXUJHU\��&RQFOXVLRQV漣

7KH�DSSOLFDWLRQ�RI�&$'�&$0�VXUJLFDO�FXWWLQJ�DQG�GULOOLQJ�JXLGHV�DV�ZHOO�DV�SUH�EHQW�
WLWDQLXP�SODWHV�FRXOG�DFKLHYH�DFFXUDWH�DQG�IDYRUDEOH�RXWFRPHV��LPSURYLQJ�WKH�FOLQLFDO�
SODQQLQJ�DQG�VXUJLFDO�H[HFXWLRQ�IRU�SDWLHQWV�ZLWK�FRQG\ODU�K\SHUSODVLD�DQG�VHFRQGDU\�
GHQWRIDFLDO�GHIRUPLWLHV� 

�  
� � � � � � � � � � � )LJ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � )LJ�� 

� �  

)LJ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � )LJ�� 
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Study on the correlation between tongue size, position and lower 
dental arch morphology in skeletal class ჟ adolescents                        

  
AuthorφφZi yi,Wang   Yan hong,Zhao  Xin tong,Zhong��

               Department of Orthodontics, Tianjin Medical University Hospital of Stomatology 

Objective: 
In this study, the three-dimensional measurement and 
analysis of the tongue and lower arch morphology of 
skeletal class II adolescents was conducted to explore the 
correlation between the size and position of the tongue 
and the morphology of the lower dental arch in skeletal 
class II adolescents.It  aims to provide a theoretical basis 
for the treatment of adolescent patients. 
Method: 
According to the inclusion criteria, 60 cases of skeletal 
class II adolescent patients (21 males and 39 females, 
with an average age of 14.94f1.83 years) were 
collected. Use Invivo5 to perform three-dimensional 
reconstruction of the CBCT data of all patients, adjust 
the three-dimensional level, measure the position and 
size of the tongue, the length of the lower dental arch, 
the width of the front and back and other indicators. Use 
SPSS 23.0 software package to perform correlation 
statistical analysis on the measurement data. 
Results: 
The front width of the lower arch is positively correlated 
with the length of the tongue, the area of the tongue body, 
the total area and the area of the middle part of the 
tongue, and it is significantly positively correlated with 
the height of the tongue and the position of the tip of the 
tongue; the width of the back of the lower arch is 
positively correlated with the height of the tongue and 
the area of the tongue. Position, total area and mid-
tongue area are significantly positively correlated; the 
length of the lower arch is significantly positively 
correlated with the length of the posterior tongue in the 
mouth. The above correlations are statistically significant 
(P<0.05). 
Conclusions: 
The size and position of the tongue of skeletal 
adolescents are correlated with the width and length of 
the front and back of the lower dental arch. Patients with 
a larger tongue and a higher position of the tongue in the 
mouth have a wider and longer dental arch. 
 
 

II: Front width of lower arch�

T: tip of tongue;  
E: root of epiglottis;  
ET: connection between tip of 
tongue and root of epiglottis;  
C: most convex point of mental 
spine; 
 H: uppermost point of hyoid bone; 
ķ: area of tongue body;  
ĸ: area of tongue base 

I: the incisor point 
of the lower central 
incisor;  
P: the last point of 
the soft palate; 
 O: the midpoint 
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Scanning Electron Microscope Observation of Dental Root Canal After 
Irrigated by Chitosan Tiger Shrimp Shell (Penaeus monodon) Waste Solution 

 
Agustin Wulan Suci-Dharmayanti,1,2 Ghiza Jibrilla K Barqly,2 Dwi Warna Aju Fatmawati,3 Hendy 
Hendarto,1* 
 

1 Medicine Faculty, Airlangga University, Jl. Mayjen Prof. Dr. Moestopo 47, Surabaya, 
Indonesia, 60131  

2 Biomedical Department, Faculty of Dentistry, Universitas Jember, Jl. Kalimantan 37, Jember, 
Indonesia, 68121 

3 Faculty of Dentistry, Universitas Jember, Jl. Kalimantan 37, Jember, Indonesia, 68121 
4 Operative Dentistry Department, Faculty of Dentistry, Universitas Jember, Jl. Kalimantan 37, 

Jember, Indonesia, 68121 
 
*Corresponding author. Email: Hendy Hendarto (hendy.hendarto@fk.unair.ac.id) 
 
Abstract  

Root canal irrigation is one part of biomechanical preparation of root canal treatment. The 
purpose of this treatment is to take out debris, to dissolve smear layer, antibacterial, and lubricants. 
NaOCl is one irrigation material frequently used, although it is not able to clean the smear layer 
and toxic. Tiger shrimp is one of the shrimps consumed in high quantities per year. Tiger shrimp 
contains 36% chitosan of total body weight. Chitosan is believed to have antibacterial and bio-
adhesive capability so that it may be used as an alternative material of irrigation canals. This study 
was aimed to know the cleaner capability of chitosan tiger shrimp shell (Penaeus monodon) waste 
solution shrimp chitosan in dental root canal walls by Scanning Electron Microscope (SEM) 
observation. The goat teeth were preparation by conventional technique and irrigated with various 
solutions. Root canal wall from each group was observed by SEM. The result showed that teeth 
irrigated by 10% chitosan solution was the cleanest. However, there was no significant difference 
between each group. Briefly, chitosan solution wasable to clean up debris and could be used as 
root canal irrigations solution  

 
 
Keywords: chitosan, SEM, tiger shrimp waste. 
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,QYHVWLJDWLRQ�RQ�WKH�XQGHUVWDQGLQJ�DQG�FRJQLWLRQ�RI�RUDO�
UHVLGHQWV�MRLQLQJ�VWDQGDUGL]HG�WUDLQLQJ�WRZDUGV�FOLQLFDO�
SUDFWLFH�LQ�DHVWKHWLF�DQG�UHVWRUDWLYH�GHQWLVWU\

$XWKRU��/LDQJ�6KDQVKDQ��;LDR�:HLZHL��<DQJ�*XDQJ��.RQJ�-XQMXQ��
+XDQJ�&XL

5HVHDUFK�,QWHUHVW��$HVWKHWLF�GHQWLVWU\

$GGUHVV��6FKRRO�DQG�+RVSLWDO�RI�6WRPDWRORJ\��:XKDQ�8QLYHUVLW\

2EMHFWLYH

7R�LQYHVWLJDWH�WKH�XQGHUVWDQGLQJ�DQG�FRJQLWLRQ�RI�RUDO�UHVLGHQWV�MRLQLQJ�VWDQGDUGL]HG�WUDLQLQJ�
WRZDUGV�FOLQLFDO�SUDFWLFH�LQ�DHVWKHWLF�DQG�UHVWRUDWLYH�GHQWLVWU\��

0HWKRGV

$�TXHVWLRQQDLUH�VXUYH\�ZDV�LPSOHPHQWHG�DQG�����RUDO�UHVLGHQWV�MRLQLQJ�VWDQGDUGL]HG�WUDLQLQJ�
LQ�6FKRRO�DQG�+RVSLWDO�RI�6WRPDWRORJ\��:XKDQ�8QLYHUVLW\�SDUWLFLSDWHG�LQ�WKLV�LQYHVWLJDWLRQ�
E\��³ZM[�FQ´�SODWIRUP��7KH�GDWD�ZDV�DQDO\]HG�E\�6366��7KH�FRQWHQWV�RI�WKH�VXUYH\�LQFOXGHG�
WKH�EDFNJURXQG�RI�SDUWLFLSDQWV��WKHLU�XQGHUVWDQGLQJ�DQG�WKHLU�FRJQLWLRQ�WRZDUGV�FOLQLFDO�
SUDFWLFH�RI�DHVWKHWLF�DQG�UHVWRUDWLYH�GHQWLVWU\�DQG�WKH�GHPDQG�IRU�UHODWLYH�FRXUVHV��

5HVXOWV

$�WRWDO�RI�����TXHVWLRQQDLUHV�ZHUH�GLVWULEXWHG�DQG�����ZHUH�UHVSRQGHG��ZLWK�D�UHVSRQVH�UDWH�
RI���������7KH�UHVXOWV�VKRZHG�WKDW�RQO\��������UHVLGHQWV�KDG�WKH�H[SHULHQFH�RI�V\VWHPDWLF�
OHDUQLQJ�LQ�DHVWKHWLF�DQG�UHVWRUDWLYH�GHQWLVWU\��0RVW�UHVLGHQWV�����������������WKRXJKW�WKDW�
WKH�FOLQLFDO�VNLOOV�RI�DHVWKHWLF�UHVWRUDWLYH�GHQWLVWU\�ZHUH�QHFHVVDU\���������RI�WKH�UHVLGHQWV�
WKRXJKW�LW�ZDV�FULWLFDO�WR�HQUROO�PRUH�FRXUVHV�DQG�OHFWXUHV�UHODWHG�WR�DHVWKHWLF�DQG�UHVWRUDWLYH�
GHQWLVWU\��7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�RQ�WKHVH�LWHPV�DPRQJ�WKUHH�GLIIHUHQW�JUDGHV�
�3!�������H[FHSW�IRU�WKH�FRJQLWLRQ�WRZDUGV�FRPPXQLFDWLRQ�EHWZHHQ�GRFWRUV�DQG�WHFKQLFLDQV�
�3 �������

&RQFOXVLRQ��

2UDO�UHVLGHQWV�MRLQLQJ�VWDQGDUGL]HG�WUDLQLQJ�JHQHUDOO\�ODFN�VXIILFLHQW�XQGHUVWDQGLQJ�RI�
DHVWKHWLF�DQG�UHVWRUDWLYH�GHQWLVWU\��DQG�KDYH�XUJHQW�GHPDQG�IRU�FRXUVHV�DQG�OHFWXUHV�UHODWHG�WR�
LW��7KHUHIRUH��LW�LV�LPSHUDWLYH�WR�LPSURYH�WKH�HGXFDWLRQ�RI�DHVWKHWLF�DQG�UHVWRUDWLYH�GHQWLVWU\�
IRU�RUDO�UHVLGHQWV�MRLQLQJ�VWDQGDUGL]HG�WUDLQLQJ�
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Objective

To investigate the performance of and influencing factors on clinical practice of oral aesthetic
analysis and design for trainees receiving resident standardized training.

Results

The results showed that 63.5% (167/263) of the trainees evaluated themselves as competent to
complete clinical practice of oral aesthetic restoration; but only 33.8% (89/263) of the trainees were
capable of doing the digital aesthetic analysis and design. The trainees majoring in prosthodontics
had better “clinical practice capacity of oral aesthetic restoration” (OR =4.90 , 95% CI:2.27~10.60),
and did better in “understanding the aesthetic needs of patients” (OR = 2. 47, 95%CI: 1.10~5.59),
“digital aesthetic analysis and design" (OR = 2.29 95%, CI:1.23 ~ 4. 26), and “making research
model and diagnostic wax pattern” (OR =2.75, 95%CI:1.43~5.28) “four licenses in one” master
degree students did better in “record aesthetic information by using oral clinical digital
photography” (OR = 2.37, 95%CI:1.27~4.40) and “making research model and diagnostic wax
pattern” (OR = 1.91, 95%CI: 1.07~3.41). The trainees of grade 2017 did better in “digital aesthetic
analysis and design” (OR = 2.41, 95%CI:1.20~4.83).

Conclusion
Part of trainees in standardized training of oral residents had mastered the relevant technologies of
oral aesthetic analysis and design and had the clinical practice capacity of aesthetic restorationư
Trainees whose major was prosthodontics or who was “four licenses in one” master degree students
or whose grade was 2017 were more likely to perform well in these aspects.

Investigation on the situation of clinical practice of oral aesthetic
analysis and design for oral residents receiving standardized training

Author: Liang Shanshan, Kong Junjun, Lui Siin, Yang Ziyi, Huang Cui
Research Interest: Aesthetic dentistry
Address: School and Hospital of Stomatology, Wuhan University

Totally 263 trainees were selected at School and Hospital of Stomatology, Wuhan University, in
January 2020. The platform “wjx.cn" was used for questionnaires distribution and data collection.
The contents of questionnaire included the general information of participants, the current situation
of clinical practice of oral aesthetic analysis and design and their self-evaluation of the aesthetic
restorative capacity. Chi square test and multivariable logistic regression analysis were applied for
analyzing the data.

Methods

http://wjx.cn/
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Investigation on the satisfaction of oral residents joining

standardized training towards the prosthodontics morning-

course mode

Author:Liang Shanshan,Yang Ziyi,Shi Hongqian,Xiao Weiwei,Huang Cui 
Research interest: Aesthetic dentistry
Address: School and Hospital of Stomatology, Wuhan University

Objective

To investigate the satisfaction of trainees in standardized training of oral residents with the
prosthodontics morning-course mode, and to explore WUDLQHHV¶ favorite teaching forms.

Methods

A total of 140 trainees from grade 2017 to 2020 who were trained in the prosthodontics training
base of Hospital of Stomatology, Wuhan University and participated in the prosthodontics
morning-course mode from June to October 2020 were selected as the research objects. The
platform of ³ZM[.FQ´ was used for sending questionnaires and collecting data. The contents of the
questionnaire included the general information of participants, their satisfaction with the course
arrangement and teaching content of the morning-course mode, and the overall satisfaction, as well
as their favorite teaching forms. Fisher's exact test was used for data analysis.

Results

The WUDLQHHV¶ satisfaction with time arrangement and venue arrangement of the prosthodontics
morning-course mode were 95.0%(115/121) and 93.0%(120/129); the WUDLQHHV¶ satisfaction with the
coverage of the teaching content and clinical practicability were 85.0%(102/120) and
96.8%(120/124);and the overall satisfaction was 96.2%(125/130). There was no significant
difference in the satisfaction with the above-mentioned 5 aspects among the trainees in different
gender, types and majors(P>0.05); There was significant difference in the satisfaction with the
coverage of the teaching content among the trainees in different grades (P=0.042), but no
significant difference was observed in the other four aspects among trainees in different grades
(P>0.05). More than 70% WUDLQHHV¶ favorite teaching forms of the prosthodontics morning-course
mode were case report [80.0% (112/140)], practical course [75.7% (106/140)] and difficult case
discussion [75.7% (106/140)].

Conclusion

The trainees in standardized training of oral residents were highly satisfied with the prosthodontics
morning-course mode, and the case report, practical course and difficult case discussion were their
favorite teaching forms of the prosthodontics morning-course mode.
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Comparison in Education and Management of the Caries Disease 
between two Universities. 

Åkerlind K., Tu L., Nakamura K., Hong G., Örtengren U. 
Purpose: Evaluation of the educational management of caries disease between the 
University of Gothenburg and Tohoku University of Sendai. Background: Caries is the 
world's most common illness and considered as a multifactorial disease. By performing 
Caries Risk Assessment (CRA) it is possible to identify high risk patients. CRA is 
recommended to be performed regularly both in Sweden and Japan, but seems less 
commonly executed in the latter. Prevention is a critical factor in the treatment of the 
caries. Important factors to take into consideration are diet, fluoride administration and 
antimicrobial products. The dental education is five years in Sweden and six years in 
Japan. Since cariology and management of the caries disease is an important part in 
dentistry and dental education, the purpose of this study was to compare the educational 
management of the caries disease between the University of Gothenburg and Tohoku 
University of Sendai. Method: A questionnaire was developed focused on caries 
prevention, risk assessment and caries education and sent to the final year dental 
students, researchers/teachers and The Head of Cariology/The Head of Division for 
International Collaborative and Innovative Dentistry from each university. The answers 
were summarized and analyzed. Results: Both universities answered that CRA, 
prevention, restricted sugar intake and diet is important. The two universities would, 
however, perform CRA on different patient groups and also recommend different base 
prophylaxis and fluoride regime. 100% of the Swedish teachers considered their 
cariological education sufficient for everyday practice, but only 33% of the Japanese 
teachers considered their cariological education sufficient. Among the students, the 
distribution of answers was 87% (Sweden) vs 33% (Japan) respectively. All respondents 
wanted more practical training for the students. Conclusion: CRA was considered 
important at both universities but the differences in caries management was evident.  
 
We are two dental students (25 and 24 years of age) in our last year of our studies. Our 
research interest is within cariology and caries risk management. 
 

  

【】‘
P4-1



Reduced Bone Dimensions in Oligodontia: a Case-Control Study 
Nicolas Dupré2,5,6, Orianne Gondel1, Rufino Felizardo1,2,3,6, Maria Clotilde Carra1,4,6, Muriel de La Dure-Molla1,2,6, 
Benjamin P.J. Fournier1,2,5,6, Stéphane Kerner1,2,5,6,7 
1 Université de Paris, Odontology Faculty, departments of Periodontology, Oral Biology, Pediatric dentistry and Imaging 
2 Reference Center for Oral and Dental Rare Diseases, ORARES, Rothschild Hospital, AP-HP, Paris, France. 
3 CNRS, UMR 8045, BABEL, University of Paris, France. 
4INSERM, UMS 011, Population-based Epidemiologic Cohorts Unit, Villejuif, France  
5Centre de Recherche des Cordeliers, Université de Paris, Sorbonne Université, INSERM U1138, Laboratory of 
Molecular Oral Pathophysiology, Paris, France. 
6 APHP, Rothschild Hospital, Odontology Department 
7Department of periodontics, School of dentistry, Loma Linda, University Loma Linda, CA, US 

Objectives: Oligodontia (OD) is a rare developmental disease characterized by agenesis of at least six permanent teeth. 
Once diagnosed,  patients require complex oral rehabilitation. Difficulties in dental implants treatment  have been 
reported.  We aim to determine whether the bone volume of the maxilla and mandible are altered in OD patients compared 
to non-OD patients, in a retrospective case control study.  
Methods: CBCTs of 53 adult OD patients (40 maxillary, 32 mandibular) were analyzed and compared with those of 82 
(51 maxillary, 31 mandibular) age- and sex-matched controls. Alveolar bone dimensions were evaluated at every tooth 
position site. 

 
Results: In OD patients, upper maxilla bone width was decreased in sites with permanent teeth, while bone height was 
only decreased in the anterior area (17,1±3,0mm vs 19,2±3,9mm, p<0,001). Edentulous sites (compared with control 
patients’ edentulous sites) showed a reduced height in the anterior sites ((15,0±4,1mm vs 19,4±4,4mm, p<0.001) and a 
decreased thickness in the premolar at 3 mm (p=0,05) and molar areas at 3 (p<0.001) and 6mm (p=0,05).  

In the mandible, the permanent teeth were associated with a decreased bone height in premolar and anterior areas, while 
bone thickness was significantly reduced in the incisive-canine area at 3 (p<0.001), 6 (p<0.01), and 12 mm (p<0.001) 
depth in OD patients. In mandibular edentulous sites, bone thickness diminished at every site. Of interest, bone thickness 
increased in the sites with permanent or temporary teeth compared to edentulous ones. This morphology modification 
was associated with changes in alveolar nerve position in case of molars agenesis. 

Conclusions: Maxillary and mandibular bone volume is decreased in OD patients compared to controls. Since the absence 
of teeth in OD patients is associated with volume deficit, it may be beneficial to keep temporary teeth functional to limit 
alveolar bone resorption.  

 
 
 Nicolas DUPRE 
 Email: nicolas.dupre@outlook.fr 
 Research interest: Oral and Facial Rare Disease  
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6LQJOH�FHOO� DQDO\VLV� UHYHDOV� WKDW� FDQFHU�DVVRFLDWHG� ILEUREODVWV� SURPRWH�

RUDO�VTXDPRXV�FHOO�FDQFHU�LQYDVLRQ�WKURXJK�7*)�ȕ��6PDG�SDWKZD\ 

6KXQKDR�=KDQJ��7LDQOH�/L��:HQELQ�<DQJ� 
6WDWH�.H\�/DERUDWRU\�RI�2UDO�'LVHDVHV��1DWLRQDO�&OLQLFDO�5HVHDUFK�&HQWHU�IRU�2UDO�'LVHDVHV��'HSDUWPHQW�RI�2UDO�DQG�

0D[LOORIDFLDO�6XUJHU\��:HVW�&KLQD�+RVSLWDO�RI�6WRPDWRORJ\��6LFKXDQ�8QLYHUVLW\��&KHQJGX��&KLQD�������� 

 

$EVWUDFW��7KRXJK�VXEVWDQWLDO�SURJUHVV�KDV�EHHQ�PDGH�LQ�FDQFHU�ELRORJ\�DQG�WUHDWPHQW��
WKH�SURJQRVLV�RI�RUDO�VTXDPRXV�FHOO�FDUFLQRPD��26&&��LV�VWLOO�QRW�VDWLVIDFWRU\�EHFDXVH�RI�
ORFDO�WXPRU�LQYDVLRQ�DQG�IUHTXHQW�O\PSK�QRGH�PHWDVWDVLV��7KH�WXPRU�PLFURHQYLURQPHQW�
�70(��LV�D�SRWHQWLDO�WDUJHW��LQ�ZKLFK�FDQFHU�DVVRFLDWHG�ILEUREODVWV��&$)V��DUH�RI�JUHDW�
VLJQLILFDQFH�GXH�WR�WKHLU�LQWHUDFWLRQV�ZLWK�FDQFHU�FHOOV��+RZHYHU��WKH�H[DFW�PHFKDQLVP�LV�
VWLOO�XQFOHDU��7KHUHIRUH��ZH�IRFXVHG�RQ�WKH�FURVVWDON�EHWZHHQ�FDQFHU�FHOOV�DQG�&$)V��DQG�
GLVFRYHUHG�WKDW�&$)V�ZHUH�WKH�PDLQ�VRXUFH�RI�7*)�ȕ���7UDQVZHOO�DVVD\�DQG�ZHVWHUQ�EORW�
DVVD\� IXUWKHU� SURYHG� WKDW� &$)� DFWLYDWHG� 7*)�ȕ��6PDG� SDWKZD\� WR� SURPRWH� 26&&�
LQYDVLRQ��7KURXJK�VXUYLYDO�DQDO\VLV�XVLQJ�7&*$�GDWDVHWV�FRQWDLQLQJ�QHDUO\�����26&&�
VDPSOHV��ZH�FRQILUPHG�WKDW�&$)�RYHUH[SUHVVLRQ�LV�FRUUHODWHG�ZLWK�SRRU�RYHUDOO�VXUYLYDO�
LQ�26&&��7R�IXUWKHU�HOXFLGDWH�WKH�RULJLQ�DQG�UROH�RI�&$)�LQ�26&&��ZH�DQDO\]HG�VLQJOH�
FHOO�51$�VHTXHQFLQJ�GDWD�RQ�IRXU�26&&�WXPRU�VDPSOHV�DQG�LGHQWLILHG�HLJKW�GLVWLQFW�FHOO�
W\SHV� LQFOXGLQJ� &$)� LQ� 70(�� LQGLFDWLQJ� KLJK� LQWUD�WXPRUDO� KHWHURJHQHLW\�� 7KHQ� WZR�
VXEW\SHV�RI�&$)��QDPHO\�P\RILEUREODVW��P&$)��DQG�LQIODPPDWRU\�&$)��L&$)���ZHUH�
IXUWKHU� GLVWLQJXLVKHG� EDVHG� RQ� VSHFLILF�PDUNHU� JHQHV��:H� IRXQG� WKDW� DOWKRXJK�P&$)�
VKRZHG� KLJKHU� SRUWLRQ�� L&$)� XSUHJXODWHG� VLJQLILFDQWO\� ERWK� LQ� VWDJH� ,9� VDPSOHV� DQG�
PDOLJQDQW�WLVVXHV��LQGLFDWLQJ�WKDW�L&$)�PD\�SOD\�D�NH\�UROH�LQ�26&&�SURJUHVVLRQ��%DVHG�
RQ� WKH� GLIIHUHQWLDOO\� XSUHJXODWHG� JHQHV� RI� &$)�� *2� DQG� .(**� HQULFKPHQW� DQDO\VLV�
UHYHDOHG�WKDW�UHFHSWRU�OLJDQG�DFWLYLW\�DQG�IRFDO�DGKHVLRQ�ZHUH�VLJQLILFDQWO\�HQULFKHG�LQ�
L&$)� DQG� P&$)� UHVSHFWLYHO\�� UHYHDOLQJ� WKHLU� GLIIHUHQW� UROHV� LQ� 26&&� SURJUHVVLRQ��
)XUWKHUPRUH�� WKH� JHQH� H[SUHVVLRQ� SDWWHUQ� G\QDPLFDOO\� DOWHUHG� DFURVV� SVHXGRWLPH��
SRWHQWLDOO\�WDNLQJ�SDUW�LQ�WKH�WUDQVIRUPDWLRQ�IURP�HSLWKHOLDO�WR�P&$)�RU�L&$)�WKURXJK�
HSLWKHOLDO� WR� PHVHQFK\PDO� WUDQVLWLRQ� �(07��� 7KHVH� UHVXOWV� FRXOG� KHOS� HOXFLGDWH� WKH�
SURWXPRU�PHFKDQLVPV�RI�&$)V��ZKLFK�PD\�SURYLGH�GHHS�LQVLJKW�LQWR�GUXJ�GLVFRYHU\� 
 
6KRUW�&9��6KXQKDR�=KDQJ�LV�DQ�XQGHUJUDGXDWH�LQ�:HVW�&KLQD�6FKRRO�
RI�6WRPDWRORJ\��6LFKXDQ�8QLYHUVLW\��+H�KDV�SXEOLVKHG�WZR�6&,�SDSHU�
LQ�VFLHQWLILF�MRXUQDOV�LQFOXGLQJ�&HOO�3UROLIHUDWLRQ�DQG�0LFURELDO�&HOO�
)DFWRULHV��,Q�DGGLWLRQ��KH�KDV�SUHVHQWHG�D�VFLHQWLILF�SRVWHU�LQ�WKH���WK�
1DWLRQDO�$FDGHPLF�&RQIHUHQFH� RQ�2UDO� DQG�0D[LOORIDFLDO� 6XUJHU\��
&XUUHQWO\�� KH� LV� FRQGXFWLQJ� UHVHDUFK� RQ� RUDO� DQG� PD[LOORIDFLDO�
RQFRORJ\� LQ� 6WDWH� .H\� /DERUDWRU\� RI� 2UDO� 'LVHDVH� DW� 6LFKXDQ�
8QLYHUVLW\�XQGHU�WKH�VXSHUYLVLRQ�RI�'U��:HQELQ�<DQJ� 
 
5HVHDUFK�LQWHUHVW��2UDO�DQG�PD[LOORIDFLDO�RQFRORJ\ 
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Oral Phenotype of Singleton-Merten: A Case Report 
 
M. Riou1,2,3, M. de La Dure-Molla1,2,4, S. Kerner1,2,3, S. Rondeau5, A. Legendre6, V. Cormier-
Daire4, B. Fournier1,2,3 
 
1 Universite de Paris, Dental Faculty Garanciere. Paris, France. 
2 Reference Center of Oral and Dental Rare Diseases. Hôpital Rothschild, Odontology Department, APHP, Paris, 
France. 
3 Centre de Recherche des Cordeliers, Universite de Paris, Sorbonne Universite, INSERM UMRS 1138, Molecular 
Oral Pathophysiology, Paris, France 
4 Universite de Paris, INSERM UMR_S1163: Molecular and Physiopathological basis of osteochondrodysplasia, 
Institut Imagine, Paris, France.  
5 Department of Genetics, Necker Enfants Malades Hospital, Paris Descartes-Sorbonne Paris Cité University, 
Paris, France 
6 Laboratoire de biologie médicale multisites Seqoia ± FMG2025, Paris, France 
 
Background: Singleton-Merten syndrome is a rare autosomal dominant disorder with blood 
vessels calcifications, teeth anomalies and bone defects.  
Aim: We aim to describe the oral features of a Singleton-Merten patient, the diagnosis and the 
treatment he received. 

Results: A 10-years-old patient presented at the pediatric dentistry department for a permanent 
tooth pulpitis. We followed him for numerous carious lesions, severe teeth malposition 
especially in the anterior arch, and oral hygiene deficiency with a 100% plaque index, 
associated with dental and jawbones anomalies The X-ray did not show any dental agenesis but 
revealed short roots and a decrease of the alveolar bone height. In order to investigate the 
diagnosis, he was referred to the Reference Center of Rare Oral and Dental Diseases. We 

observed dysmorphic facial features, fine and space hair, a trigonocephaly with triangular face, 
discrete hypertelorism, long arched eyebrow and low set-ears. He also presented muscle 
weakness, cutaneous xerosis and ophthalmologic glaucoma, without intellectual disability. 
Whole genome sequencing analysis revealed a heterozygous de novo variant in IFIH1 
(NM_022168.4) c.2465G>A (p.Arg822Gln) and confirmed a Singleton-Merten syndrome. We 

carried out the necessary health education and care, a partial denture replaced the hopeless teeth 
and maintained the vertical dimension.  
Conclusions: Few descriptions of oral features occurred in literature between congenital 
ILQGLQJV�DQG�³DFTXLUHG´�pathologies, such as missing teeth. The oral phenotype of these patients 
remains insufficiently described, while it may contribute to diagnosis. Early diagnosis may 

prevent delayed teeth loss and improve quality of life.           
 
 
Margot RIOU 
Email: margot.riou@aphp.fr 

Research interest: Oral and Facial Rare Disease 
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&OLQLFDO�$QDO\VLV�RI�WKH�5HODWLRQVKLS�EHWZHHQ�7HPSRURPDQGLEXODU�

-RLQW�'LVRUGHUV�DQG�2UDO�,DWURJHQLF�)DFWRUV�
;LQJWRQJ�0X��%DR[LQ�)DQ��-XDQ�=KDQJ�

>$EVWUDFW@� 2EMHFWLYH�� 7R� VWXG\� WKH� UHODWLRQVKLS� EHWZHHQ� LDWURJHQLF� IDFWRUV� DQG�
WHPSRURPDQGLEXODU�GLVRUGHUV��0HWKRGV��7KLV�LV�D�UHWURVSHFWLYH�DQDO\VLV�RI�SDWLHQWV�LQ�WKH�
WHPSRURPDQGLEXODU�MRLQW�FOLQLF�RI�6WRPDWRORJLFDO�+RVSLWDO�RI�7LDQMLQ�0HGLFDO�8QLYHUVLW\�
IURP�-XQH������WR�-XO\�������$PRQJ�WKHP������SDWLHQWV�KDG�70'�V\PSWRPV�DIWHU�RUDO�
WUHDWPHQW�� 'HVFULSWLYH� VWDWLVWLFV� ZHUH� PDGH� RQ� WKH� SUHYLRXV� PHGLFDO� UHFRUGV� RI� WKHVH�
SDWLHQWV��5HVXOW��$PRQJ�WKH�����PHGLFDO�UHFRUGV�LQFOXGHG��WKHUH�ZHUH�����IHPDOH�SDWLHQWV�
��������DQG�����PDOH�SDWLHQWV����������<RXWK�IHPDOH�DFFRXQWHG�IRU�WKH�ODUJHVW�SURSRUWLRQ��
7KH� QXPEHU� RI� SDWLHQWV� DIWHU� RUWKRGRQWLF� WUHDWPHQW� LV� WKH� ODUJHVW�� 2WKHU� WKHUDSHXWLF�
PHDVXUHV�VXFK�DV�URRW�FDQDO�WKHUDS\�DQG�WRRWK�H[WUDFWLRQ�DUH�DOVR�ULVN�IDFWRUV�IRU�70'��
7KH�SDWLHQWV�PDLQO\�GHYHORSHG�IDFLDO�DV\PPHWU\��MRLQW�SDLQ�DQG�MRLQW�QRLVH��7KH�QXPEHU�
RI�SDWLHQWV�ZKR�FDPH�WR�RXU�GHSDUWPHQW�GXH�WR�70'�V\PSWRPV�DIWHU�RUDO�WUHDWPHQW�WHQGHG�
WR�LQFUHDVH�\HDU�E\�\HDU��5�� ��������3� ���������&RQFOXVLRQ��,DWURJHQLF�IDFWRUV�PD\�EH�
RQH�RI�WKH�ULVN�IDFWRUV�RI�70'��2UDO�FOLQLFLDQV�VKRXOG�WDNH�DFWLYH�LQWHUYHQWLRQV�WR�SUHYHQW�
WKH�RFFXUUHQFH�RI�70'��
&RUUHVSRQGLQJ�DXWKRU��-XDQ�=KDQJ��NT]KDQJMXDQ#����FRP�

�

�

�

;LQJWRQJ� 0X�� XQGHUJUDGXDWH� FRXUVH� �WK� \HDU�� 6FKRRO� RI�
6WRPDWRORJ\��7LDQMLQ�0HGLFDO�8QLYHUVLW\��VWXGLHV�XQGHU�-XDQ�
=KDQJ� VSHFLDOL]LQJ� LQ� VWXG\� RI� WHPSRURPDQGLEXODU�GLVHDVHV�
DQG�RFFOXVLRQ��

%DR[LQ�)DQ��PDVWHU�FRXUVH��VW�\HDU��6FKRRO�RI�6WRPDWRORJ\��
7LDQMLQ� 0HGLFDO� 8QLYHUVLW\�� VWXGLHV� XQGHU� -XDQ� =KDQJ�
VSHFLDOL]LQJ� LQ� VWXG\� RI� WHPSRURPDQGLEXODU� GLVHDVHV� DQG�
RFFOXVLRQ��

-XDQ�=KDQJ��GHSXW\�FKLHI�SK\VLFLDQ�DQG�PDVWHU�VXSHUYLVRU�RI�
6WRPDWRORJLFDO�+RVSLWDO�RI�7LDQMLQ�0HGLFDO�8QLYHUVLW\��GRFWRU�
RI�6XQ�<DW�VHQ�8QLYHUVLW\�DQG�SRVWGRFWRUDO�IHOORZ�RI�3HNLQJ�
8QLYHUVLW\�� PHPEHU� RI� &KLQHVH� 6WRPDWRORJLFDO�$VVRFLDWLRQ��
70'� DQG� 2FFOXVLRQ� &RPPLWWHH�� VSHFLDOL]HV� LQ� VWXG\� RI�
WHPSRURPDQGLEXODU�GLVHDVHV�DQG�RFFOXVLRQ�� �

【】‘
P4-5



Research intere   : Prosthodontics   
 

PERSONALIZED COMPLETE DENTURE: THE USE OF 
SEMIADJUSTABLE ARTICULATOR FOR FLAT RIDGE (A CASE 

REPORT) 
Muhammad Dimas Aditya Ari1*, Ratri Maya Sitalaksmi1, Michael Josef Kridanto 

Kamadjaja1, Meinar Nur Ashrin2 
1Department of Prosthodontics, Faculty of Dental Medicine, Universitas Airlangga, Surabaya, Indonesia 
2Prosthodontics Resident, Faculty of Dental Medicine, Universitas Airlangga, Surabaya, Indonesia 
* Corresponding Author e-mail : dimasadityadrg@fkg.unair.ac.id 
 
ABSTRACT 
Background: The process of post-extraction alveolar bone resorption is an unavoidable 
phenomenon and can increase with poor denture fabrication. The use of semi-adjustable 
articulators can produce dentures with personal occlusion and articulation of the patient 
so as to increase SDWLHQW¶V� comfort.  Objective: To explain the case management of 
complete edentulous flat ridge using a semi-adjustable articulator. Case Report: A 
female 69 years old patient, came with the chief complaint to replace the old complete 
denture made by an illegal street dentist because it was uncomfortable and currently 
unusable. There was a flat ridge in the left posterior region of the mandible. Case 
Management: The complete denture was made using a semi-adjustable articulator. 
Preliminary bite registration was performed with a centric tray with a facebow transfer 
as a mounting aid to the articulator. Individual trays equipped with bite rims mounts 
were made to perform functional impression using an close mouth suction effective 
methods with polyvinyl siloxane material and followed by intraoral gothic arch tracing. 
A bite record and facebow transfer then performed as a guide for mounting on the 
articulator. The arrangement of the teeth was carried out using a 2D setting up template 
and a complete denture wax trial was carried out. After that, contouring, acrylic 
processing and polishing were carried out on the complete denture. Correction of the 
occlusion was performed in the patient, then insertion of complete denture and aftercare 
education was explained to the patient. Conclusion: Fabrication of complete dentures 
using a semi-adjustable articulator produces an optimal dentures and increases patient 
satisfaction. 
Keywords: complete denture, flat ridge, semiadjustable articulator. 
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Intraosseous Venous Malformation of the Zygoma:  

Cases Report and Literature Review 
 
 
 Abstract: Objective: intraosseous venous malformation (IVM) of the zygoma is 
comparatively rare, and their clinical and radiological features, as well as treatment 
modalities, had not been comprehensively reviewed nor well established. Method: 4 cases 
from our hospital were pathologically diagnosed as IVM in zygoma, and literature 
research recognized another 58 cases. Clinical manifestation, radiological features and 
treatment methods were carefully reviewed and summarized. Result: Zygomatic IVMs 
occured more often in women and the mid-age. These lesions were usually asymptomatic 
and were round and well-defined with radiated, honeycomb, spongious, or dendritic 
patterns inside on CT imaging. We also reported a cone-beam computed tomography 
(CBCT) scan of this lesion, showing its fine internal dendritic structure with high 
resolution. En-bloc excision or resection could gain a satisfactory outcome, which was 
regarded as the best option of treatment. Methods of reconstruction were diverse and 
recently alloplastic material has been reported as the commonly used filling material. 
Conclusion: Zygomatic IVMs are rare but they are the most common vascular 
malformations of the zygoma, which have some common clinical and radiological 
features. Those features can facilitate clinicians and radiologists to make accurate 
diagnosis and then to achieve optimal treatment. 
 
Author: Zelin Ye, Meng You, Guangning Zheng 
 
Zelin Ye, graduated student of West China School of Stomatology, Sichuan University, majoring in 
dental and maxillofacial radiology. 

 

【】‘
P4-7



Training Gadget with force visualization system as a learning tool of 
periodontal treatment 

  
Keiju ASHIDA1, Naoko TANDA2, Risa ISHIKO3, Mina DODO2, Tubasa KATO2, 

Kasumi TAKEMOTO2, Mana IGARI3, and Takeyoshi KOSEKI3 
 

1Tohoku University School of Dentistry, Fourth Grade Dental Student 
2Tohoku University Hospital, Clinics of Oral Supportive Care and Management. 

3Tohoku University Graduate School of Dentistry, Division of Preventive Dentistry 
 

Contact Address: yobou@dent.tohoku.ac.jp 
 
Introduction:  It requires sophisticated and delicate hand instrumentation technique 
for the treatments of dental caries and periodontal diseases, then, students need adequate 
and intensive training to get a grasp of sensitive manipulation. For example, complete 
removal of subgingival calculus and microbial deposits from root surfaces is one of the 
essential skills for successful periodontal treatments.  To learn these clinical skills of 
scaling and root plaining (SRP) efficiently and effectively, we developed the Training 
Gadget as a learning tool of periodontal treatment with the force-visibility of hand 
instrumentation.  In this report, we described the developed Training Gadget, and 
discuss the application in professional skills training. 
Materials and Methods:  For developing this education systems, we tried to visualize 
the invisible force against the target tooth applied by the trainee’s manipulation.  The 
model tooth (A2ARA-777, Nissin Co.Ltd) which connected to the 3D force sensors, 
were embedded into the top of Training Gadget.  Output signals were processed with 
instrumentation amp and analog-digital converter, then the force data were transmitted 
to host computer or smartphone through USB connection.  For display the force of 
manipulation, we used the game engine, Unity 2018.3.0f2 provided by Unity 
Technologies.  Three dental students, who just started the clinical course of SRP, 
performed the SRP manipulation by using this Training Gadget, and described the 
impression of this learning system. 
Results and Discussion: All students used this Training Gadget agreed with the 
usefulness for the beginners to understand the tactile sense of SRP, and mentioned the 
possibility to enlarge the learning opportunity as a remote education system.  Using the 
visually appealing technologies of virtual reality, we are able to observe the force 
applied to the model tooth from various directions in real time operation.  In the world 
during the current Corona pandemic, this Training Gadget would provide one of the 
solutions in the remote education system of manipulation skills of dental practice. 
 
 
Keiju ASHIDA 
The 4th grade dental student, Tohoku University School of Dentistry. 
Research interest: Development of the tools to improve dental clinical 
skills; I assembled this learning tool with professor Koseki. I and 2 
other 4th grade students participated in the practice of SRP technique 
with this completed Training Gadget. 
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SITUATIONAL AWARENESS ANALYSIS OF DENTAL 
STUDENTS DURING COVID-19 PANDEMIC IN DENTAL 

HOSPITAL UNIVERSITAS AIRLANGGA 
 

Vankalayya Yastriza Dayusmara1, Andra Rizqiawan2, Muhammad Subhan Amir2 
 

1 Undergraduate Student of Faculty of Dental Medicine, Universitas Airlangga 
2 Departement of Oral and Maxillofacial Surgery, faculty of dental medicine, 

Universitas Airlangga 
 

Abstract: 
Background: Covid-19 pandemic has affected dental practice due to high risk of virus 
exposure, including to dental medicine students. Spread control of Covid-19 virus during 
dental procedure can be done with several modification such as usage of Personal 
Protective Equipment (PPE), extraoral suction tool, and room modification into negative 
pressure. These changes require good perception, comprehension, and projection skills 
from dental students when carrying out clinical learning, which can be assessed as 
situational awareness. Purpose: We aim to analyze situational awareness in dental 
students of Faculty of Dental Medicine Universitas Airlangga during Covid-19 pandemic. 
Method: We conducted data collection with Quantitative Analysis of situational 
awareness (QUASA) questionnaire to final year pre-clinical dental students and clinical 
dental students of Faculty of Dental Medicine Universitas Airlangga. Result: Clinical 
students have higher situational awareness value than pre-clinical students with total 
score of 50,5% and 46,63% respectively. Conclusion: Situational awareness of clinical 
dental students are better than pre-clinical dental students. 
Keywords : Covid-19 pandemic, dental students, Situation Awareness, room with 
negative pressure. 
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from Faculty of Dental Medicine, Universitas Airlangga, Indonesia. 
I joined a faculty organization and continue to participate in an 
internship program regarding community development and 
dedication with the role of design division. I'm currently at the final 
year of pre-clinical stage and finishing my thesis regarding 
situational awareness under supervision of Dr. Andra and Dr. 
Muhammad Subhan Amir from Department of Oral and 
Maxillofacial Surgery. 
 

【】‘
P4-9



Name: Chang Shu 
Affiliation: Department of periodontology, Peking University 
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Research and Development of Virtual Simulation in Pre-clinical 

Periodontal Training 
Chang Shu, Jianxia Hou 

  Periodontitis, one of the most prevalent 
diseases, is regarded as the most common 
reasons for tooth loss. Clinical skills of 
periodontics like probing, scaling and root 
planing are of high technical sensitivity, 
which indicates that repetitive training is a 
must for medical students. Traditionally, 
phantom head with artificial or extracted 
teeth, and pig jaws are used for pre-clinical 
periodontal training. However, the 
availability, physical properties (such as 
stiffness and friction), cost, and ethics are 
some of the major problems of the existing training methods. Practicing on live 
patients is much more effective, while exposing the patients to high risk due to the 
insufficient training. In recent years, haptic-enhanced VR simulation is proposed as an 
alternative methodology to provide the sensorimotor training needed as part of the 
dental curriculum. Here, we developed a commercial VR system, UnidentalⓇ, which 
establishes a VR-based periodontal skill training circumstances by integrating 
mechanical and visual display. It reproduces the feeling and information of dental 
operation on real teeth and periodontal tissue and can help with the repetitive training 
of probing, scaling, root planing and basic periodontal surgeries. Thus, it is a good 
supplement to the traditional pre-clinical periodontal training. However, there is 
several problems for the large-scale application. How to evaluate the training effect of 
these simulators, whether these simulators truly promoted the skills remain unclear. 
More researches on this innovative training method are needed for further 
development of the VR training system, and the improvement of pre-clinical 
periodontal training. 
 
x 
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5HVHDUFK�W\SH�&OLQLFDO�0HGLFDO�6WXGHQW�7UDLQLQJ�5HVHDUFK

3UHVHQWLQJ�$XWKRU�;LQ�/LQJ
3URIHVVLRQDO�7LWOH��3RVWJUDGXDWH�6WXGHQW

:RUN�8QLW�6FKRRO�RI�VWRPDWRORJ\��:XKDQ�8QLYHUVLW\

�6KRUW�&9��;LQ�/LQJ��D�VHFRQG�\HDU�JUDGXDWH�VWXGHQW�LQ�GHQWLVWU\�DQG�HQGRGRQWLFV��6FKRRO�RI�
6WRPDWRORJ\��:XKDQ�8QLYHUVLW\��LV�LQYROYHG�LQ�D�JUDGXDWH�DQG�XQGHUJUDGXDWH�WHDFKLQJ�DQG�
UHVHDUFK�SURMHFW�
5HVHDUFK�LQWHUHVW�HGXFDWLRQ�WHDFKLQJ�
$EVWUDFW�������
��������7KH�GHYHORSPHQW�RI�PHGLFLQH�LV�WKH�UHVXOW�RI�SUREOHP�RULHQWHG�UHVHDUFK�DQG�
WUDQVIRUPDWLRQ�,W�LV�SURGXFHG�DQG�GHYHORSHG�LQ�WKH�ORQJ�WHUP�VWUXJJOH�DJDLQVW�GLVHDVH��DQG�LW�
LV�DOVR�WKH�UHVXOW�RI�UHVHDUFK�DQG�WUDQVIRUPDWLRQ�RQ�FOLQLFDO�SUREOHPV�&OLQLFLDQV�DUH�WKH�PDLQ�
DQG�NH\�UROH�LQ�GLVFRYHULQJ�FOLQLFDO�SUREOHPV��FRDJXODWLRQ�VFLHQWLILF�SUREOHPV��UHVHDUFK�DQG�
SUREOHP�VROYLQJ�7DNLQJ�D�FOLQLFDO�SUREOHP�RULHQWHG�DSSURDFK�DQG�EXLOGLQJ�UHVHDUFK�RULHQWHG�
GLVFLSOLQHV�LV�WKH�QHHG�RI�PHGLFDO�GHYHORSPHQW�DQG�WKH�RQO\�ZD\�WR�LPSURYH�WKH�OHYHO�RI�
PHGLFDO�WHFKQRORJ\�
��������7KH�FOLQLFLDQ
V�DSSURDFK�WR�DQ\�SDWLHQW�LV�LWVHOI�SDUW�RI�WKH�UHVHDUFK�)LUVWO\��WR�EH�D�
UHVHDUFK�W\SH�FOLQLFDO�PHGLFDO�VWXGHQW��ZH�VKRXOG�JDLQ�ULFK�FOLQLFDO�H[SHULHQFH�DQG�WU\�WR�
FXOWLYDWH�RXU�DELOLW\�RI�WKLQNLQJ�LQ�VFLHQWLILF�UHVHDUFK�VR�WKDW�FDQ�ZH�GHILQH�RXU�GLUHFWLRQ�RI�
UHVHDUFK�,W¶V�YLWDO�WR�FKRRVH�D�DSSURSULDWH�UHVHDUFK�IRU�RQHVHOI�+RZ�WR�GHILQH�WKH�UHVHDUFK�
WKHPH�DQG�XQGHUVWDQG�WKH�IURQWLHU�GLUHFWLRQ�RI�FXUUHQW�UHVHDUFK�FDQ�EH�REWDLQHG�IURP�FOLQLFDO�
SUDFWLFH�ZLWK�WKH�WKLQNLQJ�WKDW�LV�JRRG�DW�ILQGLQJ�SUREOHPV��,Q�RUGHU�WR�FDUU\�RXW�WKH�UHVHDUFK�
VPRRWKO\��ZH�DOVR�QHHG�FRUUHVSRQGLQJ�WUDLQLQJ��VXFK�DV�WKH�OHDUQLQJ�RI�VWDWLVWLFV�DQG�WKH�
WUDLQLQJ�RI�EDVLF�ODERUDWRU\�VNLOOV�,Q�DGGLWLRQ��WKH�FXOWLYDWLRQ�RI�UHVHDUFK�RULHQWHG�FOLQLFDO�
PHGLFDO�VWXGHQWV�FDQQRW�EH�VHSDUDWHG�IURP�WKH�VXSSRUW�RI�KRVSLWDO�SODWIRUPV��DQG�
SURIHVVLRQDO�FOLQLFDO�UHVHDUFK�SODWIRUPV�DQG�KLJK�TXDOLW\�FOLQLFDO�UHVHDUFK�WHDPV�DUH�RI�YLWDO�
LPSRUWDQFH�
��������,Q�D�ZRUG��WKH�WUDLQLQJ�RI�UHVHDUFK�RULHQWHG�FOLQLFDO�PHGLFDO�VWXGHQWV�VKRXOG�EH�FDUULHG�
RXW�LQ�SURIHVVLRQDO�PHGLFDO�LQVWLWXWLRQV�ZLWK�ULFK�FOLQLFDO�UHVRXUFHV�DQG�UHVHDUFK�VWUHQJWK��DV�
ZHOO�DV�VWDQGDUGL]HG�WUDLQLQJ�TXDOLILFDWLRQV�

LGHQWLI\�WKH�
UHVHDUFK�GLUHFWLRQ

LGHQWLI\�WKH�
UHVHDUFK�GLUHFWLRQ

SURIHVVLRQDO�
WKHRU\�NQRZOHGJH

EDVLF�ODERUDWRU\�
VNLOOV

,GHQWLI\�FOLQLFDO�
SUREOHP
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Application of computer-aided technology in fiber post removal 
Pingping Cai1, Yingying Zhuo1, Jie Lin2, Zhiqiang Zheng2*    
1Fujian Medical University, 88 Jiaotong Road, Fuzhou, Fujian 350004, China 
2Department of Prosthodontics, School and Hospital of Stomatology, Fujian Medical University, 246 

Yangqiao Zhong Road, Fuzhou, Fujian, 350002, PR China. 

 

[Abstract] 

In recent years, fiber posts have gradually replaced metal posts and have been widely used in clinical 

practice. Its elastic modulus, outstanding aesthetic performance, and good bonding characteristics 

ensure the firm integration with dentin. But it also increases the difficulty of removing the fiber post. 

Clinically, the tooth that needs to remove the fiber post often has been prepared, it is difficult to judge 

the direction of the root and the fiber post through the crown, increase the risk of root deflection and 

perforation during removal. At present, the removal systems for fiber posts mainly include two types: 

microscope-assisted ultrasonic removal and mechanical drill bit removal. With the gradual 

development of “Guided endodontics” in the field of dental endodontics, it has promoted the 

development of computer-aided technology in the field of endodontics!dynamic navigation system 

and digital-guide technology are also used to remove the fiber post in the clinical. Compared with the 

traditional fiber post removal systems, the computer-aided removal methods are accurate, efficient, 

and minimally invasive. This article aims to introduce the clinical application, advantages and 

disadvantages of various fiber post removal methods, and analyze the clinical feasibility and accuracy 

of computer-aided technology in fiber post removal, so as to provide clinicians with relevant 

references. 
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The prediction of temporomandibular disorders with deep learning 
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2.Department of Orthodontics, Stomatological Hospital of Xi’an Jiaotong University, 
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3.School of Cybersecurity, Northwestern Polytechnical University, Xi'an, Shaanxi, 

P.R.China 

4.Lakehead University-Thunder Bay Regional Health Research Institute (TBRHRI), 

Thunder Bay P7B 5E1, Canada 

Background: Temporomandibular disorders (TMD) are one of the most common causes 

for orofacial pain and also have the potential to generate chronic pain. The etiology of 

TMD is still unclear, and its symptoms, signs and progression are extremely complex. 

TMD require early diagnosis and treatments, especially for combinations with other oral 

diseases. This study aims to develop an artificial neural network (ANN) model for 

predicting TMD based on clinical-collected data including clinical features, systematic 

medical condition, and psychosocial state. 

Method: The popular data mining-based ANN was utilized to predict TMD with all 18 

variables collected from patients as the input. The total dataset consists of 88 cases which 

are reviewed by Board-certificated orthodontists. 75% (66) cases are randomly selected 

as the training dataset, while the remaining 25% (22) cases are for test.  
Results: Among the considered 88 cases, 58 (65.9%) were with TMD, while the left 30 

(34.1%) without TMD. The number of male and female are 21 and 67, respectively, with 

an average age of 27.63 years. The calculation results illustrated the average sensitivity 

and specificity of the ANN-based TMD risk prediction through 10-fold-cross-validation 

analysis were 92.31% (95% confidence interval (CI), 62.09%-99.60%) and 88.89% (95% 

CI, 50.67%-99.42%), respectively. Moreover, the accuracy of ANN was 90.91% (95% 

CI, 78.90%-100.00%).  
Conclusions: The results show the proposed ANN model could predict the TMD risks 

with a high accuracy rate, which indicate the potential of machine learning in oral and 

maxillofacial diseases screening and diagnosis. This study could provide dental care 

providers with a simple tool to find individuals’ risk of TMD based on patient’s 

psychological factors, oral examinations, and systemic medical conditions. 
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Diagnosis and Management of Dens Evaginatus and Dens Invaginatus in a 

single tooth: A case report 

Sukarawan W., Limsomwong P., Manosubsak N. 

Dens evaginatus is a developmental anomaly represented by the protrusion of the cusp arising 

from the occlusal surface of posterior teeth or the lingual surface of anterior teeth. 

Meanwhile, dens invaginatus is another type of developmental malformation characterized 

by the infolding of enamel, dentin with or without pulp within the crown of the tooth. Many 

case reports of dens evaginatus and dens invaginatus have been published, however, the 

occurrence of both anomalies in a single tooth is considerably rare. This case report presents 

a 7 years 1 month old, Asian girl who came for the regular recall visit without any chief 

complaint. The oral examination and periapical radiography revealed the concomitant of dens 

evaginatus and dens invaginatus in the left permanent maxillary lateral incisor. The 

projecting tubercle caused malocclusion and traumatic contact with the left primary 

mandibular canine. In addition, the invagination of enamel, dentin, and pulp which extended 

from the fissure along the tubercle downward into the root canal was observed from the 

radiograph. The complications of both anomalies might result in pulp infection and 

endodontic treatment, then the prophylaxis treatment plan was emphasized in this case. Since 

the root was developing with an open apex, the treatment goal was to prevent pulpal exposure 

and maintain the root formation. Reduction of tubercle to prevent the traumatic occlusion 

followed by the composite resin restoration and sealant for caries prevention were performed. 

Long-term follow-up is necessary for monitoring the complete root formation and 

maintaining optimum oral health to prevent unnecessary endodontic treatment in this patient. 
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Effect of drinking water after fluoride varnish application on saliva 
fluoride level 
Songsiripradubboon S., Jiraritthumrong K., Pakdeemeechai S., Ruangturakit V. 
 
Objective:  
To investigate the effect of water drinking after fluoride varnish application on the fluoride 
retention in the whole saliva. 
Materials and methods:  
This study used a randomized three-arm crossover design with 15 subjects. In each of the 
three arms, 0.5 mg of 5% sodium fluoride varnish was applied on all tooth surfaces. Subjects 
were randomly assigned into three conditions which are (1) drinking one glass of water after 
5 minutes, (2) after 30 minutes, and (3) after 2 hours following fluoride varnish application. 
A minimum of two weeks was allowed for a washout period between each trial arm. 
Unstimulated whole saliva was collected at baseline, 0, 15, 30 minutes, 1, 2, and 4 hours after 
fluoride varnish application. Fluoride ion was measured by an ion-specific electrode. 
Fluoride concentrations at each time point and area under the curve were determined. Data 
were analyzed using a one-way analysis of variance (repeated measured) at a significant level 
of 0.05. 
Results:  
The fluoride levels of all groups demonstrated the same pattern, with the peak of fluoride 
levels occurring at the immediately after applying. The fluoride levels significantly decreased 
at 15 minutes after application and continuously declined for 4 hours. After 4 hours, there 
was no significant difference in fluoride concentrations in saliva among three groups (p > 
0.05). 
Conclusion:  
Drinking water during 2 hours after fluoride varnish application does not affect salivary 
fluoride level at 4 hours after treatment. 
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The SEM-EDX analysis of artificial proximal enamel caries adjacent to an 
alkasite restorative material.  

Thipthida Theerarath 1, Wannakorn Sriarj 1 

1 Department of Pediatric Dentistry, Faculty of Dentistry, Chulalongkorn University, 
Bangkok, Thailand 

The aim of this study was to evaluate the topography of artificial proximal enamel caries 
adjacent to an alkasite restorative material. The enamel specimens obtained from human 
premolar teeth (n=15) were randomly assigned to three groups (n=5): artificial caries group, 
alkasite group (CentionN®), and control group (composite resin; FiltekTM Z350). Artificial 
enamel caries was formed in the enamel specimen. Only specimens in alkasite and control 
group were put in contact with proximal restorative materials, then subjected to pH-cycling 
for 7 days. All specimens were collected for surface evaluation using a scanning electron 
microscope (SEM). The fluoride content was analyzed using energy dispersive x-ray 
spectroscopy (EDX). The Student’s t-test was used to compare the difference in the 
percentage of fluoride content between groups (p<0.05). The SEM images of alkasite group 
indicated greater mineral deposition than the control group.  The mean fluoride content of 
the alkasite group increased significantly compared to the control (p<0.05). An alkasite 
restorative material significantly increased fluoride deposition on adjacent artificial enamel 
interproximal caries compared with a resin composite. 
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pH-responsive Antibacterial Monomers for the Inhibition of Dental Caries 
Jinou Liang1, 2, Jing Zou1, 2, Lei Cheng1, 3 

1.State Key Laboratory of Oral Diseases, National Clinical Research Center for Oral 
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2.Department of Pediatric Dentistry, West China Hospital of Stomatology, Sichuan 
University, Chengdu, China 

3.Department of Operative Dentistry and Endodontics, West China Hospital of 
Stomatology, Sichuan University, Chengdu, China 

Introduction: Anti-bacterial materials for the inhibition of dental caries have been 
researched for years. Yet, in recent years, more researchers have been focusing on 
materials that could help regulate oral micro-ecology instead of killing all the bacteria. 
pH-responsive intelligent materials that could only show antibacterial effect in acidic 
environment have shown great potential. Our group recently designed a novel kind of pH-
responsive tertiary amine monomer originally, dodecylmethylaminoethyl methacrylate 
(DMAEM), which could be protonated in acidic environment while deprotonated in the 
neutral one. Here, we investigated the impact of the monomers on oral biofilms and their 
anti-caries potential. Methods and Results: 6.25mg/mL and 12.5mg/mL DMAEM was 
used to treat Streptococcus mutans biofilms for 10min at different pH values. The results 
showed with the pH drop below pH7 the anti-biofilm effect of DMAEM increased 
significantly, which verified the pH-antibacterial effect. Then, DMAEM monomers were 
used to treat the biofilms with a repeated and short-time application mode like daily oral 
care for 48h (10min/12h). The test on the biofilms showed that DMAEM with this 
application mode could inhibit the biofilm viability and acid production. Saliva-derived 
biofilms were treated in the same way and the microbial diversity was tested by 16S rDNA 
test. The results demonstrated that after treatment the viability of the biofilms was 
decrease while the diversity was increased, which revealed DMAEM had the potential to 
regulate the oral diversity to a healthier one.  A rat dental caries model was also 
conducted and DMAEM monomers showed could good biocompatibility and 
significantly reduce the dental caries occurrence in rats. Conclusion: DMAEM 
monomers had pH-responsive anti-biofilm effect. With a repeated and short-time 
application mode, DMAEM showed significant anti-bacterial and anti-caries effect. It 
also demonstrated great potential to keep oral micro-eubiosis.  
Key words: pH-responsive, anti-bacterial, anti-caries, oral microecology, oral biofilm 
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Development of orthodontic wires for metal allergy patient using 

titanium nitride (TiN) plating. 

Authors: Arata Ito, Hideki Kitaura, Haruki Sugisawa, Takahiro Noguchi, Fumitoshi 
Ohori and Itaru Mizoguchi  
Affiliation: Division of Orthodontics and Dentofacial Orthopedics, Tohoku University 
Graduate School of Dentistry 
Abstract:  
Most of the orthodontic materials contain metal such as nickel (Ni) and cobalt (Co), which may 
release metal ions into the oral cavity, is a problem for the patients with metal allergies. Non-
metal orthodontic appliances such as plastic and ceramic brackets and elastomeric materials, have 
been clinically used and effective for the treatment of allergic patients. Concerning arch wire, 
only ȕ-Ti wire which contains no Ni are available. This material restrictions disturb establishment 
of proper force system in orthodontic treatment. To overcome this problem, it is necessary to 
modify the surfaces of orthodontic wires to prevent the release of metal ions into the oral 
environment. It has been reported that the release of metal ions from orthodontic wires was caused 
by lactic acid produced by caries-inducing bacteria and gastric acid, mainly hydrochloric acid, 
due to gastroesophageal reflux disease. The purpose of this study was to examine effect of plating 
of orthodontic wire with TiN on metal ion release from the wire in acid immersion and mechanical 
properties of the wire. To investigate the acid corrosion resistance of the wire, the amount 
of metal ions eluted from the wire immersed in acid was measured by using inductively 
coupled plasma mass spectrometry (ICP-MS), the properties of the wire surface were 
examined by scanning electron microscopy. TiN plating of orthodontic wires can inhibit 
acid-mediated corrosion, and reduce the elution of Ni ions from the wire surface. To 
investigate the mechanical properties of the TiN coated wire, the tensile strength and 
stiffness of SS wire were increased, although the orthodontic force of NiTi wire were 
slightly reduced, the super-elastic properties were not lost, and TiN coating reduced the 
friction force against the brackets. These results suggest that TiN plating for orthodontic 
wires may be useful for the orthodontic treatment of patients with metal allergies. 
Research interest 
TiN ion plating, Metal allergy, Orthodontic wire 
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Visualization and analysis of droplet dynamics 
at dental treatment situation 
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Objectives 
Aerosols and droplets generated during dental treatment have been implicated in the person-to-person 

transmission of viruses, and there is current interest in understanding the mechanisms responsible for 

the spread of Covid-19 by these means. There are few reports about the dynamics of droplets at each 

dental treatment and equipment to indicate the appropriate protection for dentists and dental assistants.  

 

Methods 
We evaluate the dynamics of droplets caused by using dental equipment (air turbine, ultrasonic device, 

and implant motor) to track the particle flow in the measurement range rendered visible in a 2D 

cross-section with a laser beam source, and the image was captured with a high-speed camera and 

analyzed with a software. The quantitative analysis was also performed with water sensitive recording 

papers and measurement of total mass pf droplets and droplets size around patient. 

 

Results 
Our data showed that implant motor was minimum generated device compared with air turbine and 

ultrasonic bone cutting device. And incisor area was higher risk for aerosol generation compared with 

molar region.  

 

Conclusions 
Our results suggest that implant surgery seems to be safer than general dentistry, such as using an air 

turbine. Moreover, in case of harvesting autologous bone for implant surgery, we consider that to 

prevent the spread of droplets by harvesting bone from the mandibular branch instead of the chin bone. 

Therefore, attention should be paid to minimize their use and select an appropriate device, especially 

during a pandemic by an airborne spreading agent. 
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Effect of computer-assisted design and manufacturing cutting and 

drilling guides accompanied with pre-bent titanium plates on the 

correction of skeletal class II malocclusion: a randomized controlled 

trial 
Liu ShiboˈLuo En 

Abstract  
This study was performed to assess the effect of correcting skeletal class II malocclusion 
based on the application of computer-assisted design and manufacturing (CAD/CAM) 
cutting and drilling guides accompanied with pre-bent titanium plates. Fifty patients with 
skeletal class II malocclusion were recruited into this prospective randomized controlled 
clinical trial and assigned to two groups. Patients underwent bilateral sagittal split ramus 
osteotomy directed by CAD/CAM cutting and drilling guides accompanied with pre-bent 
titanium plates (group A) or CAD/CAM splints (group B). Postoperative assessments 
were performed. Differences between the virtually simulated and postoperative models 
were measured. Patients in both groups had a satisfactory occlusion and appearance. More 
accurate repositioning of the proximal segment was found in group A than in group B 
when comparing linear and angular differences to reference planes; however, no 
significant difference was revealed for the distal segment. In conclusion, CAD/CAM 
cutting and drilling guides with pre-bent titanium plates can provide considerable surgical 
accuracy for the positional control of the proximal segments in bilateral sagittal split 
ramus osteotomy for the correction of skeletal class II deformities. 
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Unilateral Occlusal Reduction Induces Decreasing Articular Cartilage 
Thickness of Temporomandibular Joint (TMJ)  
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Abstract 

Background:  Unilateral occlusal reduction causes premature contact of the teeth.  As a 
result premature of contact can change the functional movement of the jaw, so that the 
occlusion becomes unbalanced, this will result in increased mechanical overloading on 
the temporomandibular joint. Mechanical overloading on TMJ could be induces articular 
cartilage damage of the TMJ. Objective:  Determine the effect of unilateral occlusal 
reduction on articular cartilage thickness of TMJ.  
Methods: Twenty Wistar rats (Rattus norvegicus) were divided into a control group and 
treatment groups. The treatment group showed by occlusal reduction of the right molar 
in mandible and maxillary, while the control group presented no occlusal reductions. 
Moreover, the treatment groups were decapitated based on the 7, 14, and 21 days of 
observation periods. Data were analyzed by Independent sample T test. 
 Results: Histological examinations showed that the condition of the temporomandibular 
joints on the left and right sides in the control group showed a good and thick shape of 
the articular disc and the treatment group showed a thin and severed articular disc layer. 
This study showed a significant difference in the thickness of the TMJ articular cartilage 
between the control and treatment groups (p<0.05).  
Conclusion: Unilateral occlusal reduction could be decreasing the articular cartilage 
thickness in TMJ. The articular cartilage thickness on the right side was thicker than the 
left side shown in the treatment groups on day 14 and day 21. 
 
Keywords: Unilateral occlusal reduction, Temporomanidbular Joint (TMJ), Articular 

Cartilage Thickness 
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Study of Programmed Co-axial Electrospun Injectable Nanofibers for 

Sequential Anti-tumor Treatment 
Liu Yao, He ZeˈJi HuanzhongˈLiu HanghangˈLuo En 

State Key Laboratory of Oral Diseases, National Clinical Research Center for Oral 

Diseases, Department of Oral & Maxillofacial Surgery, West China Hospital of 

Stomatology, Sichuan University, Chengdu, 610042, China1 

Maintaining the effective range, time, dose of the local chemotherapy drugs, and 

achieving minimally invasive and sequential therapy, are the focus of current research for 

drug delivery systems. In this study, an injectable nanofiber with a core-shell structure, 

constructed by coaxial electrospinning technology and ultrasonic oscillation technology, 

has different sequential releasing effects of hydroxycamptothecin (HCPT)and 

doxorubicin (DOX) for the local treatment of human lung cancer and salivary adenoid 

cystic carcinoma. Two kinds of programmed co-axial electrospun injectable nanofiber 

with a length of 10ȝm, a diameter of 552nm±44.5nm, and core-shell structure, were 

obtained as SF-HCPT/DOX (short fragment, core-DOX ˈ shell-HCPT) and SF-

DOX/HCPT (short fragment, core-HCPTˈshell-DOX), of which the drug in shell layer 

would be released quickly in the first five days and the drug in core layer would be 

released stably. The different programmed co-axial electrospun injectable nanofibers had 

different therapeutic effects for different tumors. In vitro, the obviously inhibitory effect 

of human adenoid cystic cancer cells appeared in 2ȝg/ml SF-DOX/HCPT, with smaller 

half inhibitory concentration. In vivo, similar therapeutic effect of SF-DOX/HCPT was 

observed on human adenoid cystic carcinoma. On contrary, the better efficacy of human 

lung cancer cells appeared in SF-HCPT/DOX. 

Utilizing co-axial electrospinning and ultrasonic oscillation methods, the 

programmed co-axial electrospun injectable nanofibers, micro/nano structured, were 

obtained with different sequentially releasing effects. The different sequentially releasing 

injectable nanofibers, carried chemotherapeutic drugs – HCPT and DOX, had different 

tumor inhibitory effects, suggesting that the injectable fibers obtained in this study can be 

used as an injectable drug delivery system for local sequence therapy of malignant tumors. 

CV 
Yao Liu, assistant researcher, lecturer, attending physician, 

visiting scholar of Tufts University School of Dentistry, Young 

Committee of the Oral and Maxillofacial Surgery Professional 

Committee and Committee of the Orthognathic and 

Temporomandibular Joint Surgery of the Sichuan Province 

Association of Stomatology, good at bone regeneration, digital 

surgery and other technologies; published more than 10 SCI 

papers as the first or other author, participated in the compilation 

of 1 monograph, presided over the National Natural Science 

Foundation of China and other scientific research projects. 
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The Translation from In Vitro Bioactive Ion Concentration Screening 

to In Vivo Application for Preventing Peri-implantitis 

 
Yinshi*, PHD, Xinquan Jiang#, Prof. 

Department of Prosthodontics, National Clinical Research Center for Oral Diseases, 
Shanghai Ninth People’s Hospital, College of Stomatology, Shanghai Jiao Tong 

University School of Medicine Shanghai 200011, China 
 

Peri-implantitis is a typical pathological condition characterized by the destructive 
inflammation in the soft tissue and the progressive loss of supporting bones. The use of 
biomaterials as carriers of bioactive ion coatings is a promising approach. However, 
determining the effective dosage of each ion to achieve an in vivo application of the in 
vitro screening is challenging. Here, we selected zinc and strontium ions to provide 
multiple effects on antibacterial activity and osteogenesis. The optimal coating with 
effective release concen-trations of the two ions was obtained after the two-step screening 
from in vitro testing. This type of in vivo bioactive ion usage leads to an enhanced 
osseointegration during the immediate implantation in a periodontitis-affected 
environment and prevents soft tissue inflammation and bone resorption in an 
inflammatory environment. The new biologically active ion screening method verify the 
effectiveness of this clinical translation and its potential for large-scale production and 
could determine the effective dosage of each ion for a specific application. 
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Minimally Invasive, Precise and Stable Technology of Digital Titanium 

Mesh-Assisted Bone Augmentation 
Songhang Li1, Xiaoxiao Cai1* 

1State Key Laboratory of Oral Diseases & National Clinical Research Center for Oral Diseases & 
Department of Implant dentistry, West China Hospital of Stomatology, Sichuan University, Chengdu, China. 

An adequate volume of bone all around the implant is critical to obtaining the long-
term success of implant therapy. Considered as one of the most successful methods 
applied for bone defect reconstruction, Guided Bone Regeneration (GBR) finds its wide 
application for augmenting bone volume around the implants reconstructed. Resorbable 
membranes are the most used membranes in GBR but due to their spatial instability, 
desired therapeutic effects cannot be achieved in most cases. In cases of non-resorbable 
membranes, typically titanium mesh, although they can maintain space stability, the 
incidence of complication attributable to their relatively stiff texture is high. Considering 
all those drawbacks and based on evidence-based medicine, bone augmentation has been 
conducted digitally in the bone defect site in accordance with the desired bone contour 
and digital titanium mesh has been completed with the 3D- printed jaw model. The 
prefabricated digital titanium mesh has significantly shortened the operation time and 
lessened the patient's pain. What’s more, it can also prevent the generation of ineffective 
bone augmentation, and greatly reduce the exposure rate of titanium mesh (exposure rate: 
9.52%). As for precision, digital titanium mesh-assisted bone augmentation achieves a 
precision of up to 95.82%. Besides, after one year of loading, the labial plate of the 
implant remained 2.12±1.04 mm, which is comparable to the initial design of digital 
titanium mesh-assisted bone augmentation. The stable osteogenesis space provided by 
the digital titanium mesh is also one of the strengths of this technology. At 6-8 months 
after surgery, the volume absorption percentage of bone grafts in the group of absorbable 
membranes reached 37.57% while in the group of digital titanium mesh group, the 
percentage stood only at 23.40%. In conclusion, the technology of digital titanium mesh-
assisted bone augmentation is minimally invasive, precise as well as stable. Going 
forward, such a technology may allow future bone augmentation to advance in the 
direction of precision and controllability. 

Short-CV: 
Songhang Li obtained master of medicine in implant dentistry 
from West China School of Stomatology Sichuan University in 
2020. He is currently pursuing doctor of medicine under the 
supervision of Prof. Xiaoxiao Cai. His research interests include 
digital bone augmentation and application of nanomedicine in the 
field of bone regeneration. His achievements related to digital 
bone augmentation triggered a heated discussion in an editorial of 
Clinical Implant Dentistry and Related Research. 
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+HUWZLJ¶V (SLWKHOLDO 5RRW 6KHDWK &HOOV &RPELQHG ZLWK 'HQWDO )ROOLFOH &HOOV

,QGXFH 3HULRGRQWDO 7LVVXH 5HJHQHUDWLRQ

3URI� :(,+8$ *82� KDV EHHQ OHDGLQJ WKH ZD\ RI KLV UHVHDUFK JURXS LQ WKH ILHOGV

RI LOOXVWUDWLQJ WKH PHFKDQLVP RI GHQWDO GHYHORSPHQW� XQGHUVWDQGLQJ DQG DSSO\LQJ

WKH RGRQWRJHQLF VWHP FHOOV WR DOO NLQGV RI FOLQLFDO GLVHDVHV ZKLFK PLJKW EH WDUJHWHG

DQG FXUHG E\ �ZLWK WKHP� FRQVWUXFWLQJ WKH WUHDWHG GHQWLQ PDWUL[�7'0��EDVHG

ELR�URRW DQG FRQGXFWLQJ LWV DSSOLFDWLRQ WULDOV LQ ELJ DQLPDO H[SHULPHQWV � DQG WKH

SUHYHQWLRQ DQG WUHDWPHQW H[SORUDWLRQ RI FKLOGUHQ DQG DGROHVFHQWV¶PDORFFOXVLRQ�

(�PDLO˖JXRZHLKXD������#����FRP

)(, %,� JUDGXDWH VWXGHQW HQUROOHG LQ

3URI� *XR¶V UHVHDUFK WHDP� KDV EHHQ

VWXG\LQJ WKH PHFKDQLVP DQG DSSOLFDWLRQ

RI RVWHRJHQLF�RGRQWRJHQLF DELOLW\ RI

+HUWZLJ¶V HSLWKHOLDO URRW VKHDWK�+(56�

FHOOV DQG HDUO\ RUWKRGRQWLFV LQ SHGLDWULF

GHQWLVWU\� (�PDLO �̟���������#TT�FRP

)HL %L� :HLKXD *XR
'HSDUWPHQW RI 3HGLDWULF 'HQWLVWU\� :HVW &KLQD 6FKRRO RI 6WRPDWRORJ\� 6LFKXDQ 8QLYHUVLW\� &KHQJGX� &KLQD�

3DWKRORJLFDO IDFWRUV VXFK DV RFFOXVDO KDUVKQHVV� GHQWDO FDOFXOXV ZLWK EDFWHULD DQG
V\VWHPLF GLVHDVHV PLJKW UHQGHU QRUPDO SHULRGRQWDO WLVVXH XQKHDOWK\� VKRZLQJ UHG DQG
VZROOHQ JLQJLYD� SHULRGRQWDO SRFNHW� DOYHRODU ERQH ORVV DQG HYHQ RXWHU DEVRUSWLRQ RI
WRRWK URRW� +HUWZLJÿ V HSLWKHOLDO URRW VKHDWK �+(56� FHOOV� IURP WKH SHUVSHFWLYH RI
QDWXUDO WRRWK URRW DQG SHULRGRQWDO GHYHORSPHQW� DUH DEOH WR LQGXFH GHQWDO IROOLFOH FHOOV
�')&V� WR GLIIHUHQWLDWH LQWR FHPHQWREODVW� RVWHREODVW DQG ILEUREODVW WR IRUP FHPHQW�
DOYHRODU ERQH DQG SDURGRQWLXP� 0HDQZKLOH� WKH YHU\ FHOOV DUH FDSDEOH RI UHQGHULQJ
WKHPVHOYHV GLIIHUHQWLDWLQJ LQWR FHPHQWREODVW YLD HSLWKHOLDO�PHVHQFK\PDO WUDQVLWLRQ DQG
FRQGXFW FHPHQW IRUPLQJ DQG RVVLILFDWLRQ SURFHVV�

7R GUDZ D FRQFOXVLRQ� +(56
FHOOV FRPELQHG ZLWK ')&V LQ WKH
H[SORUDWLRQ RI WLVVXH UHJHQHUDWLRQ
PLPLFLQJ WKH SK\VLRORJLFDO
GHYHORSPHQWDO SURFHVV RI FHPHQW�
ERQH DQG SHULRGRQWLXP IRUPDWLRQ
VXJJHVWV WKHLU HQRUPRXV SRWHQWLDO
WR WUHDWLQJ WKH VHYHUH SHULRGRQWDO
GDPDJH LQ FOLQLFDO SUDFWLFHV�

7KH LPPXQRIOXRUHVFHQFH ZDV SHUIRUPHG WR
LGHQWLI\ WKH HSLWKHOLDO FHOOV DQG PHVHQFK\PDO
FHOOV� $OL]DULQ UHG DVVD\� UHDO WLPH T3&5 DQG
:HVWHUQ EORW ZHUH FRQGXFWHG WR FRQILUP WKH
HQKDQFHG RVWHRJHQLF SRWHQWLDO RI KDUYHVWHG
+(56 FHOOV FRPELQHG LQ YLWUR� 7KH DQLPDO PRGHO
RI SHULRGRQWDO WLVVXH GHIHFW ZDV FRQVWUXFWHG DQG
WKH RXWFRPHV GLVSOD\HG H[WUDRUGLQDU\
UHJHQHUDWLYH HIIHFWLYHQHVV E\ DSSO\LQJ +(56
FHOOV FRPELQHG ZLWK ')&V LQ VLWX� WHVWLILHG E\
0LFUR�&7 DQDO\VLV DQG KLVWRORJLFDO VWDLQLQJ�
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Deformation assessment of the manually pre-bent titanium miniplates

in orthognathic surgery with finite element analysis

Li-Nan Liu, Jia-Yang Li, Ke-Han Li, Qiong-Hui Wu, Yao Liu, En Luo
State Key Laboratory of Oral Diseases & National Clinical Research Center for Oral

Diseases Dept. of Oral and Maxillofacial Surgery, West China Hospital of Stomatology,
Sichuan University, Chengdu, 610041, P.R. China

Abstract: This study summarized the literature regarding the application of pre-bent
titanium miniplates in orthognathic surgery and evaluated the extra deformation of the
manually pre-bent titanium miniplates via finite element analysis for acquiring higher
surgical accuracy. The literature was reviewed with a chart. Three models of titanium
miniplates with different thicknesses (1.0 mm, 0.8 mm, 0.6 mm) were created using
COMSOL Multiphysics software for biomechanical behavior analysis. The 3 models
were virtually bent into 5 angles (15 degree, 30 degree, 45 degree, 60 degree, 80 degree).
respectively to simulate the preoperative virtual bending, then to simulate the practical
manual bending via finite element analysis. The stresses and displacements of these
models were recorded. The models from virtual bending simulation and manual bending
simulation were registered to analyze the deviations. The results showed that the
maximum stress and the displacement deviations between the virtual bending models
and the manual bending models increased with the thickness and bending angle of the
pre-bent miniplate models. To improve the surgical accuracy, measures should be
applied to the manually pre-bent titanium miniplates to reduce the extra deformation
when the plate being thicker and the bending angle being larger.

Li-nan Liu received his bachelor’s degree from the medical college,
Dalian University in 2019. He is currently studying for a Master’s degree
in the West China School of Stomatology, Sichuan University. His
research mainly focuses on bone metabolism and the treatment of
dentomaxillofacial deformities.
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/LQ�� FRQWULEXWHV WR RGRQWRJHQLF GLIIHUHQWLDWLRQ RI GHQWDO SDSLOOD FHOOV

GXULQJ WRRWK GHYHORSPHQW
3HQJFKHQJ +H�� ;LQ =KRX�� /LZHL =KHQJ�

��6WDWH .H\ /DERUDWRU\ RI 2UDO 'LVHDVHV 	 1DWLRQDO &OLQLFDO 5HVHDUFK &HQWHU IRU 2UDO
'LVHDVHV 	 :HVW &KLQD 6FKRRO RI 6WRPDWRORJ\� 6LFKXDQ 8QLYHUVLW\� &KHQJGX� 6LFKXDQ�

&KLQD� ������
��6WDWH .H\ /DERUDWRU\ RI 2UDO 'LVHDVHV 	 1DWLRQDO &OLQLFDO 5HVHDUFK &HQWHU IRU 2UDO
'LVHDVHV 	 'HSW� RI 3HGLDWULF 'HQWLVWU\� :HVW &KLQD +RVSLWDO RI 6WRPDWRORJ\� 6LFKXDQ

8QLYHUVLW\� &KHQJGX� 6LFKXDQ� &KLQD� ������
 &RUUHVSRQGLQJ DXWKRU� /LZHL�]KHQJ#VFX�HGX�FQ

'HQWLQ IRUPDWLRQ LV DFKLHYHG E\ RGRQWREODVWV� D VSHFLDO W\SH RI WHUPLQDOO\ GLIIHUHQWLDWHG
FHOOV O\LQJ RQ WKH RXWHU ZDOO RI GHQWDO SXOSV� 7KH\ RULJLQDWH IURP GHQWDO SDSLOOD FHOOV DW
WKH ODWH EHOO VWDJH RI WRRWK GHYHORSPHQW� 7KH FHOO IDWH GHWHUPLQDWLRQ RI GHQWDO SDSLOOD
FHOOV LV UHVSRQVLEOH IRU JLYLQJ ULVH WR RGRQWREODVWV� ZKLFK LV D NH\ SURFHVV GXULQJ GHQWLQ
IRUPDWLRQ�
/LQ�� LV D FRQVHUYHG 51$ ELQGLQJ SURWHLQ LQ HXNDU\RWLF FHOOV� ,W KDV EHHQ XQYHLOHG WKDW
/LQ�� PDQLIHVWHG D VWURQJ UROH LQ RUJDQ GHYHORSPHQW DQG FHOO GLIIHUHQWLDWLRQ� +RZHYHU�
IHZ VWXGLHV KDYH SUREHG LQWR LWV H[SUHVVLRQ GXULQJ WRRWK GHYHORSPHQW�
%\ LPPXQRKLVWRFKHPLFDO VWDLQLQJ� ZH KDYH IRXQG WKDW /LQ�� VKRZHG VSHFLILF
H[SUHVVLRQ SDWWHUQ GXULQJ PRXVH ILUVW PRODU GHYHORSPHQW� /LQ�� VKRZHG FRQWLQXRXV
KLJK H[SUHVVLRQ LQ WKH HSLWKHOLXP IURP (���� WR 3�� /LQ�� ZDV DEVHQW LQ WKH GHQWDO
SDSLOOD DQG PHDQZKLOH ERRVWHG LQ WKH RGRQWREODVWV IURP (���� DQG RQ� /LQ��E� WKH
SDUDORJ RI /LQ��� ZDV QRW GHWHFWHG GXULQJ WRRWK GHYHORSPHQW� /LQ�� H[SUHVVLRQ OHYHO
GLG QRW FKDQJH GXULQJ LQ YLWUR RGRQWRJHQLF GLIIHUHQWLDWLRQ RI GHQWDO SDSLOOD FHOOV� %XW
RYHUH[SUHVVLRQ RI /LQ�� SURPRWHG RGRQWRJHQLF GLIIHUHQWLDWLRQ RI GHQWDO SDSLOOD FHOOV LQ
YLWUR�
7KH UHVXOWV UHYHDOHG /LQ��¶V SRWHQWLDO UROH LQ SURPRWLQJ GHQWDO SDSLOOD FHOOV¶ FHOO IDWH
GHWHUPLQDWLRQ WRZDUGV RGRQWREODVWV�

&9�
3HQJFKHQJ +H�
3RVWJUDGXDWH VWXGHQW DW 6WDWH .H\ /DERUDWRU\ RI 2UDO 'LVHDVHV 	 1DWLRQDO &OLQLFDO
5HVHDUFK &HQWHU IRU 2UDO 'LVHDVHV 	 :HVW &KLQD 6FKRRO RI 6WRPDWRORJ\� 6LFKXDQ
8QLYHUVLW\� ŚĞƉĞŶŐĐŚĞŶŐΛƐƚƵ͘ƐĐƵ͘ĞĚƵ͘ĐŶ
5HVHDUFK ,QWHUHVW� (SLJHQHWLF UHJXODWLRQ LQ WRRWK GHYHORSPHQW DQG WRRWK HUXSWLRQ�
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Intermittent compressive force regulates cell proliferation and 
osteogenic differentiation of mouse induced pluripotent stem cells 
 
Jeeranan Manokawinchoke 1,2, Phoonsuk Limraksasin1,2, Hiroko Okawa1,  

Prasit Pavasant 2, Hiroshi Egusa 1, Thanaphum Osathanon 2 
 

1 Division of Molecular and Regenerative Prosthodontics, Tohoku University Graduate 
School of Dentistry, Sendai, Miyagi, Japan  

2 Dental Stem Cell Biology Research Unit and Department of Anatomy, Faculty of 
Dentistry, Chulalongkorn University, Bangkok, Thailand 

 

 Mechanical force significantly contributes in the control of cell homeostasis, 
repair and regeneration. Induced pluripotent stem cells (iPSCs) have been proposed as an 

excellent cell source for regenerative medicine. However, the effect of force on iPSCs 
especially in osteogenic differentiation remains unidentified. This study aimed to 

investigate how intermittent compressive force (ICF) affect osteogenic differentiation of 
mouse iPSCs. Retinoic acid (RA)-treated iPSCs were subjected to ICF in serum-free 

culture medium for 24 hours. Expression of mRNA was investigated by real-time 
polymerase chain reaction (RT-PCR) and RNA sequencing analysis. In vitro 

mineralization was determined using alizarin red S staining. Gene expression profiles by 
RNA sequencing demonstrated that ICF regulated genes involved in various pathways, 

including cell cycle, p53 and osteogenic differentiation. Flow cytometry revealed that 
ICF induced cell cycle and proliferation, while decreased the number of apoptotic cells. 

In vitro mineralization was increased in ICF pretreated iPSCs. Moreover, ICF 

significantly enhanced expression of transforming growth factor b1 (Tgfb1) at both 

mRNA and protein levels, and pretreatment with a TGF-b inhibitor (SB431542) prior to 
ICF inhibited the upregulation of Ccnd1, Cdk6 and Runx2 expression. In conclusion, ICF 
promoted proliferation and osteogenic differentiation while decreased apoptosis in iPSCs 

probably occurred via TGF-b signaling. This knowledge would be beneficial in 
manipulate iPSCs for regenerative medicine. 
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  2014 Master of Science in Oral Biology,  
   Chulalongkorn University 
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   Department of Anatomy, Faculty of Dentistry,  
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Effect of implant placement depth on bone remodeling on implant- 
supported single zirconia abutment crown: A 3D finite element study 
 
Pongsakorn Poovarodom�, Chaiy Rungsiyakull2, Jarupol Suriyawanakul3,  
Qing Li4, Keiichi Sasaki5, Nobuhiro Yoda5, Pimduen Rungsiyakull�  
 
1Department of Prosthodontics, Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand; 
2Department of Mechanical Engineering, Faculty of Engineering, Chiang Mai University, Chiang Mai, 
Thailand;3Department of Mechanical Engineering, Faculty of Engineering, Khon Kaen University, Khon 
Kaen, Thailand;4School of Aerospace, Mechanical and Mechatronic Engineering, University of Sydney, 
Sydney, Australia;5Graduate School of Dentistry, Division of Prosthetic Dentistry, Division of Dental 
forensics and information; Tohoku University, Sendai, Japan; 

 
Abstract 
State of problem:�Subcrestal implant placement has been introduced to maintain peri-
implant bone level. However, there is still lack of information in exploring biomechanical 
effects of implant placement depth on bone remodeling. 
Purpose: This study aims to evaluate the influence of subcrestal implant placement depth 
on bone remodeling using time-dependent finite element analysis (FEA) with a bone 
remodeling algorithm over 12 months. 
Methods:�Seven models of different�subcrestal implant placement depth (0 mm, 0.5 mm, 
1 mm, 1.5 mm, 2 mm, 2.5 mm, 3 mm) were analyzed using FEA to evaluate the 
biomechanical responses in bone and implant, including von Mises equivalent stress, 
strain energy density (SED), and overloading elements. The SED was used to be a 
mechanical stimulus for simulating cortical and cancellous bone remodeling over the first 
12 months after final prosthesis delivery.  
Result: Highest increase in cortical bone density was observed in Model 1.5 mm, whereas 
the lowest was presented in Model 3 mm. In contrast, in the cancellous bone, Model 3 
mm had the highest increase in bone density, while Model 0 mm had the lowest. It was 
also found that the highest peak von Mises stress in cortical bone occurred in Model 2.5 
mm (107.24 MPa), while that in cancellous bone was in Models 2.5 mm (34.55 MPa) . 
Interestingly, the maximum von Mises stress values in cancellous bone exceed the natural 
limit of the bony material, indicating that the overloading elements was observed in 
Model 2 mm, 2.5 mm and 3 mm.  
Conclusion: The deeper the implant placement, the greater the bone density apposition. 
It is noted that the depth of the implant more than 1.5 mm exhibited the higher maximum 
von Mises stress and greater overloading elements.  
Clinical Implications: Dental implant placements should not exceed 2 mm apically. 
Subcrestal 1.5 mm implant placement is recommended as it clearly demonstrates rapid 
increase in cortical and cancellous bone density. 
 
Mr.Pongsakorn Poovarodom 
Education and Qualifications 
���� DDS. Khon Kaen University, Thailand.����� MSc in Prosthodontics Khon Kaen 
University, Thailand. Currently CMU Presidential Schoolarship PhD. Student, Oral 
Science Chiangmai University, Thailand 
Research Interests and Activities 
Prosthodontics, Digital Dentistry, Dental photography, Dental Implantology, 
Optimization, Finite element analysis, Biomechanics, Computer Aided Design (CAD) 
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SURGICAL OBTURATOR PROSTHESIS FOR POST-
HEMIMAXILLECTOMY PATIENT (A CASE REPORT) 
Karina Mundiratri1*, Agus Dahlan1, Harly Prabowo1, Sheila Naraya2 

1 Department of Prosthodontics, Faculty of Dental Medicine, Universitas Airlangga, Surabaya, Indonesia 
2 Prosthodontic Resident, Faculty of Dental Medicine, Universitas Airlangga, Surabaya, Indonesia 
* Corresponding Author e-mail : karinamundiratri@gmail.com 
 
 
ABSTRACT  
Background: One of the most frequent treatment for oral cancer is removal of the affected 
area with surgery, which can cause defect and cause difficulties in speech, swallow, and 
mastication. Surgical obturator inserted immediately after surgical can support soft tissue 
healing, minimize contractions of the wound, and promote rehabilitation of oral functions. 
Objective: This case report describe prosthodontic treatment of post hemimaxillectomy 
patient with surgical obturator. Case report: A 44 years old male patient was referred to 
Prosthodontic Specialist clinic by head and neck surgery department for a obturator before 
hemimaxillectomy surgery. The patient was diagnosed with oral squamous cell carcinoma of 
the hard palate. Management: Pre-operative impression was taken before surgery, and then 
the cast was sent to the surgeon to delineate area of resection. After that, the surgical obturator 
outline was made accordingly. After drawing the outline, the cast were reduced to obtain 
space as the defect will be after the surgery. Continue with the clasp fabrication, teeth 
arrangement, and packing the acrylic, then the process were finished after polishing the 
surgical obturator. The surgical obturator were inserted immediately after 
hemimaxillectomy. Continue with control post insertion to maintain patient’s oral health. 
Conclusion: Proper diagnosis and proper treatment planning will result in good 
rehabilitation of patient after the surgery and improve the patient’s quality of life. Surgical 
obturator also improve tissue healing progress, and minimize facial disfigurement. Surgical 
obturator can improve the rehabilitation process such as speaking, swallowing, and chewing 
food. Surgical obturator may have good physicological impact on patient after resection to 
restore the aesthetic appearence. 
Keywords : Hemimaxillectomy, surgical obturator, oral cancer 
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MgO/TCPP-Loaded PLGA Photodynamic Microspheres Enhance 
Fibroblast Activity to Treat Periodontitis 

Wanmeng Wanga,#, Yunjia Song a,#, Ying Li a,*, Changyi Li a,* 
a School of Dentistry, Stomatological Hospital, Tianjin Medical University, Tianjin, 
300070, People’s Republic of China 
# W.Wang and Y.Song contributed equally to this work. 
* Correspondence to yingli@tmu.edu.cn (Y. Li), lichangyi@tmu.edu.cn (C. Li). 
Abstract 
Periodontitis is a chronic immuno-inflammatory disease initiated and sustained by oral 
pathogenic bacteria, aggravated by host immune response, which results in loss of soft 
and hard tissue supporting the teeth. Scaling and root planning (SRP) combined with 
antibacterial, anti-inflammatory and tissue-regeneration-promoting drugs become a 
promising method to treat periodontitis. In the present work, poly (lactic-co-glycolic acid) 
(PLGA) microspheres were employed to load photosensitizer Tetrakis (4-carboxy-phenyl) 
porphyrin (TCPP) and magnesium oxide (MgO) nanoparticles, named as PMT. The 
established PMT is expected to exert antibacterial photodynamic therapy (aPDT) effect 
and promote tissue-regeneration for the treatment of periodontitis. Our results showed 
that under near infrared light irradiation, PMT produced reactive oxygen species due to 
the activated TCPP, killed periodontal pathogenic bacteria including F. nucleatum and P. 
gingivalis. In addition, controlled released of magnesium ions could facilitate 
proliferation and migration of fibroblasts. Moreover, animal experiment was performed 
to verify the in vivo effect of PMT. H&E staining revealed decreased inflammatory cells 
and increased bone regeneration in PMT group. Our study provides a promising strategy 
to fight periodontal diseases using a novel antibacterial and tissue-regeneration-
promoting drug. 
Profile: 
Name: Wanmeng Wang       Date of Birth: 1997.01        
Nationality: P.R.China        Major: Prosthodontics        
Emali: wangwanmeng@tmu.edu.cn  
Education Background: 
     Master: Tianjin Medical University (2019.09-Now) 
     Bachelor: Weifang Medical University (2014.09-2019.06) 
Research Publication: 
1. Wanmeng Wang, Ying Li*, Research progress of 3D printed porous implants materials 
to promote osseointegration, Chinese Journal of Geriatric Dentistry, 2021, 19(5): 306-311. 
2. Aobo Ma# , Yapeng You#, Bo Chen, Wanmeng Wang, Jialin Liu, Hui Qi, Yunkai 
Liang, Ying Li*, Changyi Li*. Icariin/Aspirin Composite Coating on TiO2 Nanotubes 
Surface Induce Immunomodulatory Effect of Macrophage and Improve Osteoblast 
Activity. Coatings, 2020, 10, 427.  
3. Tian Yujuan, Li Ying*, Liu Jialin, Lin Yi, Jiao Jian, Chen Bo, Wang Wanmeng, Wu 
Shuilin*, Li Changyi*, Photothermal therapy with regulated Nrf2/NF-țB signaling 
pathway for treating bacteria-induced periodontitis, Bioactive Materials; 2022, 9, 428-
445.  
4. Chinese invention patent漡Dental tray for impression-taking and the method of 
application ZL. 202111031240.4. 
Research Interest: nanoparticles and photodynamic drug for treating oral disease 
including periodontitis.  
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International Oral Health Seminar

Organoids in Clinical Dental Research
Keynote speaker: Yiming Chen

Abstract: Organoids refer to stem cell-derived in vitro models which are capable of
resembling the morphology and basic tissue level physiological functions of specific
organs. The advantage of organoid models are featured by both the convenience of
two-dimensional cell lines and the comprehensiveness of experimental animal models.
The capability to prod somatic cells into organoid models makes for a promising
approach to study human biology. As a consequence, the organoid model was entitled
as method of the year in 2017 by Nature Publishing Group.

Resumé
First Name: Yiming
Family Name: Chen
Gender: Male
Age: 26
School: Peking University School of Stomatology
Grade: second year graduate
Awards and Scholarships:
National Scholarship (2016, 2017, 2021)
Special Grade Scholarship (2018)
First Grade Scholarship (2019)
Future Medical Star Scholarship (2019)
Outstanding College Graduate Reward of Beijing (2020)
Outstanding College Graduate Reward of Peking Univsersity (2020)
Visitor Programs:
Asahi University and Meikai University, JST Sakura Science Program (2019)
School of Dentistry, Chung Shan Medical University (2019)
Prince Philip School of Dentistry, HongKong Univeristy (2018)
Research Interest:
My research project primarily focuses on oral stem cells and the application of
organoids in clinical study. On top of that, I am also interested in high throughput
detection means such as single cell RNA sequencing. The combination of these two
emerging methods may shed light on the study of complicated biological processes.

With regards to studies in stomatology, organoid models
of lingual papilla and squamous-cell carcinoma have
previously been established. The former serves as an
ideal platform for durg sensitivity tests, while the latter
provides a potential platform for personalized therapy. I
primarily focus on the application of organoid models in
drug toxicity tests. Currently, I am attempting to modify
the protocols of model construction. Afterwards, I will
mainly concentrate on developing an ideal platform
which provides standardized toxicity detection for drugs.
As an emerging method, organoid models possess a
promising future in the field of stomatology. Therefore, it
is legitimate to attach greater significance to organoids in
teaching and scientific research.

Nature
Method of the Year
2017
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AMPK activation orchestrated replicative senescence of PDLSCs  
Meilin Hu1#, Ruiqi Liu1#, Liangyu Xing1, Qiong Li1, Fan Liu1, Feng Gao1, Yan Shen1, Xinming 

Zhang1, Yuxin Cao1, Jian Gao1, Zhi Jia1, Dayong Liu1* 
*: Corresponding Author 

Abstract 

Periodontal ligament mesenchymal stem cells (PDLSCs) are a promising cell resource for 
cell-based regenerative medicine in dentistry. PDLSCs inevitably acquire a senescent 
phenotype after prolonged in vitro expansion, and the key regulators of cells during 
replicative senescence remain unclear. Herein, we cultured periodontal ligament stem cells 
to P20. β-galactosidase staining, cell scratch test, and qPCR were performed to confirm the 
occurrence of replicative senescence in PDLSCs during passaging. Three groups of cells at 
passage 4 (P4), passage 10 (P10), and passage 20 (P20) were collected for non-targeted 
metabolomics analysis. Metabonomic sequencing showed that the metabolism of replicative 
senescence in PDLSCs varied significantly. In particular, the content of fatty acid metabolites 
decreased with senescence, including capric acid, stearic acid, myristic acid, and dodecanoic 
acid. KEGG pathway analysis showed that the AMPK signaling pathway was closely related 
to AMP levels. The AMP:ATP ratio increased in senescent PDLSCs; however, the levels of 
phosphorylated AMPK and the profile of FOXO1 and FOXO3a, which are downstream of 
the AMPK signaling pathway, decreased with senescence. We treated PDLSCs with AICAR, 
an activator of the AMPK pathway, and the phosphorylated AMPK level at P20 PDLSCs was 
partially restored. In summary, our study suggests that the metabolic process of PDLSCs is 
active in the early stage of senescence, prefers to consume fatty acids, and is attenuated in 
the later stages of senescence. AMP accumulates in replicative senescent PDLSCs; however, 
the sensitivity of AMPK phosphorylation sites is impaired, causing senescent PDLSCs to fail 
to respond to changes in energy metabolism. Our findings provide a new basis for the clinical 
application of periodontal ligament stem cells. （support by National Natural Science 
Foundation of China, 82071079 ） 

Key Words: Mesenchymal Stem Cells；Senescence；Metabolomics,；Adenosine 
Monophosphate  
 
Liangyu Xing, M.D.S. Tianjin Medical University School of Stomatology, Doctoral 
degree candidate. E-Mail: xingliangyu0525@163.com 
Research interest: Her research interest focus on the molecular mechanisms of senescence 
and epigenetics, with a particular emphasis on the oral mesenchymal stem cells. 
Specifically, to study what role does replicative senescence of PDLSCs play in the clinical 
transformation of stem cells.  
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9LVXDOL]DWLRQ�VFRULQJ�EDVHG�HYDOXDWLRQ�RI�WRRWK�SUHSDUDWLRQ�
IRU�VNLOO�DVVHVVPHQW�E\�D[LDO�ZDOO�WDSHU�DQDO\VHV 

<��2NX\DPD����7��<DPDPRWR����-��'LQJQDQ����<��.DWVXGD����,��.XPD]DZD����
+��<RVKLRND����0��<DPDGD����+��(JXVD�� 

���'LYLVLRQ�RI�0ROHFXODU�DQG�5HJHQHUDWLYH�3URVWKRGRQWLFV��7RKRNX�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�'HQWLVWU\ 
���7RN\R�,QVWLWXWH�RI�7HFKQRORJ\��/DERUDWRU\�IRU�)XWXUH�,QWHUGLVFLSOLQDU\�5HVHDUFK�RI�6FLHQFH�DQG�7HFKQRORJ\ 

 
 

2EMHFWLYH��2EMHFWLYH�DVVHVVPHQW�PHWKRGV�IRU�WHFKQLFDO�VNLOOV�LQ�WKH�SUHSDUDWLRQ�RI�WHHWK�
IRU�FURZQV�DUH�VWLOO�QRW�ZHOO�HVWDEOLVKHG�LQ�GHQWDO�HGXFDWLRQ��:H�KDYH�GHYHORSHG�DQ�$,�
LPDJH� UHFRJQLWLRQ� V\VWHP� WR� DVVHVV� WRRWK� SUHSDUDWLRQ� VNLOOV�� $Q� DOJRULWKP� WKDW�
DXWRPDWLFDOO\�H[WUDFWV� WKH�FKDUDFWHULVWLFV�RI�DEXWPHQW� WHHWK� LV� UHTXLUHG� WR�HVWDEOLVK� WKH�
V\VWHP�� 7KH� SXUSRVH� RI� WKLV� VWXG\� ZDV� WR� GHWHUPLQH� WKH� DOJRULWKPV� WR� H[WUDFW�
FKDUDFWHULVWLFV�RI�DEXWPHQW�WHHWK�E\�QXPHULFDO�DQDO\VLV� 
0DWHULDO� DQG� 0HWKRGV�� )LUVW�� WKH� DOJRULWKP� IRU� H[WUDFWLQJ� WKH� PLQLPXP� SUDFWLFDO�
FRQYHUJHQFH� DQJOH� �WDSHU�� EHWZHHQ� D[LDO�ZDOOV�ZDV� YHULILHG��$� QRQ�SUHSDUHG� VWDQGDUG�
DUWLILFLDO�WRRWK�DQG����DUWLILFLDO�WHHWK�SUHSDUHG�E\��WK�JUDGH�XQGHUJUDGXDWH�VWXGHQWV�ZHUH�
VFDQQHG�RQ�D�SRVLWLRQLQJ�MLJ�WR�VWDQGDUGL]H�WKH�WKUHH�GLPHQVLRQDO���'��SRVLWLRQ��2Q�DQ�
RFFOXVDO� VXUIDFH� LQ� D� �'� LPDJH� RI� D� QRQ�SUHSDUHG� DUWLILFLDO� WRRWK�� EXFFROLQJXDO� DQG�
PHVLRGLVWDO�EDVHOLQHV�IRU�VDJLWWDO�DQG�FRURQDO�FURVV�VHFWLRQV�SDUDOOHO�WR�WKH�WRRWK�D[LV�ZHUH�
VHW�E\�FRQQHFWLQJ�EHWZHHQ�WKH�EXFFDO�DQG�OLQJXDO�FXVSV�DQG�EHWZHHQ�SLWV��UHVSHFWLYHO\�
�)LJ������2XWOLQHV�RI� HDFK�SUHSDUHG� WRRWK�RQ� WKH� VDJLWWDO� DQG�FRURQDO� FURVV�VHFWLRQV� LQ�
EDVHOLQHV�ZHUH�REWDLQHG��7R�GHULYH�DQ�DOJRULWKP�IRU�DXWRPDWLFDOO\�H[WUDFWLQJ�WKH�WDSHU��
EXFFROLQJXDO�DQG�PHVLRGLVWDO�WDSHUV�RI�HDFK�SUHSDUHG�WRRWK�ZHUH�TXDQWLILHG�E\�JHRPHWULF�
DQDO\VLV��  
5HVXOWV� DQG� 'LVFXVVLRQV�� 7KH� DOJRULWKP� GHULYHG� IURP� WKH� GLUHFWLRQDO� GHULYDWLYH�
FDOFXODWLRQ�RI�WKH�RXWOLQHV�RI�WKH����DEXWPHQW�WHHWK�UHFRJQL]HG�WDSHUV�DFFXUDWHO\�LQ�����
RXW�RI�����DEXWPHQW� WRRWK� VXUIDFHV� �������DFFXUDF\��� ,W� WHQGHG� WR�EH� OHVV� DFFXUDWH� LQ�
LPSURSHUO\�SUHSDUHG�WHHWK��)LJ����� 7KH�SURSRVHG�DOJRULWKP�WR�H[WUDFW�WKH�FKDUDFWHULVWLFV�
RI�DEXWPHQW�WHHWK�ZLWK�KLJK�DFFXUDF\�ZLOO�SURPRWH�WKH�DSSOLFDWLRQ�RI�PDFKLQH�OHDUQLQJ�WR�
WKH�GHYHORSPHQW�RI�DQ�$,�LPDJH�UHFRJQLWLRQ�V\VWHP�WR�DVVHVV�WRRWK�SUHSDUDWLRQ�VNLOOV�DQG�
DGYDQFH�WKH�ILHOG�RI�GHQWDO�HGXFDWLRQ. 
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$�QRYHO�(&&�UHODWHG�EDFWHULXP��6FDUGRYLD�ZLJJVLDH��KDV�D�XQLTXH�
FDUERK\GUDWH�PHWDEROLVP�ZLWK�IOXRULGH�UHVLVWDQFH 

 

0DL�.DPHGD�����<XNL�$ELNR���-XPSHL�:DVKLR���1REXKLUR�7DNDKDVKL� 
��'LYLVLRQ�RI�2UWKRGRQWLFV�DQG�'HQWRIDFLDO�2UWKRSDHGLFV��7RKRNX�8QLY��*UDG��6FK��'HQW� 
��'LYLVLRQ�RI�2UDO�(FRORJ\�DQG�%LRFKHPLVWU\��7RKRNX�8QLY��*UDG��6FK��'HQW� 
 

(DUO\�FKLOGKRRG�FDULHV��(&&��LV�D�JURZLQJ�SUREOHP�ZRUOGZLGH�DV�D�KHDOWK�GLVSDULW\�LQ�
FKLOGUHQ��,Q�UHFHQW�VWXGLHV��6FDUGRYLD�ZLJJVLDH�KDV�EHHQ�GHWHFWHG�IURP�(&&�DQG�KDV�EHHQ�
QRWHG�DV�D�QRYHO�FDULHV�DVVRFLDWHG�EDFWHULXP��6��ZLJJVLDH�LV�NQRZQ�WR�SRVVHVV�D�XQLTXH�
PHWDEROLF� SDWKZD\� IUXFWRVH���SKRVSKDWH� SDWKZD\� �)�33.�VKXQW��� ZKLFK� LV� GLIIHUHQW�
IURP�WKH�JO\FRO\VLV�RI�PRVW�FDULHV�DVVRFLDWHG�EDFWHULD�VXFK�DV�6WUHSWRFRFFXV�PXWDQV��7KH�
)�33.�VKXQW�PLJKW�SURYLGH�6FDUGRYLD�ZLWK�XQLTXH�DFLG�SURGXFLQJ�DFWLYLW\��DFLGLF�HQG�
SURGXFWV�DQG�IOXRULGH�VHQVLWLYLW\��7KHUHIRUH��LQ�WKLV�VWXG\�ZH�WHVWHG�WKHVH�SRVVLELOLWLHV�DQG�
DWWHPSWHG�WR�HOXFLGDWH�WKH�FDULRJHQLF�SRWHQWLDO�RI�WKLV�EDFWHULXP� 
,Q� WKLV� VWXG\�� 6�� ZLJJVLDH� &�$���� DQG� 6�� PXWDQV� 1&7&� ������ ZDUH� XVHG�� $OO�
H[SHULPHQWV� ZHUH� FRQGXFWHG� XQGHU� DQDHURELF� FRQGLWLRQV�� 7KH� DFLG� SURGXFWLRQ� IURP�
JOXFRVH�ZDV�PHDVXUHG�DW�S+�����DQG�����XVLQJ�D�S+�VWDW�V\VWHP��0RUHRYHU��E\�DGGLQJ�D�
VHULDO� FRQFHQWUDWLRQ� RI� SRWDVVLXP� IOXRULGH� WR� WKH� UHDFWLRQ� PL[WXUH�� ���� LQKLELWRU\�
FRQFHQWUDWLRQ��,&����RI� IOXRULGH�ZDV�REWDLQHG��$FLGLF� HQG�SURGXFWV� IURP�JOXFRVH�ZHUH�
DQDO\]HG�E\�KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\��+3/&���7R�LGHQWLI\�WKH�LQKLELWRU\�
VWHSV�E\�IOXRULGH�LQ�PHWDEROLF�SDWKZD\V��WKH�PHWDERORPH�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�
WKH�FDSLOODU\�HOHFWURSKRUHVLV�DQG�WLPH�RI�IOLJKW�PDVV�VSHFWURPHWU\��&(�72)06�� 
2XU� VWXG\� RQ� FDUERK\GUDWH� PHWDEROLVP� UHYHDOHG� WKDW� WKH� )�33.�VKXQW� DOORZHG� 6��

ZLJJVLDH�WR�SUHGRPLQDQWO\�SURGXFH�DFHWDWH�IURP�VXJDUV��DQG�WKDW�LWV�DFLG�SURGXFWLRQ�ZDV�
UHVLVWDQW� WR� IOXRULGH�� )XUWKHUPRUH�� WKH�HQRODVH�DFWLYLW\� RI�6��ZLJJVLDH�ZDV�PXFK�PRUH�
UHVLVWDQW�WR�IOXRULGH�WKDQ�WKDW�RI�6��PXWDQV� 
7KHVH� UHVXOWV� VXJJHVW� WKDW�6��ZLJJVLDH� LQGXFHV� DQG� SURPRWHV� GHQWDO� FDULHV� WKURXJK� D�
PHFKDQLVP�GLIIHUHQW�IURP�WKDW�RI�ODFWLF�DFLG�EDFWHULD�VXFK�DV�6��PXWDQV��,Q�WKH�IXWXUH��LW�
ZLOO� EH� QHFHVVDU\� WR� GHYHORS�PHWKRGV� WR� SUHYHQW� GHQWDO� FDULHV� FDXVHG� E\� DFHWLF� DFLG�
SURGXFLQJ�DQG�IOXRULGH�UHVLVWDQW�EDFWHULD�VXFK�DV�6��ZLJJVLDH� 
 

5HVHDUFK�LQWHUHVW 
(&&��0LFURELRORJ\��0HWDEROLVP�  
 

6KRUW�&9 
������a��������7RKRNX�8QLYHUVLW\�6FKRRO�RI�'HQWLVWU\��6HQGDL��-DSDQ��'�'�6��  
������a�������'HQWDO�UHVLGHQW��7RKRNX�8QLYHUVLW\�+RVSLWDO 
������a�7RKRNX�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�'HQWLVWU\��3K�'��&RXUVH�VWXGHQW� 
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Three-dimensional mechanical microenvironment 
enhanced osteogenic activity of mesenchymal stem 

cells-derived exosomes 
Wenting Yu #, Xiaoxia Su#,  Hong Zhou *

Xiaoxia Su M.D. 
E-mail: orthodontist_su@163.com

� Membership of World Federation of 
Orthodontists

� Youth Committee of Chinese Society of 
Biomedical Engineering, Tissue 
Engineering and Regenerative Medicine

We used periodontal ligament stem cells
(PDLSCs), which were cultured in the 3D
microscale magnetically stretched collagen
hydrogels, as the model MSCs to explore the
changes in haracteristics and bioactivity of MSC-
derived exosomes in response to matrix strain.
The levels of 25 miRNAs in exosomes secreted
by PDLSCs in the 3D strain microenvironment
(SM-Exo) were different from those obtained
from the 3D culture microenvironment (Exo).
Next, the bioactivity of SM-Exo was

significantly enhanced as reflected by the
improved proliferation, migration, and
osteogenic differentiation of target cells. This
was further confirmed by in vivo studies, in
which PDLSC-derived exosomes obtained from
the 3D strain microenvironment showed stronger
bioactivity to repair alveolar bone defects in SD
rats. This study proposed a novel strategy to
promote alveolar bone regeneration via altered
PDLSC-derived exosomes in the 3D strain
microenvironment.

RESEARCH  INTEREST
� Exosomes
� Mesenchymal stem 

cells
� Tissue engineering
� Regenerative medicine Know more about 

the research

ABSTRACT

RESULTS

Characteristics of Exosomes
and exosomal content. 

3D strain microenvironment promoted 
the osteogenesis efficiency of PDLSC-

derived exosomes in vivo
3D strain microenvironment affected bioactivity 

of PDLSC-derived exosomes in vitro
Micro-CT analysis of new bone formation at 3 

and 6 weeks of healing
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$QWLEDFWHULDO�HIIHFWV�RI�FDIIHLF�DFLG�SKHQHWK\O�HVWHU�RQ�RUDO�FDULRJHQLF�

EDFWHULD�DQG�PXOWLVSHFLHV�ELRILOP�
;LDRKXL�/\X���<XPHL�1LX���.XQ�:DQJ���=HQLQJ�)HQJ���6LOL�+DQ���/LQJOLQ�=KDQJ��
�� 'HSDUWPHQW� RI� &DULRORJ\� DQG� (QGRGRQWLFV�� :HVW� &KLQD� 6FKRRO� RI� 6WRPDWRORJ\��
6LFKXDQ�8QLYHUVLW\��&KHQJGX��&KLQD�
��.H\� /DERUDWRU\� RI� 6KDQ[L� 3URYLQFH� IRU� &UDQLRIDFLDO� 3UHFLVLRQ�0HGLFLQH� 5HVHDUFK��
&ROOHJH�RI�6WRPDWRORJ\��;L¶DQ�-LDRWRQJ�8QLYHUVLW\��;L¶DQ��&KLQD�
2EMHFWLYHV��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�DQWLEDFWHULDO�HIIHFWV�RI�&DIIHLF�
DFLG�SKHQHWK\O�HVWHU��&$3(��RQ�RUDO�FDULRJHQLF�EDFWHULD�DQG�PXOWLVSHFLHV�ELRILOP�� �
0HWKRGV�� 0LQLPDO� LQKLELWRU\� FRQFHQWUDWLRQ� �0,&�� DQG� PLQLPDO� EDFWHULFLGDO�
FRQFHQWUDWLRQ� �0%&�� DJDLQVW� FRPPRQ� RUDO� EDFWHULD� ZHUH� WHVWHG� WR� DVVHVV� WKH�
DQWLPLFURELDO�HIIHFW�RI�&$3(��7LPH�NLOO�DVVD\V��ODFWLF�DFLG�PHDVXUHPHQW��JURZWK�FXUYH�
DVVD\�DW�S+�����DQG�DFLG�WROHUDQFH�DVVD\�ZHUH�DSSOLHG�WR�GHWHFW�WKH�DQWLEDFWHULDO�DFWLYLW\�
DJDLQVW�6WUHSWRFRFFXV�PXWDQV��7R�GHWHFW�&$3(�HIIHFWV�RQ�6WUHSWRFRFFXV�PXWDQV�ELRILOP��
6FDQQLQJ� HOHFWURQ� PLFURVFRS\� �6(0��� FU\VWDO� YLROHW� DVVD\�� FRQIRFDO� ODVHU� VFDQQLQJ�
PLFURVFRS\� �&/60�� DQG� (36� PHDVXUHPHQW� ZHUH� FRQGXFWHG�� ,Q� PXOWLVSHFLHV� ELRILOP�
PRGHO� FRPSULVLQJ� 6WUHSWRFRFFXV� PXWDQV�� $FWLQRP\FHV� QDHVOXQGLL� DQG� 6WUHSWRFRFFXV�
JRUGRQLL��WKH�DQWLELRILOP�DFWLYLW\�ZDV�HYDOXDWHG�E\�FRORQ\�IRUPLQJ�XQLW��&)8��FRXQWLQJ�
DQG�&/60�� �
5HVXOW�� &$3(� VKRZHG� LQKLELWRU\� DQG� EDFWHULFLGDO� HIIHFW� DJDLQVW� FDULRJHQLF� EDFWHULD��
%HVLGHV�� &$3(� H[KLELWHG� D� VKRUW�WHUP� EDFWHULFLGDO� DFWLYLW\� DJDLQVW� 6WUHSWRFRFFXV�
PXWDQV� DQG� LQKLELWHG� DFLG� SURGXFWLRQ� DQG� DFLG� WROHUDQFH�� 0RUHRYHU�� &$3(� DW� �����
PJ�P/�DQG������PJ�P/�VKRZHG�VLJQLILFDQW�UHGXFWLRQ�LQ�ELRPDVV�TXDQWLILFDWLRQ��ELRILOP�
YLDELOLW\�DQG�(36�SURGXFWLRQ�RI�6WUHSWRFRFFXV�PXWDQV�ELRILOP��)XUWKHUPRUH��&$3(�DW�
�����PJ�P/�DQG������PJ�P/�HUDGLFDWHG�DQG�PRGXODWHG�PDWXUH�PXOWL�VSHFLHV�ELRILOPV�
E\�VXSSUHVVLQJ�6WUHSWRFRFFXV�PXWDQV�DQG�$FWLQRP\FHV�QDHVOXQGLL��
&RQFOXVLRQ�� $QWLEDFWHULDO� HIIHFWV� RI� &$3(� DJDLQVW� WKH� RUDO� FDULRJHQLF� EDFWHULD� DQG�
ELRILOP�HQGRZHG�LWV�DSSOLFDWLRQ�SRWHQWLDO�LQ�SUHYHQWLQJ�DQG�WUHDWLQJ�GHQWDO�FDULHV��

澳

;LDRKXL� /\X�� 3K'� FDQGLGDWH漓:HVW� &KLQD� 6FKRRO� RI� 6WRPDWRORJ\��
6LFKXDQ�8QLYHUVLW\漓&KLQD��
6XSHUYLVRU��'U��/LQJOLQ�=KDQJ��
(�PDLO������������#TT�FRP�
5HVHDUFK�LQWHUHVWV��RUDO�PLFURELRORJ\�
澳
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7KH�HIIHFW�RI�FDQRQLFDO�DQG�QRQ�FDQRQLFDO�S\URSWRVLV�LQ�DSLFDO�SHULRGRQWLWLV 
=KLZX�:X��5XL�=KDQJ��0LQJPLQJ�/L��-LQIHQJ�+H��5DQ�&KHQJ��7DR�+X 

$LP��7KH�DLP�RI�WKH�VWXG\�LV�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�S\URSWRVLV�LQ�DSLFDO�SHULRGRQWLWLV� 
0HWKRGRORJ\��/DEHO�IUHH�SURWHRPLFV�DQG�GRXEOH�TXDQWXP�GRWV��4'V��ODEHOOLQJ�VWDLQLQJ�
ZDV� XVHG� WR� GHWHFWHG� WKH� SURWHLQV� UHODWHG� WR� S\URSWRVLV� LQ� KXPDQ� DSLFDO� SHULRGRQWLWLV�
WLVVXHV�DQG�H[SHULPHQWDO�DSLFDO�SHULRGRQWLWLV�UDW�PRGHO��,Q�DGGLWLRQ��9;����D�FDVSDVH���
LQKLELWRU��DQG�:HGHORODFWRQH��D�FDVSDVH����LQKLELWRU��ZHUH�XVHG�LQ�DQ�H[SHULPHQWDO�$3�
UDW�PRGHO��0LFUR�&7�ZDV�XVHG�WR�DFFHVV�WKH�ERQH�ORVV��7+3���GHULYHG�PDFURSKDJHV�ZHUH�
VWLPXODWHG�ZLWK�3RUSK\URPRQDV� JLQJLYDOLV� OLSRSRO\VDFFKDULGH� LQ� YLWUR� IRU� �� K�ZLWK� RU�
ZLWKRXW� FDVSDVH��������� LQKLELWRU��$F�)/7'�&0.��/'+�UHOHDVH� DQG�:HVWHUQ�EORW�ZDV�
DSSOLHG�WR�HYDOXDWH�WKH�FHOO�S\URSWRVLV� 
5HVXOWV��/DEHO�IUHH�SURWHRPLFV�VKRZHG�WKDW�FDVSDVH���DQG�3<&$5'�ZHUH�H[SUHVVHG�LQ�
KXPDQ�DSLFDO�SHULRGRQWLWLV�WLVVXH��EXW�QRW�LQ�SHULRGRQWDO�OLJDPHQW��'RXEOH�4'V�ODEHOOLQJ�
VWDLQLQJ� UHYHDOHG� WKH� H[SUHVVLRQ� RI� FDVSDVH��� DQG� FDVSDVH������ LQ� KXPDQ� DSLFDO�
SHULRGRQWLWLV� WLVVXH�� &'���� PDFURSKDJHV� PDLQO\� H[SUHVVHG� FDVSDVH���� 0RUHRYHU��
FDVSDVH����DQG�FDVSDVH���ZHUH�LQYROYHG�LQ�WKH�SURJUHVVLRQ�RI�LQ�H[SHULPHQWDO�UDW�DSLFDO�
SHULRGRQWLWLV� PRGHO�� &'����PDFURSKDJHV� DOVR� H[SUHVVHG� FDVSDVH�������� ,QKLELWLRQ� RI�
FDVSDVH���DQG�����GHFUHDVHG�ERQH�ORVV�ZKHQ�DSLFDO�SHULRGRQWLWLV�ZDV�VHYHUH��/'+�UHOHDVH�
DQG�WKH�H[SUHVVLRQ�RI��SUR�FDVSDVH����FDVSDVH���S����SUR�FDVSDVH����FDVSDVH���S����SUR�
FDVSDVH���� FDVSDVH��� S���� SUR� ,/��ȕ�� PDWXUH� ,/��ȕ� DQG� *6'0'�1� LQFUHDVHG� LQ�
PDFURSKDJHV�DIWHU�/36�VWLPXODWLQJ��EXW�GHFUHDVHG�WUHDWHG�ZLWK�$F�)/7'�&0.��  
&RQFOXVLRQ��&DVSDVH�������������PHGLDWHG�S\URSWRVLV�FRQWULEXWHG�WR�DSLFDO�SHULRGRQWLWLV�
DQG�ERQH�ORVV��  
 
&RUUHVSRQGLQJ�DXWKRUV��  
7DR�+X��''6��3K'��3URIHVVRU�DW�6WDWH�.H\�/DERUDWRU\�RI�2UDO�'LVHDVHV��'HSDUWPHQW�RI�3UHYHQWLYH�'HQWLVWU\��
:HVW� &KLQD� +RVSLWDO� RI� 6WRPDWRORJ\�� 6LFKXDQ� 8QLYHUVLW\�� &KHQJGX�� 6LFKXDQ�� &KLQD�� (�PDLO��
KXWDR#VFX�HGX�FQ� 
5DQ�&KHQJ��''6��3K'��$VVRFLDWHG�SURIHVVRU�DW�6WDWH�.H\�/DERUDWRU\�RI�2UDO�'LVHDVHV��'HSDUWPHQW�RI�
3UHYHQWLYH�'HQWLVWU\��:HVW�&KLQD�+RVSLWDO�RI�6WRPDWRORJ\��6LFKXDQ�8QLYHUVLW\��&KHQJGX��6LFKXDQ��&KLQD��
(�PDLO��FKHQJUDQ#VFX�HGX�FQ� 
 

=KLZX�:X�� 0'�� 'RFWRU� FDQGLGDWH� DW�:HVW� &KLQD� +RVSLWDO� RI� 6WRPDWRORJ\��
6LFKXDQ�8QLYHUVLW\��&KHQJGX��6LFKXDQ��&KLQD��0DVWHU�LQ�6WRPDWRORJ\�DW�:HVW�
&KLQD�+RVSLWDO�RI�6WRPDWRORJ\��6LFKXDQ�8QLYHUVLW\��&KHQJGX��6LFKXDQ��&KLQD�
IURP�6HSW������� WR� -XQ�� ������+H�SXEOLVKHG���6&,� DUWLFOHV��+H�ZDV� DZDUGHG�
$PEDVVDGRU�RI�RUDO�KHDOWK�SURPRWLRQ�E\�&KLQD�2UDO�+HDOWK�)RXQGDWLRQ�������
������DQG�2XWVWDQGLQJ�*UDGXDWH�7HDFKLQJ�$VVLVWDQW�DW�6LFKXDQ�8QLYHUVLW\��  
5HVHDUFK� LQWHUHVW�� HQGRGRQWLFV�� SDUWLFXODUO\� SDWKRJHQHVLV� RI� DSLFDO�
SHULRGRQWLWLV��2UDO�KHDOWK�SURPRWLRQ� 
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Regulation of OrtR on Antioxidant Adaptability of Streptococcus 

mutans  
Shuxing Yu1, 2, Yang Chen1, 2, Qizhao Ma 1, 2, Jun Huang1, 2, Yuqing Li1*, Jing Zou1, 2* 

 
1 State Key Laboratory of Oral Diseases, National Clinical Research Center for Oral Diseases,  

West China Hospital of Stomatology, Sichuan University, Chengdu, China 
2 Department of Pediatric Dentistry, West China Hospital of Stomatology, Sichuan University,  

Chengdu, China 
 
ABSTRACT 

The complex and changeable oral environment stresses the existence of various 
microorganisms in oral cavity. Streptococcus mutans, as a major caries-causing bacterium, 
has evolved many mechanisms of antioxidant adaptation, but the specific regulatory 
mechanisms need to be further studied. The purpose of this study was to investigate the 
regulatory mechanism of OrtR in TetR family on the antioxidant adaptability of S.mutans. 
We compared the antioxidant adaptability of OrtR overexpressed strains of S. mutans 
with control strains and identified the DNA binding sites of OrtR. The results showed that 
the antioxidant adaptation of OrtR overexpressed strain was decreased in the planktonic 
state compared with the control strain. OrtR overexpressed strains were at a disadvantage 
in the competition with hydrogen peroxide producing strains, such as Streptococcus 
sanguis and Streptococcus gordonii (P < 0.05). In OrtR overexpressed strains, genes 
related to antioxidant adaptation ahpCF and energy metabolism adhABCD of S. mutans 
were significantly down-regulated. OrtR specifically binds to transcription promoters of 
antioxidant adaptation genes, inhibits their transcription, and reduces their expression 
activity. In general, OrtR inhibits the transcriptional activity of genes related to 
antioxidant adaptation by specific binding to promoter regions, which affects the 
antioxidant adaptation and survival ability of S. mutans, providing new ideas and targets 
for the study of caries prevention. 
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Extracellular ATP modulates immunomodulatory property of 
periodontal ligament cells 

May Thwe Kyaw Soe Win and Prasit Pavasant  

Center of Excellence in Regenerative Dentistry, Faculty of Dentistry, Chulalongkorn 
University, Bangkok, Thailand. 

It has been reported that ATP will be released from injured or stressed cells into 
extracellular environment. The role of the extracellular ATP (eATP) is involved in the 
process of both inflammation and anti-inflammation of the tissues. Our previous reports 
revealed that mechanical stimulation induced the release of ATP by periodontal ligament 
(PDL) cells. This eATPs were participated in the release of pro-inflammatory cytokines 
as well as the release and expression of osteogenic differentiation-related growth factors. 
However, the role of eATP on immunomodulatory property of PDL cells is still unknown. 
The aim of this study was to examine the role of eATP on the expression of indoleamine-
pyrrole 2,3-dioxygenase (IDO) and interferon-gamma (IFNg), two major 
immunomodulatory cytokines by PDL cells. PDL cells were activated with various 
concentrations of eATP from 0-100 µM for 24 hours. The mRNA expression of IDO and 
IFNg were evaluated by reverse transcription-polymerase chain reaction, while ELISA 
and IDO enzymatic activity assay were used to examine the amount of IFNg and IDO in 
the medium, respectively. Extracellular ATP significantly increased the expression and 
secretion of IDO and IFNg in a dose dependent manner (p<0.05). The eATP induced IDO 
and IFNg could be inhibited by the addition of EGTA, a calcium chelator and chemical 
P2X7 receptor inhibitors; KN62 and BBG, in culture medium suggesting the involvement 
of P2X7 receptor (P2X7R) in this process. Treatment with specific P2X7R agonist (BzATP) 
also markedly increased IDO and IFNg expression, while silencing approach using 
siRNA specific for P2X7R attenuated the induction. In conclusion, our findings identified 
that eATP/P2X7R signaling induced immunosuppressive properties of PDL cells. Since 
immunosuppressive property could suppress the inflammation and induce tissue healing, 
it is possible that the function of eATP in PDL tissue will regulate tissue inflammation 
and trigger tissue healing and regeneration.  

Key words: extracellular ATP, periodontal ligament, IDO, IFNg, P2X7 receptor 
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Metronidazole and Ketoprofen Loaded Mesoporous 
Magnesium Carbonate for Rapid Treatment of Acute 

Periodontitis in vitro

Objective. When treating acute periodontitis with drugs, it is necessary to 
achieve rapid eradication of periodontal pathogens and inflammation to 
relieve the pain of patients. When encapsulating drug molecules into 
mesoporous magnesium carbonate (MMC) leads to amorphous drug 
confined within the nanoscale pores and rapid release of drug occurs. The 
objective of this study was to verify MMC as a rapid drug release carrier 
for periodontal treatment in vitro for the first time.
Methods. Metronidazole (MET) and ketoprofen (KET) were loaded in 
MMC by solvent evaporation method. The MET-KET@MMC were 
characterized by scanning electron microscopy (SEM) and X-ray 
diffraction (XRD). The rapid drug release properties were also 
investigated through the drug release curve. The antiseptic properties were 
evaluated by Minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC), colony-forming unit (CFU), live/dead 
staining and time-kill assay. The anti-inflammatory capabilities on human 
gingival fibroblasts were probed by quantitative polymerase chain reaction 
(QPCR) and enzyme-linked immune sorbent assay (ELISA). Cytotoxicity 
of MET-KET@MMC were evaluated by cell counting kit-8 (CCK-8).
Results. Crystallization of MET and KET was completely suppressed in 
MMC. MMC induced higher apparent solubility and rapid drug release, 
produced up to 9.93- and 3.9-times higher release percentages of the drug, 
compared to the crystalline drugs, respectively. 90% of the loaded drugs 
content could be released in the first 10 minutes, and the antibiosis and 
anti-inflammatory properties of the released drugs in the first 10 minute 
were also verified in vitro. This novel strategy utilizing mesoporous 
structure shows great promise in achieving treatment of acute periodontitis.

Zhaohan Yu, Kunneng Liang, Jiyao Li

Name: Zhaohan Yu
Position: State Key Laboratory of Oral Diseases, West 
China Hospital of Stomatology, Sichuan University, 
Chengdu 610041, China
Address: Department of Cariology and Endodontics, West 
China Hospital of Stomatology, No. 14, 3rd section, 
Renmin Road South, Chengdu 610041, Sichuan Province, 
China.
Tel: (+86) 18380122653
E-mail: 386737534@qq.com
Research interest: Caries epidemiology; biological 
materials; biomineralization
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A brief discussion on the Research Prospect of the 
Application of Dental Pulp Mesenchymal Stem cells in 

Stomatology

In oral clinical practice, the use of some biomaterials or autologous blood derivatives for 
vital pulp preservation has achieved great success, but there is still a lot of research space 
in the use of dental pulp stem cells for dental pulp regeneration therapy. In recent years, 
tissue engineering technology based on autologous stem cells has developed rapidly, 
because it does not involve ethical disputes, has no immunogenicity, does not need to wait 
for donors, and can avoid the delay of treatment, and can avoid the spread of hepatitis B, 
AIDS and other infectious diseases, has become a research hotspot at home and abroad. In 
the future, we hope to apply it not only in dental pulp regeneration, but also in periodontal 
and maxillofacial tissue regeneration. But at present, our research methods and strategies in 
this area are still flawed, mainly in the following aspects: 

First, in the research direction, the relevant basic research is still insufficient, the 
molecular mechanism of stem cell proliferation and differentiation into various tissues in 
vivo is not clear, and the strategy to determine the signal pathway is not perfect. 

Second , in terms of experimental materials, how to select clinical donors is still a topic 
worthy of discussion. We need to pay attention to whether there is an upper age limit for the 
selection of donors, whether the apical foramen of the selected teeth is fully developed, and 
whether there are differences in the dryness of dental pulp stem cells at different ages. 

Third , in terms of experimental methods, we may need to first explore the passage times of 
dental pulp stem cells and their aging degree, and clarify their aging mechanism in order to 
select the most appropriate passage times for research. Then we need to pay attention to the 
differences between the research models, including in vivo experiments, in vitro 
experiments and in vitro 3D model comparison and establishment methods. 

Finally , we should comprehensively evaluate the characteristics of dental pulp stem cells 
in histology, immunology and molecular biology. Fourth, in terms of evaluation criteria, the 
qualitative histological and molecular biological criteria for the differentiation of dental 
pulp stem cells into other tissues need to be improved, such as the re -establishment of 
dental pulp nerves.

In summary, we believe that with the further development of material science, molecular 
biology, tissue engineering and the further understanding of the biological properties of 
dental pulp mesenchymal stem cells, the clinical application of dental pulp mesenchymal 
stem cells will be promoted. And it is expected to become a mature clinical technology.

Yazhuo Li
Wuhan University漓School Of Stomatology University, China

2021283040093@whu.edu.cn

ABSTRACT

The study of dental pulp mesenchymal stem cells has been a research 
hotspot in the treatment of oral regeneration, because of its advantages such as 
convenient acquisition, safety, easy preservation and so on. In the future, we 
hope to apply it to the regeneration and repair of dental pulp, periodontium 
and bone tissue. However, at present, our research in this area is still 
insufficient, and the data obtained is extremely limited, so we still need to 
carry out in-depth research in the following aspects, such as clinical donor 
selection, experimental models, experimental materials and methods, 
evaluation criteria and so on.

INST:Dental pulp mesenchymal stem cells
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Shear force activates secretion of immunosuppressive cytokines by PDL 
cells 

Ravipha Suwittayarak, Daneeya Chaikiawkeaw, Prasit Pavasant. 
Center of Excellence in Regenerative Dentistry, Faculty of Dentistry, Chulalongkorn 

University, Bangkok, Thailand. 
 

Abstract 
 Periodontal ligament (PDL) cells possess the immunomodulatory property, a property 

that provides PDL cells the ability to regulate function and differentiation of immune cells. 

This ability makes PDL cells one of the promising cells to be used in stem cell-based therapy. 

However, the immunosuppressive property needs the activation process, especially from 

inflammation. Mechanical stress has been proposed to be another activator to trigger 

immunosuppressive property of PDL cells. However, the influence of shear force on the 

immunosuppressive property of PDL cells is still unclear.  The aim of this study was to examine 

the influence of shear force on immunosuppressive property of PDL cells. PDL cells were 

activated with 0, 0.5, 5 and 10 dyne/cm2 of shear force for 3 hours and then kept for another 

24 hours. The expression of indoleamine-pyrrole 2,3-dioxygenase (IDO) and transforming 

growth factor-beta1 (TGF-b1), two major cytokines that regulate T-cells proliferation and 

regulatory T-cell differentiation were examined. Results revealed that shear force significantly 

increased the mRNA expression of IDO but not TGF-b1. Addition of cycloheximide (CHX) 

inhibited shear-forced induced IDO expression. Protein expression of IDO, TGF-b1 and 

interferon gamma (IFN-g) as monitored by activity assay and ELISA. The results revealed that 

shear force increased the IDO activity in the medium and increase the amount of TGF-b1 and 

IFNg in the cell lysate. It is possible that IFN-g, is a potent activator of IDO, involved in shear 

force induced IDO expression. Moreover, conditioned medium from shear force-induced PDL 

cells decreased the proliferation of Jurkat, the CD4 cell line. In conclusion, this finding supports 

the role of shear force on the induction of immunosuppressive cytokines by PDL cells. This 

knowledge could be applied in periodontitis patients to regulate the level of inflammation and 

promote tissue repair and regeneration.  

 

Key words: periodontal ligament cell, immunomodulation, TGF-b1, IDO, Shear force 
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Profiling of Microbiota in Liquid Baby Formula and a 
Baby Drink Consumed with an Artificial Nipple 
 
Anna Wakui 1, Miho Kawachi 1, Mayumi Nishikata 2, Jumpei Washio 3, 
Yuki Abiko 3, Gen Mayanagi 3, Nobuhiro Takahashi 3, Takuichi Sato 1 
 
1 Division of Clinical Chemistry, Niigata University Graduate School of Health 
Sciences, Niigata, Japan 
2 Department of Nursing, Niigata University Graduate School of Health Sciences, 
Niigata, Japan 
3 Division of Oral Ecology and Biochemistry, Tohoku University Graduate School of 
Dentistry, Sendai, Japan 
 

Objectives: To clarify the characteristics and growth of bacteria that may infiltrate 
liquid baby formula during feeding and after storage for more than 3 h, the transfer of 
oral bacteria through artificial nipples, and bacterial survival in liquid baby formula and 
a baby drink were examined immediately after drinking and after storage at 4°C for 12 h 
and 24 h. Methods: Thirteen human subjects (aged 19–24 years) were asked to drink 
approximately 50 mL of liquid baby formula and a baby drink, via the artificial nipple 
of a baby bottle. Samples of the remaining liquid after storage at 4°C for 12 h and 24 h 
were inoculated onto blood agar plates and incubated anaerobically at 37°C for 7 days. 
Genomic DNA was extracted from individual colonies, and the bacterial species were 
identified by 16S rRNA gene sequencing. Results: The mean concentrations of bacteria 
in the liquid baby formula were (2.6±2.8) × 104 and (4.1±6.6) × 104 colony-forming 
unit/mL after storage at 4°C for 12 h and 24 h, respectively. Streptococcus (43.2%), 
Veillonella (9.3%), and Schaalia (8.2%) species were recovered from the remaining 
liquid baby formula after storage at 4°C for 12 h. In contrast, no bacteria were detected 
in the remaining baby drink after storage at 37°C for 24 h. Conclusions: The levels of 
bacteria immediately after drinking and after storage at 4°C for 12 h or 24 h were 
similar, suggesting that remaining liquid baby formula may be preserved safely in a 
refrigerator for more than 3 h. 
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Profiling of Microbiota in Sport-Drink and Orange Juice 
of Plastic Bottle After Drinking Directly From Plastic 
Bottles 
 
Miho Kawachi 1, Anna Wakui 1, Jumpei Washio 2, Yuki Abiko 2, 
Gen Mayanagi 2, Nobuhiro Takahashi 2, Takuichi Sato 1 
 
1 Division of Clinical Chemistry, Niigata University Graduate School of Health 
Sciences, Niigata, Japan 
2 Division of Oral Ecology and Biochemistry, Tohoku University Graduate School of 
Dentistry, Sendai, Japan 
 
Objectives: It has been speculated that oral bacteria can be transferred to drinks in 
plastic bottles when it is drunk directly from the bottles, and that the bacteria can then 
multiply in the bottles. The bacterial survival in the remaining drinks after drinking 
directly from bottles were examined immediately after drinking and after storage at 
37°C for 24 h. Methods: After obtaining informed consent, 8 healthy subjects (14 to 23 
years of age) were asked to drink approximately 100 mL of a sport-drink or orange juice 
from a plastic bottle. Samples of the remaining drinks in the bottles were inoculated 
onto blood agar plates and incubated anaerobically at 37°C for 7 days. Genomic DNA 
was extracted from individual colonies, and the bacterial species were identified by 16S 
rRNA gene sequencing. Results: The mean amounts of bacteria were (2.9 ± 1.6) × 103 
and (1.6 ± 2.2) × 103 CFU/mL from the remaining sport-drink and orange juice 
immediately after drinking, respectively. Streptococcus (59.8 and 36.5%), Actinomyces 
(13.0 and 27.6%), Neisseria (5.0 and 3.8%), Rothia (4.6 and 1.7%), Veillonella (2.7 and 
11.3%), Prevotella (2.7 and 0.7%), Schaalia (2.3 and 2.0%) and Gemella (2.3 and 2.4%) 
were predominant in the remaining sport-drink and orange juice immediately after 
drinking, respectively. Little bacteria were recovered from the samples 24 h after 
drinking. Discussion: Oral bacteria, e.g., Streptococcus, Actinomyces, Neisseria and 
Rothia, were found to transfer into the sport-drink and orange juice, and their bacterial 
compositions were found to resemble that of human saliva. The bacterial levels of the 
sport-drink and orange juice were quite distinct from those of the tea drink 24 h after 
drinking. This was likely due to the lower pH of the sport-drink and orange juice, when 
compared to the neutral-pH of the tea drink, suggesting that the remaining of low-pH 
drinks may be preserved for a longer period. 
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'HOHWLRQ� RI� DFW-� JHQH� DIIHFWV� JURZWK� DQG� ELRILOP� IRUPDWLRQ� RI�

6WUHSWRFRFFXV�PXWDQV 
Yang Chen1, 2, Yangyang Pan1, 3 , Qizhao Ma1, 2, Shuxing Yu1, 2, Yuqing Li1*, Jing Zou1, 2* 

 
1 State Key Laboratory of Oral Diseases, National Clinical Research Center for Oral Diseases,  

West China Hospital of Stomatology, Sichuan University, Chengdu, China 
2 Department of Pediatric Dentistry, West China Hospital of Stomatology, Sichuan University,  

Chengdu, China 
3 'HSDUWPHQW�RI�3HGLDWULF�'HQWLVWU\��6FKRRO�DQG�+RVSLWDO�RI�6WRPDWRORJ\��:HQ]KRX�0HGLFDO�8QLYHUVLW\��  

:HQ]KRX��&KLQD 
 

ABSTRACT 

GCN5-related N-acetyltransferases (GNAT) family proteins are a diverse group of 

lysine acetyltransferases (KATs) widespread in bacteria. The members of this 

superfamily exhibited significant influences in many cellular processes, such as DNA 

binding, enzymatic activity, protein-protein interactions, protein stability, or protein 

localization. Streptococcus mutans is the crucial pathogen of human dental caries, 

however, the function of acetyltransferases in S. mutans remains unknown. In this study, 

we found that ActJ, a member of the GNAT super-family, affects the growth rate, biofilm 

formation and extracellular polysaccharides (EPS) synthesis in S. mutans. When 

compared with the parental strain, a total of 166 differentially expressed proteins (DEPs) 

(>1.2-fold) were identified in the actJ deletion mutant by global protein expression 

profiling. Bioinformatics analysis indicated that the DEPs were mainly related to protein 

homeostasis maintenance, carbohydrate metabolism and substances transporter systems.  
 
 

Short CV漡 
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The selective membrane affinity of novel lactotransferrin-derived peptide 

to Streptococcus mutans. 
Zening Feng1,2, Junyuan Luo1,2, Xiaohui Lyu1,2, Yue Chen1,2, Linglin Zhang1,2 

1Department of Cariology and Endodontics, Sichuan University West China School of 

Stomatology, Chengdu, China 

2State Key Laboratory of Oral Diseases and National Clinical Research Centre for 

Oral Diseases, Sichuan University, Chengdu, China 

Background: Dental caries is a primary worldwide oral disease, and Streptococcus 
mutans is considered the primary cariogenic bacterium. Lactotransferrin-derived 

peptide (WKLLRKAWKLLRKA) is a novel antimicrobial peptide developed in our 

previous study, which possessed a potential anticaries selectivity targeting 

Streptococcus mutans. The study aims to investigate the possible mechanism of the 

selective antibacterial activity against S. mutans.  

Methods: S. mutans UA 159, S. sanguinis ATCC 10,556 and S. gordonii ATCC 10,558 

were used in this study. Propidium iodide assay was applied to measure the antibacterial 

effect of lactotransferrin-derived peptide. Membrane affinity of lactotransferrin-derived 

peptide to different streptococci was evaluated by hydrophobicity assay, DISC3(5) 

experiment and confocal laser scanning microscopy (CLSM) observation. 

Transmission electron microscope (TEM) was used to observe the effect of 

lactotransferrin-derived peptide on bacterial morphology. 

Results: Lactotransferrin-derived peptide showed selective antibacterial activity 

against S. mutans in the Propidium iodide assay. The most remarkable changes occurred 

in the membrane hydrophobicity and potential of S. mutans after the treatment with LF-

1. CLSM revealed that FITC-labelled lactotransferrin-derived peptide displayed the 

strongest fluorescence intensity in the S. mutans biofilm. TEM observation reflected 

that 16 μmmol/L lactotransferrin-derived peptide could induce mesosome-like 

structures in S. mutans, while there was no significant morphological change in S. 
sanguinis and S. gordonii.  

Conclusion: Lactotransferrin-derived peptide has selective antibacterial activity 

against S. mutans through its selective membrane affinity and strong membrane 

disturbance on S. mutans. The selectivity targeting S. mutans confer lactotransferrin-

derived peptide with noble anticaries potential in caries prevention. 
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'LVFULPLQDWLRQ� RI� SHULRGRQWDO� SDWKRJHQV� XVLQJ� 5DPDQ� VSHFWURVFRS\�

FRPELQHG�ZLWK�PDFKLQH�OHDUQLQJ�DOJRULWKPV 
Yiping Liu1,#, Hongxiao Li2,#, Shisheng Cao1, Xin Li1, Jing Cao1, Baoxin 
Fan1, Xingtong Mu1, Ying Li1,*, Xiaoxi Dong2,*, Juan Zhang1,* 

1�School of Dentistry, Tianjin Medical University, Tianjin 300070, China. 
2�Chinese Academy of Medical Science & Peking Union Medical College, Institute of 
Biomedical Engineering, Tianjin 300192, China. 
# These authors contributed equally to this work. 
* Correspondence: kqzhangjuan@126.com 

Abstract: Periodontitis is closely related to many systemic diseases linked by different 
periodontal pathogens. To unravel the relationship between periodontitis and systemic 
diseases, it is very important to correctly discriminate major periodontal pathogens. To 
realize convenient, efficient, and high-accuracy bacterial species classification, the 
authors use Raman spectroscopy combined with machine learning algorithms to 
distinguish three major periodontal pathogens. Periodontal pathogens Porphyromonas 
gingivalis (Pg), Fusobacterium nucleatum (Fn), and Aggregatibacter 
actinomycetemcomitans (Aa) were considered in this study. After obtaining Raman 
spectra of the three bacteria, eight well-known powerful machine learning algorithms 
were used to find out the best classifier for distinguishment of the above-mentioned three 
major periodontal pathogens. The result shows that this novel method can successfully 
discriminate the three above-mentioned periodontal pathogens. Moreover, the 
classification accuracies for the three categories of the original date were 94.7% at the 
sample level and 93.9% at the spectrum level by the machine learning algorithm extra 
trees. The linear discriminant analysis trained on the Fourier transformed data produced 
the optimal classifier at both sample (accuracy of 94.7%) and spectrum (accuracy of 
88.7%) levels. This study provides a fast, simple, and accurate method which is very 
beneficial to differentiate periodontal pathogens. 
 

6KRUW�&9 
 

<LSLQJ�/LX��*UDGXDWH�6WXGHQW��6KH�UHFHLYHG�KHU�%DFKHORU
V�'HJUHH�RI�
6WRPDWRORJ\� IURP�+HEHL�0HGLFDO� 8QLYHUVLW\� LQ� ������ 6KH� LV� QRZ�
VWXG\LQJ� IRU� D�0DVWHU
V� GHJUHH� RI� 6WRPDWRORJ\� DW�7LDQMLQ�0HGLFDO�
8QLYHUVLW\�� 7LDQMLQ�� &KLQD�� 6KH� LV� D� PHPEHU� RI� WKH� SURIHVVLRQDO�
FRPPLWWHH�RI�WHPSRURPDQGLEXODU�MRLQW�GLVHDVHV�DQG�RFFOXVLRQ�RI�WKH�
&KLQHVH�6WRPDWRORJLFDO�$VVRFLDWLRQ� 
5HVHDUFK� LQWHUHVWV��GHQWLVWU\� DQG�RUDO�6FLHQFHV��EDVLF� DQG� FOLQLFDO�
UHVHDUFK�RI�WHPSRURPDQGLEXODU�MRLQW�GLVHDVHV� 
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(IIHFW�RI�JOXFRVH��QLWUDWH�DQG�QLWULWH�RQ�WKH�QLWULWH�SURGXFLQJ�
DFWLYLW\�RI�RUDO�$FWLQRP\FHV�VSHFLHV 
 
7RPRQD� 2WDNH����� -XPSHL� :DVKLR��� .D]XNR� (]RH��� 'LPDV� 3UDVHWLDQW�
:LFDNVRQR�����.DRUX�,JDUDVKL���DQG�1REXKLUR�7DNDKDVKL�� 
���'LYLVLRQ� RI�2UDO� (FRORJ\� DQG�%LRFKHPLVWU\��'HSDUWPHQW� RI�2UDO� (FRORJ\��7RKRNX�
8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�'HQWLVWU\ 
���'LYLVLRQ�RI�&UDQLRIDFLDO�$QRPDOLHV��'HSDUWPHQW�RI�2UWKRGRQWLFV�DQG�6SHHFK�7KHUDS\�
IRU�&UDQLRIDFLDO�$QRPDOLHV��7RKRNX�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�'HQWLVWU\ 
���'HSDUWPHQW�RI�3HGLDWULF�'HQWLVWU\��)DFXOW\�RI�'HQWDO�0HGLFLQH��8QLYHUVLWDV�$LUODQJJD��
6XUDED\D��,QGRQHVLD 
 
,QWURGXFWLRQ 
$FWLQRP\FHV� LV�RQH�RI� WKH�PDMRU�QLWULWH� �12�

���SURGXFLQJ�EDFWHULD� LQ�RUDO�PLFURELRPH��
12�

��LV�SURGXFHG�IURP�QLWUDWH��12�
����WKDW�LV�DEXQGDQW�LQ�WKH�RUDO�FDYLW\�EHFDXVH�IRRGV�

VXFK�DV�JUHHQ�OHDI\�YHJHWDEOHV�FRQWDLQ�D�ORW�RI�12�
���DQG�D�SDUW�RI�12�

��LQJHVWHG�LV�NQRZQ�
WR�EH�FRQWLQXRXVO\�VHFUHWHG�DV�D�VDOLYD�FRPSRQHQW��12�

��LV�NQRZQ�WR�KDYH�DQWLEDFWHULDO�
HIIHFW�DQG� WR�QRUPDOL]H� WKH�EORRG�SUHVVXUH�DQG�VXEVHTXHQWO\�FRQWULEXWH� WR�PDLQWDLQLQJ�
V\VWHPLF�KHDOWK��2XU�SUHYLRXV�UHSRUW��$SSO�(QYLURQ�0LFURELRO��������FODULILHG�WKDW�12�

��
SURGXFLQJ�DFWLYLW\�E\�RUDO�9HLOORQHOOD��DQRWKHU�PDMRU�QLWULWH�SURGXFLQJ�RUDO�EDFWHULD��ZDV�
LQFUHDVHG� E\� ODFWDWH�� DQG� LQGXFHG� E\�12�

�DQG� 12�
��� +RZHYHU�� WKHVH� HIIHFWV� RQ� 12�

��
SURGXFWLRQ�E\�RUDO�$FWLQRP\FHV�LV�VWLOO�XQNQRZQ��+HQFH��WKLV�VWXG\�DLPHG�WR�HOXFLGDWH�WKH�
HIIHFWV�RI�HQYLURQPHQWDO�IDFWRUV�RQ�WKH�12�

��SURGXFLQJ�DFWLYLW\�RI�$FWLQRP\FHV� 
 
0DWHULDOV�DQG�0HWKRGV 
$FWLQRP\FHV�QDHVOXQGLL�$7&&�������ZDV�FXOWXUHG�DQDHURELFDOO\�LQ�WKH�PHGLXP�ZLWK�RU�
ZLWKRXW���P0�SRWDVVLXP�QLWUDWH��.12���RU�����P0�SRWDVVLXP�QLWULWH��.12����KDUYHVWHG�
DQG�ZDVKHG��%DFWHULDO� FHOOV�ZHUH� LQFXEDWHG�DHURELFDOO\�RU� DQDHURELFDOO\� IRU����PLQ�DW�
��R&�ZLWK���P0�.12��LQ�WKH�SUHVHQFH�RI�������JOXFRVH�RU���P0�VRGLXP�ODFWDWH�LQ����
P0�SRWDVVLXP�SKRVSKDWH�EXIIHU��S+������IRU�WKH�DQDO\VLV�RI�12�

��SURGXFLQJ�DFWLYLW\��7KH�
12�

��SURGXFWLRQ�ZDV�PHDVXUHG�E\�*ULHVV�UHDJHQW�NLW� 
 
5HVXOWV�DQG�'LVFXVVLRQ 
7KH�12�

��SURGXFLQJ�DFWLYLW\�ZDV���������IROG�KLJKHU�XQGHU�DQDHURELF�FRQGLWLRQV��S��������
*OXFRVH� HQKDQFHG� WKLV� DFWLYLW\� �������� IROG� �S������� XQGHU� DHURELF� DQG� �������� IROG�
�S�������XQGHU�DQDHURELF�FRQGLWLRQV��ZKLOH�ODFWDWH�GLG���������DQG���������IROG��S��������
UHVSHFWLYHO\�� 12�

�RU� 12�
�� LQ� WKH� JURZWK� PHGLXP� VLJQLILFDQWO\� GHFUHDVHG� WKH� 12�

��
SURGXFLQJ� DFWLYLW\�� 7KHVH� FKDUDFWHULVWLFV� DUH� GLIIHUHQW� IURP� WKRVH� RI� RUDO� 9HLOORQHOOD��
VXJJHVWLQJ� WKDW�RUDO�$FWLQRP\FHV�FDQ�XWLOL]H�JOXFRVH�ODFWDWH�GHULYHG�UHGXFLQJ�SRZHU� WR�
UHGXFH�12�

��WR�12�
���ZKLFK�IHHGV�EDFN�QHJDWLYHO\�DQG�UHSUHVVHV�HQ]\PHV�UHVSRQVLEOH�IRU�

12�
��SURGXFWLRQ��  

���������ZRUGV� 
 
6KRUW�&9� 
���������'�'�6���7RKRNX�8QLYHUVLW\�6FKRRO�RI�'HQWLVWU\ 
���������'HQWDO�UHVLGHQW��7RKRNX�8QLYHUVLW\�+RVSLWDO 
���������3K�'��FRXUVH�VWXGHQW��7RKRNX�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�'HQWLVWU\ 
 
5HVHDUFK�,QWHUHVW� 
2UDO�%LRFKHPLVWU\��0HWDEROLVP�RI�2UDO�EDFWHULD����2UWKRGRQWLFV 
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'LUHFW�HIIHFW�RI�SHULRGRQWLWLV�DVVRFLDWHG�EDFWHULD�RQ�WKH�JOXFRVH�
PHWDEROLF�DFWLYLW\�RI�KRVW�FHOOV 

 

+DUXNL� 2WDQL����� -XPSHL� :DVKLR��� 6KDQ� /LX��� 6KLRUL� 6DVDNL��� 6DWRUX� <DPDGD��� DQG�
1REXKLUR�7DNDKDVKL� 

���'LYLVLRQ� RI�2UDO� (FRORJ\� DQG�%LRFKHPLVWU\��'HSDUWPHQW� RI�2UDO� (FRORJ\��7RKRNX�
8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�'HQWLVWU\ 
���'LYLVLRQ�RI�3HULRGRQWRORJ\�DQG�(QGRGRQWRORJ\��'HSDUWPHQW�RI�2UDO�(FRORJ\��7RKRNX�
8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�'HQWLVWU\ 
 
$EVWUDFW 
,QWURGXFWLRQ�� 3HULRGRQWLWLV� FDXVHV� WKH� GHVWUXFWLRQ� RI� SHULRGRQWDO� WLVVXHV�� 7KH�
SDWKRJHQHVLV�RI�SHULRGRQWLWLV�KDV�EHHQ�LQYHVWLJDWHG�E\�PDQ\�SUHYLRXV�VWXGLHV��KRZHYHU��
WKH�RQVHW�RI�SHULRGRQWLWLV��HVSHFLDOO\�WKH�GLUHFW�HIIHFW�RI�SHULRGRQWLWLV�DVVRFLDWHG�EDFWHULD�
RQ�SHULRGRQWDO�WLVVXHV�LV�VWLOO�XQFOHDU��7KHUHIRUH��LQ�WKLV�VWXG\��ZH�LQYHVWLJDWHG�WKH�HIIHFWV�
RI�FXOWXUH�VXSHUQDWDQWV�RI�UHSUHVHQWDWLYH�SHULRGRQWLWLV�DVVRFLDWHG�EDFWHULD�RQ�KRVW�FHOOV��
HVSHFLDOO\� JOXFRVH�PHWDEROLVP�ZKLFK� LV� DQ� HVVHQWLDO� FHOOXODU� IXQFWLRQ� DQG� D� VHQVLWLYH�
LQGLFDWRU�RI�FHOO�DFWLYLW\� 
0DWHULDOV� DQG� 0HWKRGV�� :H� XVHG� 3RUSK\URPRQDV� JLQJLYDOLV� ZLOG�W\SH� VWUDLQ�
$7&&�������:7���LWV�JLQJLSDLQ�GHIHFWLYH�PXWDQW�.'3�����'0���3UHYRWHOOD�LQWHUPHGLD�
$7&&������DQG�)XVREDFWHULXP�QXFOHXWXP�$7&&�������$V�KRVW�FHOOV��+D&D7��KXPDQ�
VNLQ�NHUDWLQRF\WH��FHOOV�ZHUH�XVHG��7KHVH�EDFWHULDO�VWUDLQV�ZHUH�JURZQ�DQDHURELFDOO\�DQG�
WKH�FXOWXUH� VXSHUQDWDQWV�ZHUH� FROOHFWHG��7KH�HIIHFWV� RI� WKH� FXOWXUH� VXSHUQDWDQWV�RQ� WKH�
JOXFRVH�PHWDEROLVP�RI�WKH�KRVW�FHOOV�ZHUH�HYDOXDWHG��*OXFRVH�PHWDEROLF�DFWLYLW\�RI�KRVW�
FHOOV�ZDV�HYDOXDWHG�XVLQJ�D�S+�VWDW�V\VWHP�WKDW�FDQ�PRQLWRU�WKH�DPRXQW�RI�DFLG�SURGXFHG�
IURP�JOXFRVH�E\�KRVW�FHOOV��7KH�RUJDQLF�DFLGV�LQ�WKH�FXOWXUH�VXSHUQDWDQWV�ZHUH�DQDO\]HG�
ZLWK�+3/&��DQG�WKH�HIIHFWV�RI�RUJDQLF�DFLGV�RQ�KRVW�FHOOV�ZHUH�DOVR�H[DPLQHG�VLPLODUO\� 
5HVXOWV� DQG�&RQFOXVLRQ�� 7KH� FXOWXUH� VXSHUQDWDQWV� RI�3�� JLQJLYDOLV�:7� LQKLELWHG� WKH�
JOXFRVH�PHWDEROLF�DFWLYLW\�RI�KRVW�FHOOV�VLJQLILFDQWO\��EXW� WKRVH�RI�3��JLQJLYDOLV�'0��3��
LQWHUPHGLD�DQG�)��QXFOHDWXP�GLG�QRW�LQKLELW��+HDW�WUHDWPHQW����ႏ�IRU����PLQ��DEROLVKHG�
WKH� LQKLELWRU\� DFWLYLW\� RI� WKH� FXOWXUH� VXSHUQDWDQWV� RI�3�� JLQJLYDOLV�:7��2UJDQLF� DFLGV�
GHWHFWHG� LQ� FXOWXUH� VXSHUQDWDQWV� RI� 3�� JLQJLYDOLV� :7� KDG� QR� HIIHFW� RQ� WKH� JOXFRVH�
PHWDEROLF�DFWLYLW\�RI� WKH�KRVW�FHOOV��7KHVH�UHVXOWV�VXJJHVW� WKDW�JLQJLSDLQV�RU�JLQJLSDLQ�
DVVRFLDWHG�SURWHLQV�GHULYHG� IURP�3�� JLQJLYDOLV� LQKLELWV� WKH�JOXFRVH�PHWDEROLVP�RI�KRVW�
FHOOV��DOWKRXJK�IXUWKHU�VWXGLHV�DUH�QHHGHG�WR�LGHQWLI\�WKH�PROHFXOHV�LQYROYHG�LQ�PHWDEROLF�
LQKLELWLRQ�� 7KLV� LQKLELWRU\� IXQFWLRQ� RI� 3�� JLQJLYDOLV� FRXOG� UHODWH� WR� WKH� RQVHW� RI�
SHULRGRQWLWLV� 
 
5HVHDUFK�LQWHUHVW 
3HULRGRQWRORJ\��%LRFKHPLVWU\ 
 
6KRUW�&9 
 

������'�'�6���7RKRNX�8QLYHUVLW\�6FKRRO�RI�'HQWLVWU\ 
 

�����±�������'HQWDO�UHVLGHQW��7RKRNX�8QLYHUVLW\�+RVSLWDO 
�����±�SUHVHQW��3K�'��FRXUVH�VWXGHQW��7RKRNX�8QLYHUVLW\�*UDGXDWH�VFKRRO�RI�'HQWLVWU\��  
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5HJXODWRU\ HIIHFW RI PL5���� RQ 0� W\SH SRODUL]DWLRQ RI PDFURSKDJHV

XQGHU KLJK JOXFRVH HQYLURQPHQW

-LDMXQ /L���� <XH /LX�� -LQ\XDQ &KHQ�� -LD\LQJ 'HQJ�� &KDQJ\L /L�� (LML 1HPRWR��
6DWRUX <DPDGD�� 6KDR\XQ -LDQJ�

�� 7LDQMLQ 0HGLFDO 8QLYHUVLW\ +RVSLWDO RI 6WRPDWRORJ\
�� &HQWHU 6WRPDWRORJ\� 6KHQ]KHQ +RVSLWDO� 3HNLQJ 8QLYHUVLW\

�� 'HSDUWPHQW RI 3HULRGRQWRORJ\ DQG (QGRGRQWRORJ\� 7RKRNX 8QLYHUVLW\ *UDGXDWH
6FKRRO RI 'HQWLVWU\

7KLV ZRUN ZDV VXSSRUWHG E\ JUDQWV IURP ,Q KRVSLWDO IXQG RI 6KHQ]KHQ +RVSLWDO�
3HNLQJ 8QLYHUVLW\ �1R� -&<-�������5&�� 7LDQMLQ 1DWXUDO 6FLHQFH )XQGDWLRQ�1R�
��-&<%-&��� ���
*VYYLZWVUKPUN H\[OVY! :OHV`\U 1PHUN

2EMHFWLYH� 6WXGLHV VKRZQ WKDW PL5���� SOD\V D SURWHFWLYH UROH LQ SHULRGRQWLWLV� DQG
PDFURSKDJH SRODUL]DWLRQ SOD\V DQ LPSRUWDQW UROH LQ WKH SDWKRJHQHVLV RI SHULRGRQWLWLV
DQG GLDEHWHV� +RZHYHU� LW LV XQNQRZQ ZKHWKHU PLFUR51$���� �PL5����� DIIHFWV WKH
SRODU SKHQRW\SH RI PDFURSKDJHV LQ GLDEHWLF SHULRGRQWLWLV� 7KLV VWXG\ ZDV DLPHG WR
LQYHVWLJDWH WKH UHJXODWLRQ RI PL5���� RQ WKH SRODUL]DWLRQ RI PDFURSKDJHV XQGHU WKH
KLJK JOXFRVH HQYLURPHQW� DQG WR SURYLGH H[SHULPHQWDO HYLGHQFH IRU H[SORULQJ WKH
SDWKRJHQHVLV RI GLDEHWLF SHULRGRQWLWLV�
0HWKRG� 7+3�� PRQRF\WHV ZLWK �� Q0 SKRUERO HVWHU �30$� IRU �� K� WKHQ LQFXEDWH
WKH PDFURSKDJHV ZLWK ORZ�JOXFRVH ���� PPRO�/� DQG KLJK�JOXFRVH ��� PPRO�/�
PHGLXP IRU �� K� 5HDO�WLPH SRO\PHUDVH FKDLQ UHDFWLRQ �57�3&5�� HQ]\PH�OLQNHG
LPPXQRVRUEHQW DVVD\ �(/,6$�� :HVWHUQ EORW GHWHFWLRQ RI PL5���� DQG PDFURSKDJHV
SRODUL]DWLRQ UHODWHG IDFWRUV� LQGXFLEOH QLWULF R[LGH V\QWKDVH �L126�� DUJLQDVH�� �$UJ���
DQG LQIODPPDWRU\ IDFWRUV� WXPRU QHFURVLV IDFWRU�Į �WXPRU QHFURVLV IDFWRU�Į� 71)�Į��
LQWHUOHXNLQ �� �,/����� LQIODPPDWLRQ�UHODWHG SDWKZD\V� QXFOHDU IDFWRU NDSSD�%
�1)�ț%� DQG PLWRJHQ�DFWLYDWHG SURWHLQ NLQDVH �PLWRJHQ�DFWLYDWHG SURWHLQ NLQDVH�
0$3.� FKDQJHV� $IWHU KLJK JOXFRVH VWLPXODWLRQ� PL5���� PLPLFV ZHUH XVHG WR
WUDQVIHFW PDFURSKDJHV� 57�3&5� (/,6$� :HVWHUQ EORW ZHUH XVHG WR GHWHFW WKH HIIHFWV
RI PL5���� RQ PDFURSKDJH SRODUL]DWLRQ �
5HVXOWV� $IWHU WKH PDFURSKDJHV ZHUH VWLPXODWHG E\ KLJK JOXFRVH IRU �� KRXUV澱 WKH
H[SUHVVLRQ RI PL5���� DQG 0� W\SH PDUNHUV �$UJ��� ,/���� GHFUHDVHG VLJQLILFDQWO\澱
ZKLOH 0� W\SH�UHODWHG F\WRNLQHV �L126� 71)�Į�澱DQG S�S��� S�(5.� S�S�� LQFUHDVHG
VLJQLILFDQWO\� $IWHU WUDQVIHFWLRQ RI PL5���� PLPLFV XQGHU KLJK JOXFRVH VWLPXODWLRQ�
WKH H[SUHVVLRQ RI 0� W\SH�UHODWHG F\WRNLQHV �L126� 71)�Į� P51$ DQG SURWHLQ OHYHOV
GHFUHDVHG VLJQLILFDQWO\� ZKLOH 0� W\SH PDUNHUV � $UJ��� ,/���� H[SUHVVLRQ OHYHOV
LQFUHDVHG VLJQLILFDQWO\� DQG WKH H[SUHVVLRQV RI S�S��� S�(5.� DQG S�S�� GHFUHDVHG
VLJQLILFDQWO\�
&RQFOXVLRQ� KLJK JOXFRVH FDQ SURPRWH PDFURSKDJH 0� SRODUL]DWLRQ DQG LQIODPPDWRU\
UHVSRQVH� 7KLV HIIHFW FDQ EH LQKLELWHG E\ PL5����� LQGLFDWLQJ WKDW PL5���� PD\ SOD\
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Previous researches indicated that there is an aggregate of 
microorganism in dental caries which takes part in promoting the 
occurrence of dental caries, but few studies on anti-caries materials 
IRU�WKHVH�µFRUH�PLFURELRPH¶�ZHUH�GHYHORSHG��2EMHFWLYH��7R�H[SORUH�
the effect of pH-sensitive tertiary amine monomer (DMAEM) on 
the core microbiota of dental caries, and to further study its anti-
caries effect. Methods: The core microbiome of caries (including 
Veillonella parvula, Fusobacterium nucleatum, Prevotella
denticola, Leptotrichia wadei, Streptococcus mutans)were 
anaerobically co-cultured, then treated with DMAEM(6.25mg/ml) 
and PBS in acidic and neutral condition for 10 minutes every 24 
hours, repeated three times. We conducted methylthiazolyl
tetrazolium colorimetry (MTT), lactic acid detection, transverse 
microradiography (TMR), confocal laser scanning microscopy 
(CLSM), quantitative polymerase chain reaction (qPCR) and rat 
model test to study the cariogenic ability changes of the flora. 
Results: ŘUnder acidic conditions, DMAEM can inhibit the 
IRUPDWLRQ�RI�µFRUH�PLFURELRPH¶�ELRILOP, reduce acid production 
and demineralization in vitro. řDMAEM can significantly inhibit 
the cariogenic ability of the core microbiome in vivo. Conclusion: 
DMAEM can response to acidic condition and effectively inhibit 
the growth and cariogenic ability of the core microbiome of caries, 
and it is a promising pH-sensitive materials for caries prevention 
and treatment.

Presenting Author: Bina Yang
Education Experience: Master student in West China School of 
Stomatology, Sichuan University, Chengdu, China.
Research Interest: Research of intelligent anti-caries materials

This research was supported by the National Natural Science 
Foundation of China (81870759, L.C.).

pH-sensitive Tertiary Amine Monomer for the 
Prevention of Dental Caries

Bina Yang, Jing Chen, Mingyun Li, Xuedong Zhou, Lei Cheng

State Key Laboratory of Oral Diseases & National Clinical Research Center for Oral Diseases, 
Department of Cariology and Endodontics, West China Hospital of Stomatology, Sichuan University
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The Sec secretion system of Streptococcus mutans regulates the formation 

of persisters by affecting EPS production 

Yuyao Huang 1,2, Yaling Jiang1,2, Hao Li 1,2, Biao Ren 1*, Lei Cheng 1,2, * 

1 State Key Laboratory of Oral Diseases& West China School of Stomatology& 
National Clinical Research Center for Oral Diseases, Sichuan University, Chengdu 
610064, China 
2 Department of Cariology and Endodontics West China School of Stomatology, 
Sichuan University, Chengdu 610041, China 

Biofilms are crucial for bacterial resistance and refractory infections, which contain 
a high proportion of persister cells. Streptococcus mutans acts as the main cariogenic 
bacterial species. Persisters of S. mutans in biofilms significantly increased their ability 
to produce exopolysaccharides (EPS). However, the specific mechanism is still unclear. 
In this study, we investigated the mechanism of Streptococcus mutans drug-tolerant 
persister cells induced by novel quaternary ammonium: dimethylaminododecyl 
methacrylate (DMADDM). We also found a higher proportion of EPS in persisters, and 
the transcriptome sequencing result showed the expression of genes related to EPS 
production and transmembrane transport was significantly upregulated. Most genes in the 
Sec secretion system, a transmembrane transport system, were significantly upregulated. 
Thus, gene knockout and complement strains of the sec secretion system were constructed. 
The CFU count and death-live staining experiments verified that after 24 hours, the 
number of persisters of gene-knockout strains decreased significantly, and the deletion 
strains ǻsecA, ǻsecY, ǻyidC2 formed the least persisters. At the same time, confocal 
staining indicated EPS production was reduced in sec secretion system gene-knockout 
strains. Our research found the sec secretion system could affect EPS production and 
secretion, thereby regulating the formation of persister cells. secA, secY, and yidC2 
played essential roles in EPS production and secretion in the Sec secretion system. To the 
best of our knowledge, our findings described the effect of the sec secretion system on 
the formation of persister cells in Streptococcus mutans for the first time. Genes in the 
Sec secretion system that have the most significant influence on the formation of 
persisters have been discovered, providing a new therapeutic target for eliminating 
persister cells.    

Huang Yuyao is a graduate student of West China School of Stomatology, Sichuan 
University, who interested in oral microbe, persister cells and antibacterial material.   
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Effect of Methicillin-resistant Staphylococcus aureus on the 

Proliferation of Oral Squamous Cell Carcinoma Cells 

Zheng Wang1,2, Lixin Kong1,2, Xuedong Zhou1,2, Biao Ren1, Lei Cheng1,2 

1. State Key Laboratory of Oral Diseases & National Clinical Research Center for 
Oral Diseases & West China Hospital of Stomatology, Sichuan University, 

Chengdu, 610064, China. 
2. Department of Operative Dentistry and Endodontics, West China School of 

Stomatology, Sichuan University, Chengdu, 610064, China. 
 
Oral squamous cell carcinoma (OSCC) is the most common tumor in oral cavity. 
Methicillin-resistant Staphylococcus aureus (MRSA) were highly detected in OSCC 
patients, however, the interactions and mechanisms between drug resistant bacteria 
(MRSA) and OSCC are not clear. The purpose of this study was to investigate the 
promotion of MRSA on the development of OSCC. 13 MRSA clinical isolates were 
employed and 4 MSSA strains were served as the drug sensitive control. All of the 
MRSA strains significantly increased the proliferation of OSCC cells and MRSA 
arrested the cell cycles of OSCC cells in the S phase. MRSA was capable to activate 
the expression of TLR-4, NF-ț%�DQG�F-fos in OSCC cells. MRSA also promoted the 
development of squamous cell carcinoma in the subcutaneous tumorigenicity mouse 
model. The virulence factor fnbpA gene was significantly upregulated in all of the 
clinical MRSA isolates. By neutralizing FnBPA, the promotions of MRSA on OSCC 
cell proliferation and development of squamous cell carcinoma were significantly 
decreased. Meanwhile, the activation of c-fos and NF-ț%� E\� 056$� ZDV� DOVR�
significantly decreased by FnBPA antibody, indicating that the MRSA upregulated the 
virulence factor FnBPA to activate the c-fos, NF-ț%� SDWKZD\V� WR� SURPRWH� WKH�
proliferation and development of OSCC. We for the first time identified that MRSA 
promoted the development the OSCC and the FnBPA protein was the critical virulence 
factor. Our results also suggested that targeting virulence factor is a new candidate way 
to block the interaction between drug resistant pathogen and the development of tumors. 
 

Name: Zheng Wang 
Gender: Male 
Education: PhD candidate 
E-mail: 1137864854@qq.com 
Research interest: Pathogenic microorganisms; Oral Diseases 
prevention; Microbial interaction; Microorganism and host 
interaction. 
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0RGXODWLRQV� RI� FLUFXODU� 51$V� RQ� FKDUDFWHULVWLFV� RI� 6WUHSWRFRFFXV�

PXWDQV�ELRILOP 

<DODQ�'HQJ��/HL�/HL��7DR�+X��&RUUHVSRQGLQJ�DXWKRU��KXWDR#VFX�HGX�FQ� 
6WUHSWRFRFFXV�PXWDQV � �6��PXWDQV�� LV� D�PDMRU� FRQWULEXWRU� WR� RUDO�ELRILOP� DQG�
FDXVH� GHQWDO� FDULHV��&LUFXODU� 51$V� �FLUF51$V��� D� QRYHO� FODVV� RI� QF51$V��
FRQWULEXWHV� WR� GLYHUVH�ELRORJLFDO� IXQFWLRQV� LQ� HXNDU\RWHV��+RZHYHU��ZKHWKHU�
FLUF51$V� WDNH� D� VLJQLILFDQW� SDUW� LQ� SRVW�WUDQVFULSWLRQDO� UHJXODWLRQV� RI� 6��
PXWDQV�UHPDLQV�XQNQRZQ��7KH�JRDO�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�HIIHFWV�
RI� FLUF51$V�LQ�6��PXWDQV�RQ� ELRILOP� IRUPDWLRQ� DV�ZHOO� DV� LWV� PRUSKRORJLFDO�
FKDUDFWHULVWLFV��%\�FLUF51$�H[SUHVVLRQ�SURILOH�DQDO\VLV�RI�6��PXWDQV�8$�����
VHYHUDO� FLUFXODU�OLNH� 51$V� ZHUH� VFUHHQHG� RXW�� 6DQJHU� VHTXHQFLQJ�� 57�3&5� XVLQJ�
GLYHUJHQW� SULPHUV� DQG�51DVH�5� GLJHVWLRQ� DQDO\VLV�ZHUH� XVHG� WR� FRQILUP� WKH�
FORVHG� ORRS� VWUXFWXUH��+HUH��ZH� IRXQG� FLUFXODU�VWUXFWXUH�51$V�DQG�FLUFXODU�OLNH�
51$V�WKDW�PLJKW�DFFRXQW�IRU�VXFURVH�GHJUDGDWLRQ�DQG�ELRILOP�IRUPDWLRQ�RI�6��PXWDQV��
6FDQQLQJ� HOHFWURQ� DQG� DWRPLF� IRUFH� PLFURVFRS\� ZHUH� DSSOLHG� WR� REVHUYH� WKH�
PRUSKRORJ\� RI� ELRILOPV�� ZKLFK� LQGLFDWHG� DQ� HYHQ� ELRILOP� VXUIDFH� DQG� DQ�
LQFUHDVHG�DGKHVLRQ�IRUFH�RI�FLUFXODU�OLNH�51$�RYHUH[SUHVVLRQ�VWUDLQ��&U\VWDO�YLROHW�
VWDLQLQJ�ZDV�XVHG�WR�TXDQWLI\�WKH�ELRPDVV��DQG�RYHUH[SUHVVLRQ�RI�FLUFXODU�VWUXFWXUH�51$�
VOLJKWO\� HQKDQFHG� LWV� DELOLW\� RI� ELRILOP� IRUPDWLRQ�� 'LVWULEXWLRQ� RI� WKH� H[WUDFHOOXODU�
SRO\VDFFKDULGHV��(36��ZDV�HYDOXDWHG�E\�FRQIRFDO�ODVHU�VFDQQLQJ�PLFURVFRS\��LQ�ZKLFK�
(36�EDFWHULD� UDWLRV� RI� ELRILOPV�RI�FLUFXODU�OLNH� 51$� RYHUH[SUHVVLRQ� VWUDLQ�ZHUH�
GUDPDWLFDOO\� KLJKHU��:KDW¶V�PRUH�� ELRILOPV� IRUPHG� E\� FLUFXODU�VWUXFWXUH�51$V�
RYHUH[SUHVVLRQ� VWUDLQ� SURGXFHG� PRUH� ODFWLF� DFLG�� 7DNHQ� WRJHWKHU�� FLUF51$V� FRXOG�
PRGXODWH�(36�SURGXFWLRQ�DQG�DFLGRJHQLF�FDSDFLW\�RI�6��PXWDQV�ELRILOPV��ZKLFK�PLJKW�
LQGXFH�LWV�FDULRJHQLFLW\��7KLV�VWXG\�EULQJV�XV�LPSOLFDWLRQV�RQ�DQ�LQ�GHSWK�XQGHUVWDQGLQJ�
RI�EDFWHULDO�SRVW�WUDQVFULSWLRQDO�UHJXODWLRQ�FRQGXFWHG�E\�UHJXODWRU\�51$V� 

&9��<DODQ�'HQJ 

3K�'�� &DQGLGDWH�� 6WDWH� .H\� /DERUDWRU\� RI� 2UDO� 'LVHDVHV� 	�
1DWLRQDO� &OLQLFDO� 5HVHDUFK� &HQWHU� IRU� 2UDO� 'LVHDVHV� 	�
'HSDUWPHQW� RI� 3UHYHQWLYH�'HQWLVWU\��:HVW� &KLQD�+RVSLWDO� RI�
6WRPDWRORJ\��6LFKXDQ�8QLYHUVLW\����������&KHQJGX��&KLQD 
7HO����������������� � � (�PDLO�����������#TT�FRP 
5HVHDUFK� VXEMHFW�� PLFURELRORJ\� LQ� FDULHV� DQG� QRQFRGLQJ� 51$V�� FRPSHWLWLRQV� RI�
FLUF51$V� WR� HQGRJHQRXV� PV51$V� LQYROYHG� LQ� WKH� UHJXODWLRQ� RI� H[RSRO\VDFFKDULGHV�
PHWDEROLVP�DQG�FDULRJHQLFLW\�RI�6WUHSWRFRFFXV�PXWDQV 
5HVHDUFK�LQWHUHVW��SRVW�WUDQVFULSWLRQDOO\�UHJXODWRU\�PHFKDQLVP�RI�6WUHSWRFRFFXV�PXWDQV 
3XEOLFDWLRQ��'HQJ�<���<DQJ�<���/HL�/��+X�7��HW�DO��7KH�YLF.�JHQH�RI�6WUHSWRFRFFXV�
PXWDQV�PHGLDWHV�LWV�FDULRJHQLFLW\�YLD�H[RSRO\VDFFKDULGHV�PHWDEROLVP��,17�-�25$/�6&,��
GRL���������V����������������[� 
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Anatomical Limitations and Influencing Factors 

for Molar Distalization 
Yaxin Xie, Victoria Lee Zhi Hui, Kaiwen Zhang, Haoran Chen, Wenze Han, Ye Tian, 
Yijia Yin, Han Xianglong* 
 
 
 
 
 
 
 
 
 
 
 
Objective: Molar distalization depends strongly on the clinician’s thorough 
understanding of the topography of posterior region of the alveolar bone, previous studies 
revealed variations in the available distance and cortical bone thickness (CBT) for molar 
distalization. Therefore, the purpose of this study was to define the said region, and 
analyze the anatomical limitations and influencing factors of maxillary and mandibular 
retromolar regions for molar distalization using cone-beam computed tomography 
(CBCT). 
Materials and Methods: 120 standard-compliant patients were classified into equal 
groups of skeletal Class II and Class III, and subsequently stratified by vertical growth 
pattern, age, sex and presence of third molar. The CBCT scans of the patients were taken 
and a posterior occlusal line (POL) was drawn to represent the axis of distalization (AOD). 
The available distance along AOD and the corresponding CBT were measured at different 
mesial-distal and coronal-apical levels of the retromolar regions of Class II maxilla and 
Class III mandible respectively.  
Results: The minimum available distance and corresponding CBT of the Class II maxilla 
was 4.06 ± 1.93 and 1.00 mm at a level 3mm from CEJ, while that of the Class III 
mandible was 2.80 ± 1.96 and 2.24 mm at a level 9mm from CEJ. Regarding on the other 
individual factors, patients with hyperdivergent growth pattern have the smallest 
available space among the three vertical growth patterns, which showed exceptionally 
strong correlations in Class III mandible. However, there were no significant variations 
in age, sex and presence of third molar. 
Conclusions:  
The anatomical limitation for molar distalization in the Class II maxilla is closer to 
coronal level, and that of the Class III mandible is closer to apical level. Vertical growth 
patterns affect available distance for distalization of both jaws. As such, CBCT evaluation 
of retromolar region three-dimensionally is recommended before molar distalization. 

Presenter: Yaxin Xie, Postgraduate, Department of 
Orthodontics and Pediatric Dentistry, West China Hospital of 
Stomatology, Sichuan University, Chengdu, China 
Research interest: My main area of interest is the 
mechanisms between the growth of the craniofacial complex 
and orthodontic tooth movement. Molar distalization can 
relieve the dental crowding for non-extraction treatment. I can 
possibly propose to analyze the anatomical boundary of molar 
distalization, and the correlation with facial growth pattern. 

【】‘
P9-2



 

Oral status and homebound status: A 6-year bidirectional exploratory 

prospective cohort study 
Hazem Abbas, Jun Aida, Sakura Kiuchi, Katsunori Kondo, Ken Osaka 
 

Objectives 

Little is known about the association between oral status and homebound status, and there is 
a possibility of a bidirectional relationship between them. In this exploratory prospective 
cohort study, we examined the association between four oral status measurements and being 
homebound bidirectionally. 

Methods 

We used 2010±2016 panel data gathered from the Japan Gerontological Evaluation Study. 
All functionally independent participants aged 65 years or older (n = 26,579) were included 
in this study. Multiple imputation and Poisson regression were used for analyses. We 
adjusted for age, sex, education, comorbidity, and depressive symptoms. 

Results 

In the fully adjusted model, the prevalence ratio (PR) of being homebound at follow-up was 
1.42 for having <20 remaining teeth, 1.28 for having chewing difficulty, 0.99 for having 
choking experience, and 0.94 for having dry mouth at baseline. Reversely, being homebound 
at baseline predicted having chewing difficulty at follow-up (PR = 1.17), while no significant 
association was demonstrated with having <20 teeth (PR = 1.00), choking experience 
(PR = 1.06), and dry mouth (PR = 1.02). 

Conclusion 

Chewing difficulty and having <20 remaining teeth predicted homebound status after 6 years. 
Reversely, homebound status at baseline only predicted having chewing difficulty at follow-
up. These findings may help to determine the oral frailty assessment measures for older 
people. 

Hazem Abbas - BSc, MSc, PhD candidate 
International and community oral Health Department 
Graduate school of Dentistry - Tohoku University 
Research interest: Dental Public Health and Social Epidemiology. 
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Research: An image quality comparison study 
between homemade and commercial dental cone-beam CT systems 

 
Abstract 
Purpose: Cone-beam computed tomography (CBCT) has been widely applied in 

dental and maxillofacial imaging. Several dental CBCT systems have been recently 
developed in order to improve the performance. This study aimed to evaluate the image 
quality of our prototype (YMU-DENT-P001) and compare with a commercial POYE Expert 
3DS dental CBCT system (system A). 

Methods: The Micro-CT Contrast Scale, Micro-CT Water and Micro-CT HA 
phantoms were used to evaluate the two CBCT systems in terms of contrast-to-noise ratio 
(CNR), signal-to-noise ratio (SNR), uniformity (U), distortion, and linearity in the 
relationship between image intensity and calcium hydroxyapatite concentration. We also 
fabricated a proprietary thin-wire phantom to evaluate full width at half maximum (FWHM) 
spatial resolution. Both CBCT systems used the same exposure protocol, and data analysis 
was performed in accordance with ISO standards using a proprietary image analysis platform. 

Results: The SNR of our prototype system was nearly five times higher than that of 
system A (prototype: 159.85 ± 3.88; A: 35.42 ± 0.61; p < 0.05) and the CNR was three times 
higher (prototype: 329.39 ± 5.55; A: 100.29 ± 2.31; p < 0.05). The spatial resolution of the 
prototype (0.2446 mm) greatly exceeded that of system A (0.5179 mm) and image distortion 
was lower (prototype: 0.03 mm; system A: 0.285 mm). Little difference was observed 
between the two systems in terms of the linear relationship between bone mineral density 
(BMD) and image intensity. 

Conclusions: Within the scope of this study, our prototype YMU-DENT-P001 
outperformed system A in terms of spatial resolution, SNR, CNR, and image distortion. 
 
 

 

 

 

 

https://www.qrm.de/content/products/microct/microct_contrastscale.htm
https://www.qrm.de/content/products/microct/microct_water.htm
https://www.qrm.de/content/products/microct/microct_water.htm
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/RFDWLRQDO�HIIHFWV�RQ�RUDO�PLFURELRWD�DPRQJ�ORQJ�WHUP�FDUH�SDWLHQWV 
)D�7]X�7VDL 

,QVWLWXWLRQ�RI�2UDO�%LRORJ\��1DWLRQDO�<DQJ�0LQJ�&KLDR�7XQJ�8QLYHUVLW\��
7DLSHL��7DLZDQ�  

,QWURGXFWLRQ� 
'\VELRVLV�LPSDLUV�ERWK�RUDO�DQG�JHQHUDO�KHDOWK��DQG�PRGLI\LQJ�WKH�PLFURELRWD�PD\�EH�D�
QHZ�DSSURDFK� WR�PDQDJLQJ�GLVHDVHV��+RZHYHU�� IHZ�$VLD�EDVHG�VWXGLHV�KDYH�HYDOXDWHG�
ZKHWKHU�PRGLI\LQJ�WKH�GHQWDO�WUHDWPHQW�RIIHUHG�WR�ORQJ�WHUP�FDUH�SDWLHQWV�UHFHLYLQJ�KRPH�
FDUH� RU� RXWSDWLHQW� FDUH� EDVHG� RQ� RUDO� PLFURELRWD� DQDO\VLV� PD\� PLQLPL]H� WKH� ULVN� RI�
SQHXPRQLD�DQG�LPSURYH�WKHLU�VDIHW\�DQG�TXDOLW\�RI�OLIH��  
0HWKRGV� 
1H[W�JHQHUDWLRQ�VHTXHQFLQJ��1*6��ZDV�XVHG�WR�LGHQWLI\�WKH�RUDO�EDFWHULDO�FRPSRVLWLRQ�
DQG� DEXQGDQFH� LQ� ��� SDWLHQWV� UHFHLYLQJ� ORQJ�WHUP� FDUH�� ��� IURP� WKH� GHQWDO� RXWSDWLHQW�
GHSDUWPHQW� �23'�� RI� VSHFLDO� QHHGV� DQG� ��� FRPPXQLW\�GZHOOLQJ� SDWLHQWV��7KHLU� EDVLF�
FOLQLFRGHPRJUDSKLF� LQIRUPDWLRQ� ZDV� REWDLQHG�� DQG� 1*6� ZDV� XVHG� WR� DQDO\]H� WKH�
PLFURELRWD�FRPSRVLWLRQ�LQ�HDFK�SDWLHQW¶V�WRQJXH�SODTXH��  
5HVXOWV� 
%RWK�JURXSV�KDG�GLIIHUHQW�EDFWHULDO�ULFKQHVV�DQG�HYHQQHVV��DQG�WKHLU�GRPLQDQW�EDFWHULDO�
VSHFLHV�ZHUH�DOVR�VLJQLILFDQWO\�GLIIHUHQW��6SHFLHV�ULFKQHVV�DQG�HYHQQHVV�ZDV�KLJKHU�LQ�WKH�
23'�JURXS�WKDQ�LQ�WKH�KRPH�FDUH�JURXS��ZKLFK�VXJJHVWV�WKDW�WKH�EDFWHULDO�VSHFLHV�ZHUH�
PRUH�EDODQFHG�LQ�WKH�23'�JURXS��)XUWKHUPRUH��ZLWKLQ�JURXS�FRPSDULVRQV�UHYHDOHG�WKDW�
WKH�PLFURELRWD�RI�KRPH�FDUH�SDWLHQWV�ZHUH�PRUH�GLYHUJHQW�WKDQ�WKDW�RI�23'�SDWLHQWV��The 
important bacterial species at the genus level such as Actinomyces, Prevotella in OPD 
patients and Pseudomonas in home care patients. 7RJHWKHU��WKHVH�ILQGLQJV�LQGLFDWH�WKDW�
KRPH�FDUH�SDWLHQWV�KDYH�D�KLJKHU�ULVN�RI�RUDO�RU�JHQHUDO�GLVHDVH�EHFDXVH�RI�WKH�H[LVWHQFH�
RI�VSHFLILF�DQG�GRPLQDQW�VSHFLHV�DV�ZHOO�DV�D�PRUH�XQVWDEOH�RUDO�HQYLURQPHQW��  
&RQFOXVLRQ� 
8QGHU�WKH�OLPLWDWLRQ�RI�WKLV�VWXG\��ZH�ZRXOG�OLNH�WR�FRQFOXGHG�WKDW�D�VLJQLILFDQW�GLIIHUHQFH�
H[LVWV�LQ�WKH�RUDO�PLFURELRWD�EHWZHHQ�ORQJ�WHUP�FDUH�SDWLHQWV�UHFHLYLQJ�WUHDWPHQW�DW�23'�
DQG�WKRVH�UHFHLYLQJ�KRPH�FDUH��7KH�RUDO�PLFURELRWD�RI�KRPH�FDUH�SDWLHQWV�ZDV�OHVV�GLYHUVH�
WKDQ�WKDW�RI�23'�SDWLHQWV��DQG�VSHFLILF�SDWKRJHQ�VSHFLHV�ZDV�GRPLQDQW��ZKLFK�PD\�OHDG�
WR�G\VELRVLV� 
&9� 
1DWLRQDO�<DQJ�0LQJ�&KLDR�7XQJ�8QLYHUVLW\��,QVWLWXWLRQ�RI�2UDO�%LRORJ\��3K�'��VWXG\�LQ�
VFKRRO��  
.DRKVLXQJ�0HGLFDO�8QLYHUVLW\��'HSDUWPHQW�RI�2UDO�+\JLHQH��0DVWHU�RI�2UDO�+\JLHQH��  

【】‘
P9-6



 
 

, 

Research Interest   : Prosthodontics   
 

SHORTENING DENTAL ARCH IN MINI DENTAL 
IMPLANT 

Imam Safari Azhar1,3,4*, Utari Kresnoadi1,3 , Maretaningtias Dwi Ariani1,3 , Sheila Ayu N2 
1 Prosthodontics Department, Faculty of Dental Medicine ± Universitas Airlangga, Surabaya - Indonesia. 

   2 Prosthodontics Resident, Faculty of Dental Medicine, Universitas Airlangga, Surabaya, Indonesia 
3 Prosthodontics Department, Academic Dental Hospital, Universitas Airlangga, Surabaya, Indonesia  
4 Staff of Universitas Airlangga Hospital, Universitas Airlangga, Surabaya, Indonesia 

  *Correponding Author E-mail : imam-safari-azhar@fkg.unair.ac.id 
 
ABSTRACT 

 
Backround : Shortened dental arches consisting of anterior and premolar teeth have 
been shown to meet oral functional demands. The World Health Organization indicates 
that a functional, esthetic, natural dentition has at least 20 teeth. This treatment option 
for the partially dentate patient may provide oral functionality, improved oral hygiene, 
comfort, and, possibly, reduced costs. Objective: To explain the case shortening dental 
arch with splint crown in mini dental implant.  Case Report : A male patient, 40-years-
old, came to Dental Hospital Universitas Airlangga with a complaint to replace the 
lower right and left teeth that had been extracted 1 year ago with a denture that could 
not be removed. The patient wants to make dentures to make them more comfortable 
when chewing. The tooth extraction was performed ± 1 year ago in the lower left 
posterior tooth region caused caries. Case management : Based on the existing clinical 
conditions in patient, we examined the thickness of the existing bone. Then we 
performed to insert an implant fixture 3.0x10 mm type TS III SA in region 34 and 
3.5x10 mm type ET III SA Osstem in region 35. This treatment using one stage surgery 
with splint crown restoration. Conclusion : In this case, patient refused invasive 
surgical procedure as bone augmentation. Shortening dental arch was chosen due to the 
loss of the antagonist teeth. Implant supported splint crown can be another solution 
beFDXVH� LW¶V� DEOH� WR�PDLQWDLQ� WKH� ORQJ� WHUP�RI�PLQL� GHQWDO� LPSODQW� HVSHFLDOO\� LQ� WKH�
posterior region. 
KEYWORDS: Shortening dental arch , Mini dental implant, Splint Crown. 
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,QIOXHQFH RI 1G�<$* ODVHU LUUDGLDWLRQ RQ HQDPHO DIWHU ,QWHUSUR[LPDO

HQDPHO UHGXFWLRQ
=KRX <L�=KDRKXL =RX�<XH :DQJ�;LQ <X�0LQ :DQJ�<LTLQ :DQJ

+RVSLWDO RI 6WRPDWRORJ\� 7LDQMLQ 0HGLFDO 8QLYHUVLW\

=KRX <L�JUDGXDWH VWXGHQW DW +RVSLWDO RI 6WRPDWRORJ\� 7LDQMLQ
0HGLFDO 8QLYHUVLW\�0DMRU LQ 2UDO ODVHU PHGLFLQH DQG
2UWKRGRQWLFV� (�PDLO DGGUHVV������������#����FRP
3KRQH�������������

$EVWUDFW
2EMHFWLYH� &DULHV SUHYHQWLRQ DIWHU ,QWHUSUR[LPDO HQDPHO UHGXFWLRQ�,35� KDV
JUDGXDOO\ DWWUDFWHG ZLGHVSUHDG DWWHQWLRQ LQ RUWKRGRQWLFV�7KLV VWXG\ DLPHG WR
HYDOXDWH WKH VXUIDFH WRSRJUDSK\ DQG EDFWHULDO DGKHVLRQ DQG WKH
WHPSHUDWXUH FKDQJH LQ SXOS FKDPEHU RI WHHWK ZLWK ,35 DIWHU ���QP 1G�<$*
ODVHU LUUDGLDWLRQ DQG GLVFXVV WKH IHDVLELOLW\ RI SUHYHQWLQJ FDULHV ZLWK ODVHU
LUUDGLDWLRQ DIWHU ,35�
0HWKRGV� 7KH H[WUDFWHG WHHWK ZHUH XVHG DV ,35 PRGHO VDPSOHV DQG GLYLGHG LQWR
FRQWURO JURXS� IOXRULQH SUHSDUDWLRQ JURXS DQG GLIIHUHQW SRZHU ODVHU LUUDGLDWLRQ
FRPELQHG ZLWK V\QHUJLVW JURXS�7KH HQDPHO VXUIDFH WRSRJUDSK\ ZDV HYDOXDWHG
E\ VFDQQLQJ HOHFWURQ PLFURVFRSH�6(0��7KH VWUHSWRFRFFXV PXWDQVZDV�6�0�
LQRFXODWHG LQ VDPSOH WHHWK LQ DOO JURXSV�7KH DPRXQW RI VWUHSWRFRFFXV PXWDQV
DGKHVLRQ ZDV PHDVXUHG E\ WKH 3ODWH &RXQW DQG 0LFURSODWH UHDGHU GHWHFWLRQ
PHWKRG�7KH WHPSHUDWXUH FKDQJH LQ SXOS FKDPEHU RI WHHWK ZKHQ LUUDGLDWHG E\
GLIIHUHQW SRZHU ODVHUV ZDV PHDVXUHG E\ D . W\SH WKHUPRFRXSOH WKHUPRPHWHU �
5HVXOW� 7KH VXUIDFH WRSRJUDSKLHV PHDVXUHG E\ 6(0 LQ WKH ���: DQG ���: ODVHU
LUUDGLDWLRQ JURXSV ZHUH VLJQLILFDQWO\ VPRRWKHU FRPSDUHG WR RWKHU JURXSV �
%DFWHULDO SODWH FRXQWV LQ �� + VKRZHG WKDW WKH DPRXQW RI EDFWHULDO DGKHVLRQ RQ
WKH HQDPHO VXUIDFH LQ JURXSV H[FOXGLQJ WKH ���: DQG ���: ODVHU JURXSV ZDV
OHVV WKDQ WKDW RI WKH FRQWURO JURXS �3������� DQG WKH ���: ODVHU LUUDGLDWLRQ
JURXS KDG WKH PLQLPXP DPRXQW RI EDFWHULDO DGKHVLRQ� WKH DEVRUEDQFH RI WKH
EDFWHULDO OLTXLG LQ HDFK WUHDWPHQW JURXSV� H[FOXGLQJ WKH ���: ODVHU JURXS� ZDV
ORZHU WKDQ WKDW RI WKH FRQWURO JURXS� LQGLFDWLQJ WKDW WKH EDFWHULDO OLTXLG
FRQFHQWUDWLRQ ZDV ORZHU WKDQ WKH FRQWURO JURXS �3 ˘ ������DQG ���: ODVHU
LUUDGLDWLRQ JURXS KDG WKH PLQLPXP DEVRUEDQFH� :KHQ WKH ODVHU LUUDGLDWLRQ
SRZHU UHDFKHG ���: DQG DERYH� WKH WHPSHUDWXUH FKDQJH LQ SXOS FKDPEHU
LQFUHDVHG E\ PRUH WKDQ ���� �3�������
&RQFOXVLRQ�1G�<$* ODVHU LUUDGLDWLRQ FRPELQHG ZLWK V\QHUJLVW FDQ VDIHO\ DQG
VLJQLILFDQWO\ UHGXFH WKH VXUIDFH URXJKQHVV DQG EDFWHULDO DGKHVLRQ RI HQDPHO
ZLWK ,35� ,Q WKLV VWXG\� ���: PD\ EH WKH EHVW ODVHU SRZHU�
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7KH�KXPDQ�2UDO�±�QDVRSKDU\Q[�0LFURELRPH�DV�D�5LVN�6FUHHQLQJ�7RRO�

IRU�1DVRSKDU\QJHDO�&DUFLQRPD 

<X�+DR��������;LDQ�3HQJ������=KL�=HQJ������3LQJ�$L���4L�+DQ�����%LDR�5HQ���0LQJ\XQ�/L���+DRKDR�:DQJ�����
;LQ[XDQ�=KRX���<XH�0D�����;XHGRQJ�=KRX�������/HL�&KHQJ���� 

��6WDWH�.H\�/DERUDWRU\�RI�2UDO�'LVHDVHV��:HVW�&KLQD�+RVSLWDO�RI�6WRPDWRORJ\��1DWLRQDO�&OLQLFDO�5HVHDUFK�&HQWHU�IRU�2UDO�'LVHDVHV��6LFKXDQ�

8QLYHUVLW\��&KHQJGX����������&KLQD�����������#TT�FRP��<�+����SHQJ[��#KRWPDLO�FRP��;�3����KDQTL������#����FRP��4�+���

UHQELDR#VFX�HGX�FQ��%�5����OLPLQJ\XQ#VFX�HGX�FQ��0�/����ZDQJKDRKDR#VFX�HGX�FQ��+�:����]KRX[LQ[XDQ����#����FRP��;�=��� 

��'HSDUWPHQW�RI�2SHUDWLYH�'HQWLVWU\�DQG�(QGRGRQWLFV��:HVW�&KLQD�6FKRRO�RI�6WRPDWRORJ\��6LFKXDQ�8QLYHUVLW\��&KHQJGX����������&KLQD� 

��'HSDUWPHQW�RI�0HGLFDO�2QFRORJ\��&DQFHU�&HQWHU��:HVW�&KLQD�+RVSLWDO��6LFKXDQ�8QLYHUVLW\��&KHQJGX����������&KLQD��

����������#TT�FRP��=�=��� 

��'HSDUWPHQW�RI�5DGLDWLRQ�2QFRORJ\�DQG�'HSDUWPHQW�RI�+HDG�	�1HFN�2QFRORJ\��&DQFHU�&HQWHU��:HVW�&KLQD�+RVSLWDO��6LFKXDQ�8QLYHUVLW\��

&KHQJGX����������&KLQD��DLSLQJ�����#����FRP��3�$��� 

��'HSDUWPHQW�RI�2UDO�3DWKRORJ\��:HVW�&KLQD�6FKRRO�RI�6WRPDWRORJ\��6LFKXDQ�8QLYHUVLW\��&KHQJGX����������&KLQD� 

��:HVW�&KLQD�6FKRRO�RI�3XEOLF�+HDOWK�DQG�:HVW�&KLQD�)RXUWK�+RVSLWDO��6LFKXDQ�8QLYHUVLW\��&KHQJGX����������&KLQD� 

 

$EVWUDFW 
NPC (Nasopharyngeal carcinoma) is a common head and neck cancer� ZLWK� poor 
prognosis.�Finding a simple and convenient screening tool for early detection and risk 
screening of NPC is urgent. A total of 139 microbial samples were collected from 40 
healthy people and 39 patients with nasopharyngeal biopsy, including 40 and 39 oral, 
HLJKW and 27 nasal cavity, QLQH and 16 nasopharyngeal microbial samples. $ risk screening 
tool for NPC was established by 16S rDNA sequencing and random forest.�3atients with 
nasopharyngeal biopsy KDG�significantly lower nasal cavity and nasopharynx microbial 
diversities WKDQ healthy people. 7he oral microbiome based on beta diversity� was 
significantO\ differenW� EHWZHHQ� WKH� WZR� JURXSV. The NPC screening tools based� RQ 
nasopharyngeal and oral microbiomeV have 88% and�77.2%�accuracies, respectively. The 
nasopharyngeal biopsy patients had significantly higher Granulicatella abundance in 
WKHLU�oral cavity and lower Pseudomonas and Acinetobacter in the nasopharynx than 
healthy people. 7KLV� VWXG\� HVWDEOLVKHG� microbiome�based non-invasive, simple, no 
radiation, and low-cost� NPC screening tools� IRU high-risk NPC examination. ,W� LV�
EHQHILFLDO�WR�JXLGH�SHRSOH�ZLWK�D�KLJK�ULVN�RI�13&�IRU�IXUWKHU�H[DPLQDWLRQ�ZKLFK�PLJKW�
LPSURYH�WKH�HDUO\�GHWHFWLRQ�RI�13&�DQG�VDYH�SXEOLF�KHDOWK�FRVWV� 

1DPH��<X�+DR 
'RFWRUDO� FDQGLGDWH�� 'HSDUWPHQW� RI� 2SHUDWLYH� 'HQWLVWU\� DQG�
(QGRGRQWLFV�� :HVW� &KLQD� 6FKRRO� RI� 6WRPDWRORJ\�� 6LFKXDQ�
8QLYHUVLW\ 
(�PDLO�����������#TT�FRP 
5HVHDUFK�LQWHUHVWV� 0LFURELRORJ\��+HDG�DQG�1HFN�&DQFHU 
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Viscometry study on residual saliva using ultra micro-volume 
viscometer: a preliminary study on the method for collection of residual 
saliva  
Uchigasaki, I.1), Tanaka, Y.1), Mizukami, M.2), Kurihara, K.2), Hattori,Y.1) 
1) Division of Aging and Geriatric Dentistry, Department of Rehabilitation Dentistry, 
Tohoku University Graduate School of Dentistry 
2) New Industry Creation Hatchery Center (NICHe), Tohoku University 
 
The rheological properties of the residual saliva may affect its coating as well as 
lubrication capacities. However, its viscosity has never been documented so far, because 
the quantity of collectable sample of residual saliva is so less that its viscometry is 
unavailable using conventional viscometers. Recently, an ultra micro-volume viscometer 
(RSM-MV1), which measures the liquid viscosity even with a smallest volume of 5 µL 
was developed by Kurihara et al., and paved the way for the viscosity measurement of 
the residual saliva. This study aimed to develop the collection method of residual saliva 
samples from various sites of the oral cavity in humans. The requirements for the 
specification included that the collectable amount from a circular area on the mucosal 
surface with a diameter of 15 mm far exceeds the requisite amount for viscometry, and 
that the collection itself has no effect on the viscosity of collected saliva sample. We used 
glass capillaries and rubber pipettes to collect saliva samples. With the approval of the 
study protocols by the Institutional Review Board at Tohoku University Graduate School 
of Dentistry, residual saliva samples were collected from various sites of the oral cavity 
in general volunteers (3 males). The quantity of salivary samples was evaluated by 
weighing the capillaries. In addition, effects of saliva collection using capillaries on 
measured viscosity was evaluated using the unstimulated whole saliva collected from a 
volunteer. In every part other than the anterior part of tongue dorsum, the amount of 
collected residual saliva was much greater than 5 µL. The viscosity of unstimulated whole 
saliva showed no significant change before and after the collection using the capillaries. 
The findings suggest that the method used in this study could be a promising way for the 
viscometry study of the residual saliva.  
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Research interests include rheological and tribological properties of saliva and their 
relations with oral function    
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Research interest : Prosthodontics 
 

NTI-tss as a Therapy for Temporomandibular Joint Disorder 
(A Case Report) 

Primanda Nur Rahmania1*, Harry Laksono1, Harly Prabowo1, Valerian Laksono2 
 
1 Department of Prosthodontics, Faculty of Dental Medicine, Universitas Airlangga, Surabaya, Indonesia 
2 Prosthodontics Residents, Faculty of Dental Medicine, Universitas Airlangga, Surabaya, Indonesia 
*Corresponding Author e-mail: p.nur.rahmania@fkg.unair.ac.id 
 
 
ABSTRACT 
Introduction: TMD are disorders related to the masticatory system, which are considered 
the main musculoskeletal cause of orofacial pain. A large proportion of the global 
population is affected by TMD, with an estimated 25% of adults presenting signs and/or 
symptoms. The most common TMD diagnosis are from masticatory muscle disorder, and 
myofascial pain is the most common symptom. 
Case Report: 23-year-old female came to Universitas Airlangga Dental Hospital with a 
chief complain of clicking sound and pain in the last 2 years. Pain was felt when eating 
and localized around the ear. Pain has been getting worse since 20 days ago. 
Patient was assessed with DC/TMD. The pain comes and goes, stiff when opening the 
mouth and pain when chewing hard food. Opening pattern is uncorrected to the left. Click 
TMJ noises during open, close, and eccentric movement. Pain on Masseter and lateral 
pole TMJ on the right side. According to the decision tree, the diagnoses are myalgia and 
disc displacement with reduction. 
Case Management: Prescribed with muscle relaxant and N-position exercise, but there 
is no improvement. So, the patient is treated with NTI-tss device for 3 and the symptom 
and pain are reduced. Pain free opening raised from 30 mm to 40 mm. Maximum 
unassisted opening from 44 mm to 46 mm. Maximum assisted opening from 48 mm to 
49 mm. Lateral and protrusive movement from 8 mm to 9 mm. left lateral from 6.5 mm 
to 10 mm. Protrusion from 6 mm to 10 mm. 
Conclusion: NTI-tss device is a treatment option for TMD patients with myofascial pain 
of the masticatory muscles. This could be attributed to an increase activation of 
periodontal mechanoreceptors surrounding incisor teeth that show a much higher 
sensitivity at low force levels compared to posterior teeth. 
Keyword: TMD, DC-TMD, NTI-tss, Myofascial pain 
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Three-dimensional volumetric evaluation of dental pulp cavity/ tooth ratio 
in anterior open bite malocclusion using cone beam computed tomography 
 
Kachaphol Kuharattanachai1; Dhirawat Jotikasthira1; Supassara Sirabanchongkran1; Tanida 
Srisuwan2; Wetchayan Rangsri3; Kanich Tripuwabhrut1 

1 Department of Orthodontics and Pediatric Dentistry, Faculty of Dentistry, Chiang Mai 
University, Chiang Mai, Thailand. 
2 Restorative Dentistry and Periodontology, Faculty of Dentistry, Chiang Mai University, 
Chiang Mai, Thailand. 
3 Department of Mechanical Engineering, Faculty of Engineering, Chiang Mai University, 
Chiang Mai, Thailand. 
Abstract 
Objectives: To assess and compare pulp cavity/ tooth volume ratio of maxillary permanent 
teeth between patients exhibiting anterior open bite malocclusion and those exhibiting 
anterior normal overbite using cone beam computed tomography (CBCT). 
Materials and Methods: 3D dental images from 44 patients aged between 15 and 29 years 
were analyzed. The DICOM files of all dental images were imported into an image 
processing software for calculating pulp cavity volume and tooth volume. Differences of pulp 
cavity volume, tooth volume and pulp cavity/ tooth volume ratio of each tooth type from both 
types of occlusions were analyzed using the independent t-test. The intra-class correlation 
coefficient was used to evaluate intra-examiner reliability.  
Results: The means of pulp cavity/ tooth volume ratio in anterior open bite group were 
significantly greater than those in anterior normal overbite group (central incisor p = 0.001; 
lateral incisor p = 0.00025 and canine p = 0.004). The means of root canal/ root volume ratio 
in anterior open bite group were significantly greater than anterior normal overbite group 
(central incisor p = 0.00001; lateral incisor p = 0.00007 and canine p = 0.001), whereas there 
were no significant differences of the means of pulp chamber/ crown volume was observed.  
Conclusion: Anterior open bite malocclusion might lead to an increase of the pulp cavity 
volume and decrease of the tooth volume due to occlusal hypofunction.  
Clinical relevance: Orthodontic force should be carefully determined in anterior open bite 
patient due to the greater root canal volume and lesser root volume. 
Keywords: Anterior Open Bite, Dental Pulp Cavity, Root Canal, Pulp Chamber, Computed 
Tomography  
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Abstract 

Maximum bite force acts as an important factor in the vertical stability after 
orthodontic treatment and prevents the relapse after anterior open bite correction. 
Objective: Is to study the relationship between the maximum bite force and the amount 
of overjet and overbite in anterior open bite patients. Methods: 17 anterior open bite 
patients (overbite 0-4 mm), 14 females and 3 males aged 26.18±1.929 years were 
included in this study. Lateral cephalograms were taken prior to treatment and were used 
to assess skeletal and dental characteristics. The maximum bite forces were also measured 
before treatment by Flexiforce Taskan. The relationship between the maximum bite force 
and the amount of overjet and overbite were analyzed by Spearman rank correlation 
coefficient. Results: The maximum bite force and the amount of overbite showed 
statistically significant positive correlation (r=0.753, P=0.000). But for overjet, trivial 
negative correlation with no statistically significant (r=-0.159, P=0.543) were found. 
Conclusions: There is a very strong positive relationship between the amount of overbite 
and the maximum bite force but no statistically significant relationship found on amount 
of overjet in anterior open bite patients.  

 

 

  

The relationship between the maximum bite force  
and the amount of overjet and overbite in anterior open 
bite patients: A pilot study. 
Suthinun Suksutthiphan, Wisama Withayanukonkij,  
Pannapat Chanmanee, Chidchanok leethanakul 
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