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Alex Goodridge, Editor

Alex is an Associate Editor at the BMC series. Before joining BMC, Alex completed a BSc in Biological
Sciences and a MSc in Molecular Biotechnology at the University of Birmingham, before working in
industry for a few years as a research scientist at a medical development company, where his role was to
develop new immunodiagnostic assays for various biomarkers. Most recently, Alex completed his PhD
research in Algal Biotechnology at Durham University, where he worked on a project to develop seaweed
biomass as a feedstock for biofuel production using various biochemical and biophysical techniques. Alex
now looks forward to promoting open access publishing and reproducible research in his role at BMC.
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Senior Editorial Board Members

Mariana Braga

Dental techniques; tools, materials and surgical research

Mariana Braga is an Associate Professor in Pediatric Dentistry at the School of Dentistry, University of São
Paulo, Brazil, where she teaches both undergraduate and graduate dental students. In the postgraduate
course, she also teaches about systematic reviews and manuscript writing.  She has completed post-doctoral
studies herself in Health Economics at McMaster University, Canada.  She joined the Editorial Board of BMC
Oral Health as Section Editor in 2018. Her research focuses on investigating the impact of diagnostic and

therapeutic strategies to control dental caries in children. She has been also coordinating multi-institutional initiatives to
improve teaching-learning in Cariology among undergraduate students.  She has published many papers and books on
Pediatric Dentistry. Moreover, Mariana holds a research productivity scholarship (Level 2) from CNPq, a Brazilian funding
agency. 
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Rodrigo Mariño

Delivery, management and promotion of oral health and dental care

Rodrigo Mariño is a public health dentist, Professor of Population Oral Health at the Melbourne Dental School, The University of
Melbourne, where he has worked since 2004. Rodrigo has a dental degree from the University of Chile, a Master's in public
health (U Minn), and a PhD from the University of Melbourne. Rodrigo's research strongly focuses on oral health promotion and
reducing inequalities in oral health status. Rodrigo has excellent research expertise in social epidemiology, dental workforce
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issues, public health, migrant health, Information and Communication Technology, gerontology, and
population oral health. He has established links and maintain continuous contact and research activities with
major research and academic groups in Australia and overseas Rodrigo has published more than 165 papers
in scientific journals and major research reports, and 39 Books Chapters. Rodrigo was the founder and first
President of the e-Oral Health Research Network, IADR, Senior Editorial Board Member with BMC Oral
health and member of the editorial board of two additional international, peer-reviewed journals. Rodrigo
has also been a consultant to the Pan American Health Organization/World Health Organization in
Washington, DC.

Maha El Tantawi

Maha El Tantawi is Professor of Dental Public Health at the Faculty of Dentistry, Alexandria University, Egypt,
where she also obtained Bachelor and Master’s degrees. She received her PhD degree in Dental Public
Health from Alexandria University in a joint supervision mission to the University of Michigan. Maha teaches
biostatistics, principles of research design and evidence-based dentistry to undergraduate and postgraduate
students in Alexandria University and has taught medical and dental students in other universities in Egypt
and Saudi Arabia. Maha’s research interests include global oral health, oral epidemiology, social
determinants of health, dental workforce issues in addition to dental education, e-learning and e-
assessment. She collaborates with several international groups on multi-country projects. Maha has

published more than 100 papers in peer-reviewed international journals and several book chapters. Maha is a Senior Editorial
Board Member with BMC Oral Health and a member of the editorial board of other international, peer-reviewed journals.
Maha was a Guest Editor for the recent Collection titled "Something in the Water - Fluoridation and Caries". 

Back to top

Your Privacy

We use cookies to make sure that our website works properly, as well as some ‘optional’ cookies to personalise content and advertising, provide social media
features and analyse how people use our site. By accepting some or all optional cookies you give consent to the processing of your personal data, including transfer
to third parties, some in countries outside of the European Economic Area that do not offer the same data protection standards as the country where you live. You
can decide which optional cookies to accept by clicking on ‘Manage Settings’, where you can also find more information about how your personal data is processed.
Further information can be found in our privacy policy.

https://www.biomedcentral.com/collections/Fluoride
https://www.biomedcentral.com/privacy-statement


3/29/23, 5:53 AM BMC Oral Health | Editorial board

https://bmcoralhealth.biomedcentral.com/about/editorial-board 4/21

Morenike Oluwatoyin Folayan

Morenike Oluwatoyin Folayan is a Professor of Paediatric Dentistry with the Obafemi Awolowo University,
Ile-Ife. Her research areas of interest are structural determinants of risks for early childhood caries;
adolescents oral, mental, sexual and reproductive health. I focus on translational research and work on
ground as an advocate that pushes for gender equality and rights of marginalised communities. As well as
being a Senior Editorial Board Member, Morenike was a Guest Editor for the recent Collection titled
"Something in the Water - Fluoridation and Caries". 
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Karen Vinall-Collier

Dr Karen Vinall-Collier gained her BSc (Hons) and MSc in Psychology and Psychological Research Methods
from Lancaster University in 2006 before completing her PhD in Health Psychology at the University of
Leeds in 2013. She is Lecturer in Behavioural Sciences for Dental Public Health within the Faculty of
Medicine and Health at the University of Leeds. She is the leading qualitative researcher in the School of
Dentistry and brings psychological research expertise to understanding the patient experience through
teaching and research. She has participated in numerous grant applications across many long-term
conditions concerning oral health. With extensive experience in evidence synthesis, Dr Vinall-Collier has
published systematic, scoping and cost-effectiveness reviews. Dr Vinall-Collier has recently been appointed

Chair of the School of Dentistry Research Ethics Committee. 
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Assistant Editor: Sarah Gray
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Senior Editorial Board Members
Mariana Braga, University of São Paulo, Brazil
Sigrun Eick, Dental Medicine Clinic, University of Bern, Switzerland
Maha El Tantawi, Alexandria University, Egypt
Morenike Oluwatoyin Folayan, Obafemi Awolowo University, Nigeria
Rodrigo Marino, University of Melbourne, Australia
Karen Vinall-Collier, University of Leeds, UK

Editorial Board Members
Ahmed Abdou, King Salman International University, Egypt
Lucas Guimarães Abreu, Universidade Federal de Minas Gerais, Brazil
Samira Adnan, Jinnah Sindh Medical University, Pakistan
Aliye Akcali, Queen Mary University of London, UK
Carlos M. Ardila, University of Antioquia, Colombia
Arheiam Arheiam, University of Benghazi, Libya
Ola Al-Batayneh, Jordan University of Science and Technology, Jordan
Ziad Al-Dwairi, Jordan University of Science and Technology, Jordan
Saqib Ali, College of Dentistry, Imam Abdulrahman Bin Faisal University, Dammam, Saudi Arabia
Thikriat Al-Jewair, University of Buffalo, USA
Sadeq Ali Al-Maweri, College of Dental Medicine, Qatar University
Ahed Al-Wahadni, Jordan University of Science and Technology, Jordan
Mohammad Khursheed Alam, Jouf University, Saudi Arabia
Elham S Abu Alhaija, Qatar University, Qatar
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Mario Alovisi, University of Turin, Italy
Mehmet Ali Altay, Akdeniz University, Turkey
Mohammad Hosein Amirzade-Iranaq,
Universal Network of Interdisciplinary Research in Oral and Maxillofacial Surgery (UNIROMS), Universal Scientific Education and
Research Network (USERN), Tehran, Iran
Oleh Andrukhov, University Clinic of Dentistry, Medical University of Vienna
Alessandro Antonelli, University Magna Graecia of Catanzaro, Italy
Thiago Ardenghi, Universidade Federal de Santa Maria, Brazil
Anura Ariyawardana, James Cook University, Australia
Jason Armfield, The University of Adelaide, Australia
Amit Arora, Western Sydney University, Australia
Shaik Mohammed Asif, King Khalid University, Saudi Arabia
Amber Ather, University of Texas Health San Antonio, USA
Phimon Atsawasuwan, University of Illinois Chicago, USA
Zahi Badran, University of Sharjah, Utd.Arab.Emir.
Mirza Rustum Baig, Faculty of Dentistry, Kuwait University
Domenico Baldi, University of Genoa, Italy
Vasudev Ballal, Manipal Academy of Higher Education, India
Greta Barbe, University hospital of Cologne, Germany
Selene Barone, Magna Graecia University of Catanzaro, Italy
Maria Lavinia Bartolucci, University of Bologna, Italy
Jagan Baskaradoss, Faculty of Dentistry, Kuwait University
Katrin Bekes, Medical University of Vienna, Austria
Ibrahim Bello, King Saud University, College of Dentistry, Department of Oral Medicine and Diagnostic Sciences, Riyadh, Saudi
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Arabia
Francesco Bennardo, Magna Graecia University of Catanzaro, Italy
Meghashyam Bhat, The University of Adelaide, Adelaide Dental School, Australia
Vinodh Bhoopathi, Temple University, USA
Paolo Boffano, Sant'Andrea Hospital of Vercelli, Italy
Rafael Aiello Bomfim, Federal University Of Mato Grosso do Sul, Brazil
Michael Bornstein, University of Berrn, Switzerland
Nagihan Bostanci, University of Zurich, Switzerland
Jonathan Broadbent, University of Otago, New Zealand
Mario Brondani, The University of British Columbia, Canada
S. Kutalmış Buyuk, Ordu University, Turkey
Mario Caggiano, University of Salerno, Italy
Giuseppina Campisi, University of Palermo, Italy
Guglielmo Campus, University of Bern, Switzerland
Vito Carlo Alberto Caponio, University of Foggia, Italy
Massimo Carossa, University of Turin, Italy
Michele Cassetta, "Sapienza", University of Rome, Italy
Angela Pia Cazzolla, University of Foggia, Italy
Roger Keller Celeste, Federal University of Rio Grande do Sul, Brazil
Lucia Cevidanes, University of Michigan, USA
Tanay Chaubal, International Medical University, Malaysia
Prabhat Kumar Chaudhari, All India Institute of Medical Sciences, New Delhi, India
Akhilanand Chaurasia, King George's Medical University, India
Gavriel Chaushu, The Maurice and Gabriela Goldschleger School of Dental Medicine, Tel Aviv University, Israel
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Kitty Chen, Sun Yat-sen University, China
Aditi Chopra, Manipal College of Dental Sciences, Manipal Academy of Higher Education, India
Chun-Hung Chu, The University of Hong Kong, Hong Kong
Marco Cicciù, University of Messina, Italy
Patrícia Corrêa-Faria, Faculdade Sul-Americana, Brazil
Corina Marilena Cristache, Carol Davila University of Medicine ad Pharmacy, Bucharest, Romania
Maria Giulia Cristofaro, Universiti of Magna Graecia of Catanzaro, Italy
Joana Cunha-Cruz, University of Alabama at Birmingham, USA
Gianmaria D’Addazio, University “G. D’Annunzio” of Chieti - Pescara, Italy
Francesco D'Ambrosio, University of Salerno, Italy
Chris Deery, University of Sheffield, United Kingdom
Kunaal Dhingra, All India Institute of Medical Sciences, New Delhi, India
Olga Di Fede, University Of Palermo, Italy
Adolfo Di Fiore, University of Padova, Italy
Federica Di Spirito, University of Salerno, Italy
Dario Di Stasio, University of Campania "Luigi Vanvitelli", Italy
Márcio Diniz, University of Santiago de Compostela, Spain
Mario Dioguardi, University of Foggia, Department of Clinical Experimental Medicine, Italy
Francesca Diomede, Università “G. D’Annunzio” Chieti-Pescara, Italy
Waruna Dissanayaka, Faculty of Dentistry, The University of Hong Kong, Hong Kong
Nikolaos Donos, Queen Mary University of London, UK
Dhelfeson Douglas-de-Oliveira, Federal University of Jequitinhonha and Mucuri Valleys, Brazil
Kangmin Duan, University of Manitoba, Canada
Duangporn Duangthip, The University of Hong Kong, China
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Joerg Eberhard, The University of Sydney, Australia
Shaymaa Elsaka, Mansoura University, Egypt
Temitope Ayodeji Esan, Obafemi Awolowo University, Nigeria
Imran Farooq, Faculty of Dentistry, University of Toronto, Canada
Nima Farshidfar, Shiraz University of Medical Sciences, Iran
Olawunmi Fatusi, Obafemi Awolowo University, Ile-Ife., Nigeria
Fernanda Ferreira, Universidade Federal de Minas Gerais, Brazil
Raquel Ferreira, Federal University of Minas Gerais, Brazil
Martina Ferrillo, University of Catanzaro "Magna Graecia", Italy
Luca Fiorillo, University of Messina, Italy
Rocco Franco, University of Rome "Tor Vergata", Italy
Masako Fujioka-Kobayashi, University of Bern, Switzerland
Sumir Gandhi, Christian Dental College, CMC, India
Maria Giovanna Gandolfi, University of Bologna, Italy
Sherry Shiqian Gao, Department of Stomatology, School of Medicine, Xiamen University, Fujian, China
Aghareed Ghanim, University of Melbourne, Australia
Zahra Ghorbani, Shahid Beheshti University of Medical Sciences, Iran
Fiona Gilchrist, University of Sheffield, UK
Thaís Gimenez, University Ibirapuera, Brazil
Eduardo Maximiliano Fernández Godoy, Universidad de Chile, Chile
Funda Goker, Milan University, Italy
Michaela Goodwin, University of Manchester, UK
Divya Gopinath, International medical University, Malaysia
Francesco Grande, University of Ferrara, Italy
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Cristina Grippaudo, Università Cattolica del Sacro Cuore, Italy
Yongchun Gu, The Ninth People's Hospital of Suzhou, Soochow Universiy, China
Arndt Guentsch, Marquette University School of Dentistry, USA
Pelin Guneri, Ege University School of Dentistry, Turkey
Deepak Gupta, M.M. College of Dental Sciences and Research, India
Esam Halboub, Jazan University, Saudi Arabia
Songlin He, Chongqing medical university, China
Artak Heboyan, Yerevan State Medical University after Mkhitar Heratsi, Armenia
Juliana Hilgert, Universidade Federal do Rio Grande do Sul, Brazil
Lydie Hollá, Masaryk University and St Anne´s University Hospital, Czech Republic
Haizal Mohd Hussaini, Faculty of Dentistry, University of Otago, New Zealand
Alfredo Iandolo, University of Salerno, Italy
Gaetano Isola, University of Catania, Italy
Fawad Javed, University of Rochester, USA
Meltem Ozdemir Karatas, Istanbul University, Turkey
Mohmed Isaqali Karobari, Universiti Sains Malaysia , Malaysia
Moritz Kebschull, University of Birmingham, United Kingdom
Arthur Kemoli, University of Nairobi, Kenya
Mohammad Khami, Tehran University of Medical Sciences, Iran
Junad Khan, Eastman Institute for Oral Health, USA
Shahnavaz Khijmatgar, University of Milan, Italy
Christian Kirschneck, Department of Orthodontics, University of Regensburg, Germany
Marlise Klein, University of Rochester, USA
Georgios Kotsakis, University of Washington, USA
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Nandita Kshetrimayum, Regional Institute of Medical Sciences, Manipur, India
Abhishek Kumar, Karolinska Institutet, Sweden
Mallineni Sreekanth Kumar, Majmaah University, Saudi Arabia
Santhosh Kumar, Manipal College of Dental Sciences, Manipal, Manipal Academy of Higher Education, Manipal, India
Giusy Rita Maria La Rosa, University of Catania, Italy
Manuel Lagravere, University of Alberta, Canada
Abhishek Lal, The Aga Khan University, Pakistan
Mafalda Laranjo, University of Coimbra, Faculty of Medicine, Portugal
Dorina Lauritano, University of Milan-Bicocca, Italy
Claudio Leles, Federal University of Goias, Brazil
Tathiane Lenzi, Federal University of Santa Maria, Brazil
Wenyi Li, University of Melbourne, Australia
Yuqing Li, Sichuan University, China
Antonino Lo Giudice, University of Catania, Department of Orthodontics, Italy
Lucio Lo Russo, University of Foggia, Italy
Alessandro Loguercio, State University of Ponta Grossa, Brazil
Peter Loomer, University of California, San Francisco, USA
Alberta Lucchese, Università della Campania Luigi Vanvitelli, Italy
Vanessa Machado, Egas Moniz - Cooperativa de Ensino Superior, CRL, Portugal
Ricardo Machado, Clinical Practice Limited to Endodontics, Navegantes, Santa Catarina, Brazil
Ilze Maldupa, Riga Stradiņš University, Latvia
Shani Ann Mani, Department of Paediatric Dentistry and Orthodontics, Faculty of Dentistry, Universiti Malaya, Malaysia
Yifat Manor, Tel Aviv University Sakler School of Medicine, Israel
João Miguel Marques dos Santos, Institute of Endodontics, Faculty of Medicine, University of Coimbra, Portugal
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Amy Martin, Medical University of South Carolina, USA
Fabiana Martins, University of Sao Paulo / University of Santo Amaro, Brazil
Carlos Miguel Marto, Faculty of Medicine, University of Coimbra, Portugal
Anand Marya, University of Puthisastra, Cambodia
Marco Mascitti, Marche Polytechnic University, Italy
Jose Eduardo Mate-Sanchez de Val, UCAM University, Spain
Mebin George Mathew, Saveetha Dental College and Hospitals, India
Carlo Eduardo Medina-Solis, Autonomous University of Hidalgo State and Autonomous University of Mexico State, Mexico
Abhishek Mehta, Faculty of Dentistry, Jamia Millia Islamia, New Delhi, India
Rohit Kunnath Menon, Ajman University, United Arab Emirates
Giuseppe Minervini, Multidisciplinary Department of Medical-Surgical and Dental Specialties, University of Campania, Luigi
Vanvitelli, 80138 Naples, Italy
Rasa Mladenovic, University of Kragujevac, Serbia
Tuti Mohd-Dom, Universiti Kebangsaan Malaysia, Malaysia
Stephan Christian Möhlhenrich, Private University Witten/Herdecke, Germany
Vanessa Muirhead, Queen Mary University of London, UK
Mohammed Mustafa, Prince Sattam Bin Abdulaziz University, Saudi Arabia
Archna Nagpal, University of Connecticut, USA
Ryota Nomura, Osaka University, Japan
Hamid Nurrohman, Missouri School of Dentistry and Oral Health, USA
Solomon Nwhator, Faculty of Dentistry, Obafemi Awolowo University, Ile-Ife, Nigeria
Stefano Martina, University of Salerno, Italy
Claudia Mazzitelli, University of Bologna, Italy
Lucy O'Malley, University of Manchester, United Kingdom
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Se-Lim Oh, University of Maryland School of Dentistry, USA
Takahiko Oho, Kagoshima University Graduate School of Medical and Dental Sciences, Japan
Kaan Orhan, Ankara University, Turkey
Fernanda Ortiz, UFSM, Brazil
Foluso Owotade, Obafemi Awolowo University, Nigeria
Didem Ozdemir-Ozenen, Yeditepe University, Turkey
Afsaneh Pakdaman, Tehran University of Medical Sciences, Iran
Paulo J. Palma, Institute of Endodontics, Faculty of Medicine, University of Coimbra, Portugal
Claudio Mendes Pannuti, University of São Paulo, Brazil
Gaetano Paolone, Vita e Salute San Raffaele University, Italy
Spyridon Papageorgiou, University of Zurich, Switzerland
Luiz Renato Paranhos, Federal University of Uberlândia, Brazil
Alex Park, The University of Western Australia, Australia
Francisco Wanderley Garcia Paula-Silva, University of São Paulo, Brazil
Ajinkya Pawar, Nair Hospital Dental College, India
Tatiana Pereira-Cenci, Federal University of Pelotas, Brazil
Karen Peres, The University of Adelaide, Australia
Paolo Pesce, Department of surgical sciences - University of Genoa, Italy
Massimo Petruzzi, University of Bari "Aldo Moro", Italy
Bharathi Purohit, All India Institute of Medical Sciences, India
Vahid Rakhshan, Department of Cognitive Neuroscience, Institute for Cognitive Science Studies, Tehran, Iran
Vahid Ravaghi, University of Birmingham, UK
Peter Rechmann, University of California, USA
Torsten W. Remmerbach, Leipzig University Hospital - Dental School - Section Oral Medicine, Germany
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Dinesh Rokaya, Walailak University, Thailand
Charles Rwenyonyi, Makerere University, Uganda
Wael Sabbah, Oregon Health & Science University, USA
Philipp Sahrmann, University of Zurich, Switzerland
Atsushi Saito, Tokyo Dental College, Japan
Samah Saker, Mansoura University, Faculty of Dentistry, Egypt
Wil van der Sanden, Radboud University Nijmegen Medical Centre, Netherlands
Simona Santonocito, Department of General Surgery and Surgical-Medical Specialties, School of Dentistry, University of Catania,
Via S. Sofia 78, Catania 95124, Italy
Divesh Sardana, The University of Oklahoma College of Dentistry, USA
Hans Prakash Sathasivam, Institute for Medical Research, Ministry of Health, Malaysia
Oliver Schierz, Medical Faculty University of Leipzig, Germany
Abhijit Sen, Norwegian University of Science and Technology , Norway
Mehmet Fatih Şentürk, Ankara Yıldırım Beyazıt University, Turkey
Benedict Seo, University of Otago, New Zealand
Mukund Seshadri, Roswell Park Comprehensive Cancer Center, USA
John Shaffer, University of Pittsburgh, USA
Jamil A Shibli, University of Guarulhos, Brazil
Yoshinori Shirakata, Kagoshima University, Japan
Deepti Shrivastava, Al Jouf University, Saudi Arabia
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RESEARCH ARTICLE

Combination effect of laser diode 
for photodynamic therapy with doxycycline 
on a wistar rat model of periodontitis
Suryani Dyah Astuti1,2,3* , Irawan Budi Utomo2, Ernie Maduratna Setiawatie4, Miratul Khasanah5, 
Hery Purnobasuki6, Deny Arifianto7 and Kartika Anggraini Alamsyah2

Abstract 

Background: Periodontitis is a chronic inflammatory disease characterized by progressive damage on the structure 
of tooth-supporting tissues. The aim of the study is determining the combination photodynamic effect of diode laser 
405 nm treatments and the administration of doxycycline 0.1% within 1, 3, 5, and 7 days on a Wistar rat model of 
periodontitis.

Methods: Samples were induced with Porphyromonas gingivalis ATCC33277 to allow periodontitis development 
and were treated with combination of doxycycline and laser diode, then statistical analysis was carried out (One-Way 
ANOVA test and the post-hoc Duncan test; Kruskal–Wallis test and Mann–Whitney follow-up test for non-parametric 
data). Samples were divided into five groups, laser exposure used was 405-nm diode laser with energy density of 8 J/
cm2. The expression level of histomorphometric was calculated by measuring the number of macrophages, lympho-
cytes, fibroblasts and the distance between the CEJ-AV.

Results: The results showed that the combination treatment of doxycycline and laser exposure yielded immu-
nomodulatory effects. The expression level of fibroblast and the distance between CEJ-AV bone showed that the 
combination of doxycycline and laser therapy exerted healing effect in rat models of periodontitis on day 5 and 7.

Conclusion: The combination of doxycycline 0.1% and diode laser therapy provides a healing effect in rats models of 
periodontitis.

Keywords: Diode laser, Photodynamic therapy, Doxycycline, Wistar rat, Periodontitis

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creat iveco mmons .org/licen ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat iveco 
mmons .org/publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Periodontitis is chronic inflammatory disease character-
ized by progressive damage on the tooth-supporting tis-
sue structure [1]. The damage process depends on the 
host immune response to the local aggregation of bacte-
ria that causes a variety of biological events that play a 
role in the achievement of host homeostasis [2]. Damage 

includes gingival inflammation, erosion of connective tis-
sue attachment, and resorption of the alveolar bone [3]. 
The resorption in the alveolar bone is mediated by osteo-
clasts and may cause degradation in the alveolar bone [4]. 
If such process occurs, it will lead to the disconnection 
of periodontal ligaments which attached to the alveo-
lar bone, resulting teeth removal from their attachment 
[5]. Thus, without immediate treatment, this defect will 
cause more than one tooth loss and even lead to systemic 
disease.

Periodontitis is known as a disease that is difficult 
to prevent and cure. Treatment and prevention meth-
ods that have been used so far only aim to eliminate 
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bacterial colonies causing infections in the supragingi-
val and subgingival areas [6] so that the tissue can be 
repaired and regenerated [1, 7]. The mechanical pro-
cess, either by brushing teeth or the Scale Root Planning 
(SRP) method, are not effective in removing plaque from 
the teeth because the probe could not reach a tooth area 
of > 5 mm [8]. Hence, the use of antibiotics is an effective 
method for bacterial colonies removal, as stated by the 
World Health Organization in 2014 [9]. However, long-
term application may increase the resistance of bacteria 
to antibiotics [10]. One alternative treatment modality 
that would help overcome this problem is photodynamic 
therapy.

Photodynamic therapy is a non-invasive therapeutic 
method that utilizes photons of light energy for medical 
applications [11, 12]. This therapy has been used to treat 
chronic inflammation and is believed to be an alternative 
for treating antibiotic-resistant bacteria [9, 13]. The suc-
cess of the therapy depends on availability of three main 
components, namely light, photosensitizer, and oxygen 
[14]. These three components play a vital role in the pro-
cess of light absorption by photosensitive agents which 
will activate chemical reactions to produce various reac-
tive oxygen species (ROS) [15, 16]. The various types of 
ROS produced also play an important role in bacterial 
photoinactivation since the resulting oxidative effect can 
inhibit bacterial activity [17] and therefore cause bacte-
rial’s cell death.

Naturally, bacteria produce light sensitive endogenous 
porphyrin compounds as photosensitizer molecules. Por-
phyrins produced by bacteria have a very strong absorp-
tion in the visible light spectrum, also known as soret 
peaks located on 405  nm wavelength. The endogenous 
porphyrin in Porphyromonas gingivalis is dimericiron 
protoporphyrin IX (μ-oxobishaem). The choice of pho-
tosensitizer for photodynamic therapy in dentistry is 
highly dependent on the light source used. Laser diode 
produces light with a range of visible and infrared light 
spectrum, so it can be applied for periodontitis therapy. 
Diode lasers are bactericidal and able to accelerate the 
process of coagulation and regeneration of periodontal 
tissues [18].

Several studies on photodynamic therapy for the bac-
teria Porphyromonas gingivalis and other periopatho-
genic bacteria have been reported. The use of blue LED 
instrumentation and the addition of exogenous photo-
sensitizers with energy density of 16.19  J/cm2 caused 
the inactivation of S. aureus bacteria up to 91% [19]. An 
exposure of P. gingivalis with 405 nm diode laser and 4 J/
cm2 energy density inhibits the growth of P. gingivalis 
bacteria up to 97%, while exposure with energy dose of 
8  J/cm2 inactivates almost 100% P. gingivalis [20]. These 
researches have proven that the use of visible light diode 

laser instrumentation, with or without the addition of 
photosensitizer, can inactivate periopathogenic bacteria 
in the photodynamic therapy.

The process of bacterial inactivation in photodynamic 
therapy involving combined use of lasers and antibiotics 
[21]. The combination of diode laser with antibiotics has 
been carried out to increase the effectiveness of bacterial 
inactivation. Doxycycline, an antibiotic type of bacterio-
static tetracycline, plays a role in reducing the formation 
of polysaccharides [22]. It has been proven to inhibit col-
lagen-destroying enzymes and suppress the growth rate 
of the bacteria A. actinomycetemcomitans. Doxycycline 
0.1% also acts as an exogenous photosensitizer for its 
absorbance in 375–780 nm wavelength. The administra-
tion of low-dose antibiotics will minimize adverse effects 
without causing antibiotic resistance in the bacteria [23]. 
The results of previous studies showed the ability of low 
dose doxycycline 0.1% as photosensitization agent com-
bined with a diode laser treatment to reduce bacterial 
biofilms in vitro [24].

This study aimed to determine the effectiveness of 405-
nm diode laser photodynamic therapy with an energy 
density of 8  J/cm2, with and without doxycycline 0.1%, 
in a Wistar rat model of periodontitis with a variation 
of four therapies on day 1, 3, 5, and 7. The representa-
tive factors that can indicate local changes as the effect 
of laser are histopathological and histomorphometric of 
periodontal tissue. Histopathology of wounds is a very 
helpful tool to exclude a malignancy cause, monitor heal-
ing progress in the course of treatment, better under-
stand the pathophysiology of non‐healing wounds, assess 
morphological changes and help with diagnosis. In this 
study the expression level of histopathological calculated 
by measuring the number of macrophages, lymphocytes 
and fibroblasts. Histomorphometry is broadly defined as 
the measurement of the shape or form of a tissue. Quan-
titative analysis of bone architecture is achieved using 
bone histomorphometry which provides valuable infor-
mation on the amount of bone and its cellular activity. 
While the expression level of histomorphometric meas-
urement involved calculating the distance between the 
CEJ-AV.

Methods
Wistar rat model of periodontitis
The experimental animals were purchased from the 
Faculty of Veterinary Medicine, Airlangga University 
(acquired from private research source) to ensure that 
the experimental animals used came from the desired 
strain. The randomized in  vivo treatment including 60 
male Wistar rats each that were acclimatized for 7 days 
and had following characteristics: (1) clinically healthy; 
(2) age ± 12  weeks; and (3) weight ± 200  g. Ethical 
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considerations used here granted by Animal Care and 
Use Committee under Faculty of Veterinary Medicine, 
Airlangga University. Ethical clearance No. 736-KE is 
in accordance with treatment protocols for experimen-
tal animals (see Additional file  5: Ethical clearance). 
Each rat was induced with Porphyromonas gingivalis 
ATCC33277 sample solution (0.2 ml 1 × 109 CFU/ml) in 
the gap between the gums and teeth (subgingival area) of 
the first molars [26]. Bacterial injection was administered 
using a 1-cc syringe into the subgingival of the left and 
right lower molar teeth. Experimental animals that were 
administered the infection were then left for 14  days to 
allow the development of periodontitis [5].

Therapeutic administration procedures
At this stage the researchers were careful to prevent 
several factors that cause discomfort, distress, pain and 
death in rats.

Euthanasia procedures for experimental animals 
and collection of preparations
Sampling and euthanasia of experimental animals was 
carried out on each group of rats after being given treat-
ment. First, euthanasia was performed on Wistar rats 
by neck (cervical) dislocation. The euthanasia method 
aims to separate the skull and brain from the spinal cord 
due to pressure on the skull base. The spinal cord which 
functions to control respiration and heart activity will be 
damaged and then the breathing will stop, blocking blood 
flow which causes death [26]. As soon as the rats have 
become unresponsive, surgery can be performed. Man-
dibular tissue can be obtained and incised with a scapel 
and then put in a 10% neutral formaline buffer solution 
in the urine pot. After that, the remaining animals were 
burned in an incinerator.

Light source
The diode laser (Sony, Japan) emitted a wavelength 
405  nm with a stable output power of 30.45  mW, was 
tested using the Jasco CT-10 monochromator (Jasco, 
Spain). Spot area focus is 0.152 ± 0.009  cm2. Tempera-
ture measurements during irradiation showed stability in 
32 ± 0.20  °C. The irradiation was performed for 40  s to 
each target area, delivering 1.22  J of energy with energy 
density of 8  J/cm2. Energy density represents the thera-
peutic dose administration on target tissue and represent 
the product of output power and irradiation time, divided 
by irradiated area. Irradiance is the radiant flux received 
by some surface per unit area. Laser energy is the output 
power multiplied by the irradiation time. Energy density 
was calculated as follows [27]:

The laser parameter showed at Table 1 (see Additional 
file  1: Meta data-1 Characterization of diode laser for 
more details).

Treatment procedure
Samples of 60 wistar rats were divided into the follow-
ing five groups: Group S, as the non-periodontitis con-
trol group without treatment; Group P, the periodontitis 
group without treatment; Group PL, the periodontitis 
group with diode laser treatment; Group PD, the peri-
odontitis group with doxycycline treatment; and Group 
PLD, the periodontitis group with doxycycline treatment 
combined with diode laser treatment. Each group made 
of 3 replications and the therapy conducted in 4 time 
periods, with 2  days interval (day 1, 3, 5 and 7). Diode 
laser treatment (Group PL) used 405-nm wavelength 
with energy density 8 J/cm2. This therapy was conducted 
using irradiation beam perpendicular to the periodontitis 
area within 1 cm distance. Doxycycline treatment (Group 
PD) was administered using 0.1 g doxycycline diluted in 
100 ml distilled water to obtain 0.1% concentration. Next, 
a microbrush was dipped in the doxycycline solution and 
applied to the periodontitis area. In the PLD therapy, 
doxycycline was applied first; then after 30 s, diode laser 
therapy was performed [28].

energy density
(

J/cm2
)

= irradiance
(

W/cm−2
)

× irradiation time (s)

laser energy (J) = output power(W)

× irradiation time (s)

Table 1 The parameter of laser diode

Laser parameters
Parameter Value

Emitter type Laser diode

Center wavelength 405 ± 0.07 nm

Operating mode Continuous wave (CW)

Polarization Linear

Beam spot size at target ≈ 1.52 ± 0.01 mm2

Beam divergence ≈ 12.4° parallel to beam

≈ 24.8° perpendicular to the beam

Application technique 1 cm perpendicular to tissue

Aperture diameter 0.44 cm

Power 30.45 ± 0.08 mW

Beam shape Circular

laser exposure time 40 s

Spectral bandwidth 10 nm

energy density 8 J/cm2
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Histopathological analysis of macrophages, lymphocytes 
and fibroblasts of the periodontal tissue
The expression level of macrophages, lymphocytes, and 
fibroblasts cells was calculated by measuring the number 
of cells in each sample. Observations were made using 
a Nikon Eclipse E-200 (Nikon, Japan) microscope at 
400 × magnification.

Histomorphometric analyses of the distance 
between the CEJ‑AV
Histomorphometric calculation is the calculation 
approved by the ASBMR; used as one of the parameters 
to determine the degree of periodontitis pain [4, 5]. Pre-
ceding the calculation of CEJ-AV distance, the micro-
scope was calibrated to obtain the units in micrometers 
(µm). Then, the CEJ-AV distance of the first molar in 
each sample were measured. Observations were made 
using a Nikon Eclipse E-200 (Nikon, Japan) microscope 
at 100 × magnification.

Statistical analysis
Analysis of the parametric and data distribution normal-
ity in this study were performed using One-Way ANOVA 
and post-hoc Duncan test to obtain the mean difference 
between each treatment groups. Meanwhile, statistical 
analysis for non-parametric scale data was performed 
using the Kruskal–Wallis and Mann–Whitney follow-up 
test.

Results
The diode laser used here has peak specification in 
379.81 ± 5.11  nm wavelength. The wavelengths are in 
accordance with the absorption spectrum range of both 
Porphyromonas gingivalis bacteria and doxycycline that 
were used as exogenous photosensitizers in this study. 
Previous reports have shown doxycycline absorption 
spectrum within range 375–380  nm [24]. Lasers with 
specific power and duration of radiation play an impor-
tant role in the tissue interaction. In our photodynamic 
therapy, a photochemical interaction of 30.45 mW low 
laser power was observed. The temperature generated by 
diode laser during exposure for 5 min was in the range of 
31.20 ± 0.06 °C. The temperature tended to fluctuate dur-
ing exposure; however, still classified as ambient temper-
ature and therefore did not cause photothermal effects. 
The radiation density was 8 J/cm2, and the exposure time 
was 110 s.

The expression level of macrophages, lymphocytes, 
and fibroblasts cells
The expression levels of macrophages, lymphocytes, and 
fibroblasts were measured by observing the anatomic 
histopathology based on the administration of treatment 
combinations and the amount of therapy. The results of 
average measurements comparison in each group are 
presented in Tables 2, 3 and 4 (see Additional file 2: Meta 

Table 2 The expression level of  macrophages with  the  administration of  a  combination of  treatments and  various 
amount of therapy

Group Day 1 Day 3 Day 5 Day 7

Mean SD Mean SD Mean SD Mean SD

S 5.00 1.00 4.00 1.00 5.00 1.73 5.00 1.00

P 9.33 2.08 7.67 0.58 10.00 2.00 8.67 2.08

PL 6,33 1.53 6.00 0.00 7.00 1.73 5.67 2.08

PD 5.33 0.58 4.67 1.15 5.00 1.73 4.67 2.89

PLD 4.00 0.00 3.00 0.00 3.67 1.15 3.00 1.00

Table 3 The expression level of lymphocytes with the administration of a combination of treatments and various amount 
of therapy

Group Day 1 Day 3 Day 5 Day 7

Mean SD Mean SD Mean SD Mean SD

S 3.67 0.58 3.00 0.00 4.67 0.58 4.00 0.00

P 5.00 1.00 5.33 0.58 5.33 0.58 4.33 0.58

PL 5.33 1.15 8.33 0.58 7.33 0.58 6.67 1.15

PD 7.33 2.52 9.67 2.31 8.33 0.58 8.67 1.53

PLD 9.00 1.73 11.67 3.21 10.33 0.58 10.00 1.73
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data-2 Histopathology and histomorphometric for more 
details).

Table  2 shows the expression level of macrophages 
with the administration of treatment combinations and 
various level of therapy. Macrophages, lymphocytes and 
fibroblasts on a nonparametric scale were analyzed by 
Kruskal–Wallis and the Mann–Whitney follow-up test. 
Based on the statistical analysis, the expression level of 
macrophages in Group S has no significant difference 
on day 1 to day 7, this result was also observed in Group 
P. However, both these groups were significantly differ-
ent on each day. Accordingly, a significant difference 
from day 1 to day 7 was also shown in the Group PLD 
against Group P. The data obtained showed a decrease in 
the expression level of macrophage on day 1 to day 7 in 
Group PLD. Group PL was significantly different from 
Group P on day 1 and day 3, but not significantly differ-
ent from Group S on day 1 to day 7. The expression level 
of macrophages in Group PD was significantly different 
from that in Group PLD on all days; however, it was only 
significantly different from Group P on day 3.

Table 3 shows the expression level of lymphocytes with 
the administration of treatment combinations and vari-
ous levels of therapy. The statistical analyses of expres-
sion level of lymphocytes showed that the expression in 
Group S were not significantly different, except in com-
parison between day 3 versus 5 and in day 3 versus 7. In 
Group P, the level did not differ significantly on each day. 
However, the lymphocyte expression levels in the normal 
group and Group P were significantly different from that 
in Group PLD. High level of expression on each day was 
shown in the PL and PLD groups with a significant dif-
ference between the two on day 5. The highest levels of 
lymphocyte expression were found on day 3 in Group PL 
and Group PLD. Meanwhile, Group PLD did not show 
significant differences in the expression levels on each 
day. The expression level of lymphocytes in Group PD 
was highest on day 3 and was significantly different from 
that in Group P.

Table  4 shows the expression level of fibroblasts with 
the same parameters. In Group S, the fibroblast expres-
sion level was not significantly different on day 1 to day 
7; however, it was higher than that in the other groups on 
each day. In contrast, the expression level of fibroblasts 
in Group P was not significantly different and was lower 
than that in the other groups on each day. In the treat-
ment groups, the fibroblast expression level in group PLD 
was not significantly different; however, it was higher 
than that in the other treatment groups on each day, with 
the lowest fibroblast expression level on day 1 and the 
highest on day 5. Despite significant differences occurred 
with Group P for all days, some in PL and mostly differ-
ent with PD, Group PLD did not differ significantly with 
Group S. For Group PD, the fibroblast expression level 
increased after treatment on day 3 to day 7 with a signifi-
cance difference when compared to Group P and without 
a significant difference in comparison to Group S on day 
7.

The expression level of the Cemento Enamel Junction (CEJ) 
and the alveolar bone (AV) of the periodontal tissue
The first analysis is the distance calculation between the 
Cemento Enamel Junction (CEJ) and the alveolar bone 
(AV). This analysis is also called the histomorphometric 
analysis and has been approved by the ASBMR commit-
tee [29]. Table  5 shows the comparison of the CEJ-AV 
distance in each treatment group. The CEJ-AV data from 
the research results were analyzed using the one way 
ANOVA test with the Statistical Package for the Social 
Sciences or Statistical Product and Service Solutions 
(SPSS) version 21 program. The test performed includ-
ing data normality and homogeneity (with Kolomogo-
rov-Smirnov and Levene’s Test). The test results showed 
data were normally distributed and homogeneous with 
p = 0.547 and p = 0.67 > α = 0.05 respectively. Further-
more, the One-Way ANOVA test was carried out to 
determine the differences in each treatment. The analysis 
showed that there were significant differences between 
treatments (p = 0 < α = 0.05). Then the post hoc test was 

Table 4 The expression level of fibroblasts with the administration of a combination of treatments and various amount 
of therapy

Group Day 1 Day 3 Day 5 Day 7

Mean SD Mean SD Mean SD Mean SD

S 32.67 4.62 32.67 5.03 34.33 1.53 34.33 3.06

P 18.67 0.58 18.33 2.31 19.33 1.53 21.67 3.21

PL 25.33 1.15 25.67 0.58 28.00 1.00 28.00 2.65

PD 22.00 1.73 21.00 1.73 24.33 0.58 27.67 8.50

PLD 30.00 4.00 30.67 0.58 34.00 3.61 32.33 3.06



Page 6 of 15Astuti et al. BMC Oral Health           (2021) 21:80 

carried out using the Duncan test to see the average dif-
ference between groups. The statistical analysis of CEJ-
AV bone distance in S group showed there were a slight 
difference, while in P group showed a slight increase but 
were not significantly different (see Additional file  3: 
Meta data-3 Statistical analysis for more details).

Significant difference observed in the CEJ-AV distance 
for PL group on day 1, 5 and 7, PD group on day 3 and 
PLD group on day 5 and 7 compared to control, S group. 
Histomorphometric analysis images showing an associa-
tion of the CEJ-AV distance with an increased degree of 
periodontitis pain [4, 5]. Figures  1, 2, 3, 4 and 5 shows 
histomorphometric images of the distance between CEJ-
AV on day 1, 3, 5 and 7.

Table 4 shows that were a slight increase in the degree 
of periodontitis in the doxycycline group but no signifi-
cant difference. Doxycycline is a type of tetracycline that 
works by inhibiting bacterial activity through the 30  s 
ribosome, called bacteriostatic; however, it does not inac-
tivate the bacteria. Porphyromonas gingivalis has been 
reported as a bacterium that causes damage to the bone 
tissue through LPS virulence factors that inhibit osteo-
blast differentiation [8]. Alveolar bone damage in the 
periodontal tissue is characterized by bone resorption in 
the bone tissue, known as resorption bays (lacuna how-
ship) [30]. Osteoclasts, cells that cause bone resorption, 
are branched motile cells with many nuclei; they are usu-
ally located in the lacuna howship [31]. Greater damage 
to alveolar bone can be interpreted as an increase in the 
degree of pain in periodontitis that may lead to tooth 
decay. The administration of doxycycline and diode laser 
treatment lower the degree of pain in each treatment on 
day 1 to day 7, as indicated by the decreasing CEJ-AV dis-
tance observed here.

Figure  6 shows the histopathological image of the 
alveolar bone in rats. This figure show there were no 
morphological changes in the periodontal tissue of the 
control (S/healthy) rat group. As predicted, the peri-
odontitis rats group showed damage in the periodontal 
tissue structure, both in the periodontal ligament and 

the alveolar bone. Moreover, in this group, we observed 
damage in periodontal pockets of the alveolar bone, and 
loss of most of the alveolar bone structure, characterized 
by chronic periodontitis on day 7 [4, 5].

Figure  6 also depicts the histology scores of alveolar 
bones in each treatment group. A large amount of lacuna 
howship was observed in the groups of periodontis rats, 
including the negative control group, and those treated 
with diode laser only as well as doxycycline only. It is 
worth noting that the doxycycline treatment group had 
an increased alveolar bone resorption score, consistent 
with the increasing of CEJ-AV distance (Table  4). The 
alveolar bone resorption score increase indicates alveolar 
bone degradation and decrease of alveolar bone density, 
thus lead to CEJ-AV increasing distance [32]. Contrarily, 
the doxycycline treatment group combined with a diode 
laser indicates alveolar bone tissue repair (bone remode-
ling), proven by the CEJ-AV distance decrease (see Addi-
tional file 4: Meta data-4 Raw Data of Histology Score for 
more details).

Discussion
Laser diode produces light spectrum within range of vis-
ible and infrared light, making it applicable for periodon-
titis therapy. Laser treatment given to periodontitis rats 
have shown antibacterial effects, indicated by the level of 
macrophage expression which is not significantly differ-
ent compared to healthy rats. The lymphocyte expression 
level tended to be higher than the periodontitis group 
with significant differences observed on the third, fifth, 
and seventh day. Fibroblasts component increased after 
the initial administration of therapy, therefore did not 
differ significantly in the healthy group on the seventh 
day. Alveolar bone tissue repair observed after admin-
istration by fifth day, marked with CEJ-AV distance 
decrease during fifth and seventh days. First day admin-
istration of laser therapy showed that the CEJ-AV dis-
tance was not different from the healthy group. Various 
research results show that the laser acts as a stimulator 
that triggers the de-epitheliazation process and increases 

Table 5 Comparison of the Cemento Enamel Junction and the alveolar bone (CEJ-AV) distance in each treatment group

Note: Index after Mean on the data represent by the same superscript shows no significant difference from the Duncan test results

Group Day 1 Day 3 Day 5 Day 7

Mean SD Mean SD Mean SD Mean SD

S 513.01a,b 156.11 497.88a 101.30 508.91a,b 41.06 461.56a 41.06

P 893.61a,b,c,d 316.78 1.123.23d 170.60 964.54b,c,d 208.00 995.54c,d 34.78

PL 569.25a,b,c 87.74 780.78a,b,c,d 255.71 662.65a,b,c 58.83 644.97a,b,c 52.50

PD 759.38a,b,c,d 82.08 582.26a,b,c 44.28 680.14a,b,c,d 185.03 797.25a,b,c,d 91.49

PLD 695.96a,b,c,d 53.56 695.95a,b,c,d 52.66 603.14a,b,c 51.65 538.27a,b,c 49.53



Page 7 of 15Astuti et al. BMC Oral Health           (2021) 21:80  

Fig. 1 Histomorphometric images of the distance between Cemento Enamel Junction (CEJ) and alveolar bone (AV) on Group Healthy (S) from 
day-1; 3; 5; and 7 with Haematoxylin and Eosin (H&E) Staining, × 400 magnification
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Fig. 2 Histomorphometric images of the distance between Cemento Enamel Junction (CEJ) and alveolar bone (AV) on Group Periodontitis (P) from 
day-1; 3; 5; and 7 with Haematoxylin and Eosin (H&E) Staining, × 400 magnification
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Fig. 3 Histomorphometric images of the distance between Cemento Enamel Junction (CEJ) and alveolar bone (AV) on Group Diode Laser 
treatment (PL) from day-1; 3; 5; and 7 with Haematoxylin and Eosin (H&E) Staining, × 400 magnification
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Fig. 4 Histomorphometric images of the distance between Cemento Enamel Junction (CEJ) and alveolar bone (AV) on Group Doxycyclin 
treatment (PD) from day-1; 3; 5; and 7 with Haematoxylin and Eosin (H&E) Staining, × 400 magnification
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Fig. 5 Histomorphometric images of the distance between Cemento Enamel Junction (CEJ) and alveolar bone (AV) on Group Diode 
Laser-Doxycyclin treatment (PLD) from day-1; 3; 5; and 7 with Haematoxylin and Eosin (H&E) Staining, × 400 magnification
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vascular permeability [12]. Both processes are known to 
inhibit growth factor down-regulation and increase the 
infiltration of immunocompetent cells [33]. In addition, 
lasers have been known to trigger the release of various 
pro and anti-inflammatory mediators such as IL-1, IL-2, 
IL-6, IL-8, IL-10, IL-1β, TNFα, and G-CSF [32, 34, 35].

There was a significant difference between the healthy 
rat group and the periodontitis rat group based on cal-
culation in expression level of histopathological analysis. 
The expression level of macrophages and lymphocytes 
in the healthy rat group was lower compared to other 
group. However, the fibroblasts expression level was sig-
nificantly higher than periodontitis group. Lipopolysac-
charides along with other virulence factors are known 
to have the ability to modulate the host defense system 
that affects immune down-regulation [25]. The failure 
of innate-immunity in antigens elimination affects the 
adaptive-immunity system sustainability [34]. In this 
condition, macrophages also act as the antigen-present-
ing cell components, capable of recognizing bacteria 
and releasing inflammatory mediators [8]. B lympho-
cytes are involved in bacterial resistance through anti-
gen–antibody reaction, while T lymphocytes mediate 
host defenses against responses in forming T helper 
(CD4 + Th) and T cytotoxic (CD8 + cytotoxic) subsets 
[31]. Failure to overcome the presence of antigens causes 
the release of various pro-inflammatory mediators, such 
as IL-1β and TNFα, furthermore, leading to tissue dam-
age [36]. The high expression of macrophages and other 
proinflammatory mediators can be associated with tissue 
damage occurrence [5].

Histomorphometric observation results showed a sig-
nificant increase in the CEJ-AV distance in the healthy 
group and the periodontitis group. This increase is 

believed to be the result of bone resorption indicator that 
occurs in the alveolar bone and become popular method 
used by many researchers [4, 5, 30].

Bone resorption is one of the physiological responses 
to prevent bacterial infection using osteoclasts [31]. 
The differentiation, activation, and survival ability of an 
osteoclast is influenced by RANKL and osteoprotegrin 
produced by  M2 macrophage components [32]. Osteo-
protegrin is also produced from the release of IL-10 
cytokines by  Th2 lymphocytes [34]. If RANKL binds 
more M1 macrophage RANK receptor, then M1 mac-
rophages produces inflammatory mediators to activate 
the osteoclasts into maturity [30]. On the other hand, if 
osteoprotegrin can bind more RANKL, fibroblast com-
ponents can be activated through the production of vari-
ous mediators growth factor (GF) [35]. This mediator will 
activate osteoblasts that influence bone tissue remodeling 
as well as fibroblasts in the formation of collagen matrix. 
Alveolar bone tissue that has been repaired is known as 
woven bond (small bones) and can be associated with a 
decrease in the CEJ-AV distance [31].

The use of diode lasers in the photodynamic therapy 
is recognized as a therapeutic modality in the bacterial 
inactivation process. Various reactive oxygen species are 
produced in the photophysical process through suitabil-
ity of hematogenphyrin porphyrin absorption spectrum 
in P. gingivalis bacteria [36]. In addition to providing an 
antibacterial effect, this research demonstrates the role 
of laser as a therapy that affects the host immune system 
in cases of chronic inflammation, referred to as immu-
nomodulatory therapy. Photodynamic therapy is believed 
to have no effect on human gingival fibroblast tissue 
(HGF) through the elimination of photobiological effects 
[37]. Furthermore, lasers act as the stimulators that trig-
ger de-epitheliazation and increase vascular permeability 
[38]. Both these processes inhibit growth factor down-
regulation and increase the infiltration of immunocom-
petent cells.

Doxycycline antibiotics given to the periodontitis rats 
have shown antibacterial effect. This is demonstrated by 
an increase in the lymphocyte expression and inversely, a 
decrease in the macrophage expression on day 3, signifi-
cantly different from periodontitis rat group. Increased 
fibroblast expression was observed following the admin-
istration of doxycycline on day 5 that continued to rise on 
day 7 with no significant difference in comparison to the 
healthy rat group. According to the histomorphometric 
analysis, the CEJ-AV distance following the administra-
tion of therapy on day 3 was not different from healthy 
rats. However, the distance was distinctive compared 
to periodontitis rats. Meanwhile, we observed increas-
ing CEJ-AV distance until day 7. Moreover, the expres-
sion level of each immunocompetent cell indicates tissue 

Fig. 6 Comparison chart of the histology scores of the alveolar 
bones in each treatment group
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repair, especially shown in macrophages cells decrease as 
well as increasing of fibroblasts number.

Photodynamic therapy with the addition of exog-
enous photosensitizer elements has been widely used 
and increased the effectiveness of therapy, especially in 
the inactivation of bacteria [24, 27]. In addition, the use 
of low-dose antibiotics combined with photodynamic 
therapy aim to avoid increasing bacterial resistance to 
antibiotics [19]. The suitability of doxycycline absorption 
spectrum causes photosensitizer molecules to be excited, 
thus generating the type 1 and type 2 photochemical 
effects. Various free radicals, especially peroxide com-
pounds, have an impact on bacterial death. The diode 
laser indirectly acts as an immune system modulator. If 
the presence of antigens can be overcome, macrophage 
components will undergo lysis so that their quantity 
depleted. Thus, it can be assumed that the reduction in 
proinflammatory mediators and the increase in anti-
inflammatory mediators induce tissue repair. Increased 
expression level of fibroblasts that play a role in the new 
extracellular matrix also supports tissue re-modelling 
[30].

The periodontitis manifestations depend on response 
between the host defense tissue with pathogenic bacteria 
which involves innate and adaptive immunity [34]. Innate 
immunity is the host’s initial defense system against bac-
teria that works quickly, but has low specificity and diver-
sity. If the bacteria (antigen) activity cannot be resolved, 
the adaptive immunity response will automatically 
begin to work. On the other side, the adaptive immunity 
response is a specific immune response to an antigen, 
divided into two types of responses, namely cell-mediated 
immunity (cellular immunity) and humoral immunity. 
Cellular immunity is a response that works with specific 
antigens and induces apoptosis, while humoral immunity 
is a response which regulates antibodies against foreign 
antigens. The two immune system responses work col-
laboratively returning the inflamed tissue to homeostasis 
[39].

The response mechanism to pathogenic bacteria in per-
iodontal tissue begins with the response of several leuko-
cyte and endothelial cell infiltrations [34]. In this phase, 
the metabolic products of bacteria, such as lipopolysac-
charides, induce the tissue to produce cytokines and 
neuropeptides which cause blood vessels vasodilation. 
The released neutrophils leave the blood vessels and tar-
get the inflamed area in response to chemokines. In the 
early lesion phase, the number of neutrophils increases in 
connective tissue and marked by presence of several leu-
kocyte cells such as macrophages, lymphocytes, plasma 
cells, and mast cells. The transition phase from innate 
immunity to humoral immunity occurs in the established 
lesion phase which is dominated by macrophages, plasma 

cells, and B and T lymphocytes. In addition, in this phase 
fibroblasts begin to produce collagen which repairs blood 
vessels. The transition from gingivitis to periodontitis is 
the last phase (advanced lesion) which is characterized by 
periodontal pocket erosion that deepens to alveolar bone 
destruction and observe-able histologically and clinically. 
In this phase there is an extension of the infiltration pro-
cess of inflammatory cells which is also characterized by 
reduced collagen; as well as increase in number of lym-
phocytes, plasma cells, and macrophages that play an 
active role in chronic inflammation. Inflammation is the 
first physiological response mechanism as a host defense 
system against local bacterial aggregation in tissue [34]. 
Inflammation can be described by means of inflamma-
tion, resolution, and healing that involve several com-
ponents of the immune system that interact to protect 
periodontal tissue. Some of these important components 
can be explained by their roles and functions as follows:

• Lymphocytes are one type of leukocyte cells that 
play an important role in the body’s defense system 
against antigens, especially and consist of B cells, T 
cells, and Natural Killer cells (NK-cells). B cells dif-
ferentiated in the bone marrow and work by produc-
ing antibodies, whereas, T cells are differentiated in 
the thymus gland and act against specific antigens by 
producing T helper and also T cytotoxic. At the cel-
lular level, if the number of lymphocytes decreases, 
the body’s ability to deal with antigens, such as bacte-
ria, will decrease [40].

• Macrophages are a type of white blood cell and 
are the adult forms of monocytes that can migrate 
through blood vessels. Macrophages (macros and 
phagens) play an important role in the innate immu-
nity system, which works by recognizing foreign anti-
gens with toll-like receptors (TLRs) and consuming 
foreign antigens (phagocytosis). Macrophages are 
said to be the main agents that produce metabolic 
secretions that cause damage to connective tissue 
to alveolar bone damage [41]. Macrophages play a 
role in the regulation of inflammation that occurs, 
depending on their function, macrophages can pro-
duce pro or anti-inflammatory mediators.

• Fibroblasts are the most common cells found in con-
nective tissue and play a role in the tissue repair pro-
cess through the synthesis of extracellular matrix 
components, one of which is the process of rebuild-
ing blood vessels (angiogenesis) [30]. Fibroblasts will 
be active when the host defense system is damaged 
and so they will proliferate (fibrogenesis). The pro-
cesses of fibrogenesis and angiogenesis are regulators 
for determining the function of macrophages.
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The chart shows the evolution of the average number
of times documents published in a journal in the past
two, three and four years have been cited in the current

year. The two years line is equivalent to journal impact
factor ™ (Thomson Reuters) metric.

Cites / Doc. (4 years) 2001 0.000
Cites / Doc. (4 years) 2002 0.000
Cites / Doc. (4 years) 2003 0.500
Cites / Doc. (4 years) 2004 1.182
Cites / Doc. (4 years) 2005 0.933
Cites / Doc. (4 years) 2006 0.773
Cites / Doc. (4 years) 2007 1.137

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
Journal Self-citation is de�ned as the number of
citation from a journal citing article to articles
published by the same journal.

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
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Metrics based on Scopus® data as of April 2022

Cites per document Year Value
Cites / Doc. (4 years) 2008 1.938Cites Year Value

Self Cites 2001 0

self-citations from the total number of citations
received by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles
that have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country
address.

Year International Collaboration

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial
research (research articles, conference papers and
reviews) in three year windows vs. those documents
other than research articles, reviews and conference

papers.

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 2001 0
Uncited documents 2002 2
Uncited documents 2003 3
Uncited documents 2004 7
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renaz 7 months ago

how to submit an article

reply

mohammed awawdeh 3 years ago

Hallo

Could you please advice me on the difference between (SCIMAGOJR, Scopus), (ISI , web of

science) and Pub med thanks

reply

Mehdi 3 years ago

How much is the acceptance rate and article charge?

R

Melanie Ortiz 7 months ago

Dear Renaz, thank you very much for your comment, we suggest you look for the author's

instructions/submission guidelines in the journal's website. Best Regards, SCImago Team

M
SCImago Team

M

Melanie Ortiz 3 years ago

Dear Mohammed,

Scopus (Elsevier) and WoS (Thomson Reuters) are databases. Scopus impact's indicator

is the SJR and WoS impact's factor is the JCR. Bets Regards, SCImago Team

M
SCImago Team

M
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Melanie Ortiz 3 years ago

Dear Mehdi,

thank you for contacting us.

Sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a portal with

scientometric indicators of journals indexed in Elsevier/Scopus.

Unfortunately, we cannot help you with your request, we suggest you to visit the journal's

homepage or contact the journal’s editorial staff , so they could inform you more deeply.

You can see the updated journal’s information just above .

Best Regards, SCImago Team

M
SCImago Team
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The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a

speci�c journal. The purpose is to have a forum in which general doubts about the processes of publication in the

journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular

articles, maintain the dialogue through the usual channels with your editor.
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