
Open Journal

ISSN 2377-1623

October, 2015 ● Volume 2, Issue 3

Editor-in-Chief : Lakshman Samaranayake, DSc (Hon), DDS (Glas), FRCPath (UK), FDSRCSE(Hon), FHKCPath, FCDSHK

Associate Editors : Pouran Famili, DMD, MDS, MPH, PhD

Daniel Kazachkov, DMD

Fei Liu, DDS, PhD

Dentistry

www.openventio.org



                                                     Dentistry

Open Journal
ISSN 2377-1623

Dent Open J

Table of Contents

1. Oral Health, Dental Education and Research: A Commentary

– Vivek Mehta*

2. Oral Self-Injury: Report of a Case with Review of Literature

3. Managing Denture Biofilm Related Diseases

4. Peri-Implantitis: A Review of the Disease and Report of a Case  
    Treated with Allograft to Achieve Bone Regeneration

5. Accelerating Orthodontic Treatment: A Continuous Challenge

– Tingxi Wu, Wenyuan Shi, Zvi Loewy and Xuesong He*

– Xiao-Quan Mao*, Hai-Yan Wang, Ting Zhou, Yu-Mei Huang and Ya-Jiao Meng

– Ahmed M. F. El-Angbawi*

– Lakshman Samaranayake*

Commentary

Case Report

Review

Review

Opinion

74-76

80-86

87-97

77-79

98-99

http://openventio.org/Volume2_Issue3/Oral_Health_Dental_Education_and_Research_A_Commentary_DOJ_2_114.pdf
http://openventio.org/Volume2_Issue3/Oral_Self_Injury_Report_of_a_Case_with_Review_of_Literature_DOJ_2_115.pdf
http://openventio.org/Volume2_Issue3/Managing_Denture_Biofilm_Related_Diseases_DOJ_2_116.pdf
http://openventio.org/Volume2_Issue3/Peri_Implantitis_A_Review_of_the_Disease_and_Report_of_a_Case_Treated_with_Allograft_to_Achieve_Bone_Regeneration_DOJ_2_117.pdf
http://openventio.org/Volume2_Issue3/Peri_Implantitis_A_Review_of_the_Disease_and_Report_of_a_Case_Treated_with_Allograft_to_Achieve_Bone_Regeneration_DOJ_2_117.pdf
http://openventio.org/Volume2_Issue3/Accelerating_Orthodontic_Treatment_A_Continuous_Challenge_DOJ_2_118.pdf


                                                     Dentistry

Open Journal
http://dx.doi.org/10.17140/DOJ-2-114

Dent Open J

ISSN 2377-1623

Oral Health, Dental Education and  
Research: A Commentary
Lakshman Samaranayake*

Head, School of Dentistry, The University of Queensland, Level 7,  UQ Oral Health Centre
288, Herston Road, Brisbane, QLD 4006, Australia

*Corresponding author 
Lakshman Samaranayake, DSc, 
DDS (Glas), FRCPath, FDSRCS (Edin), 
FRACDS, FDS RCPS, FHKCPath, 
FCDSHK, FICD 
Head, School of Dentistry 
The University of Queensland 
Level 7, UQ Oral Health Centre 288 
Herston Road, Brisbane, QLD 4006 
Australia 
Tel. +61 7 3365 8062 
Fax: +61 7 3365 8118 
E-mail: l.samaranayake@uq.edu.au

Article History
Received: July 1st, 2015 
Accepted: August 27th, 2015
Published: August 27th, 2015

Citation
Samaranayake L. Oral health, dental 
education and research: a commen-
tary. Dent Open J. 2015; 2(3): 74-76. 
doi: 10.17140/DOJ-2-114

Copyright
© 2015 Samaranayake L. This is 
an open access article distributed 
under the Creative Commons At-
tribution License, which permits 
unrestricted use, distribution, and 
reproduction in any medium, pro-
vided the original work is properly 
cited.

Volume 2 : Issue 3
Article Ref. #: 1000DOJ2114

Commentary

Page 74

ABSTRACT

 Despite major advances in oral health in some communities there is rampant dental 
and oral disease worldwide. Indeed dental caries and periodontal disease still top the league 
table as the commonest infections in humans. Though more research is needed there is evidence 
to indicate that oral disease is linked to systemic disease. Despite these revelations and the high 
prevalence of oral disease, the dental education systems worldwide are facing fundamental 
challenges due to social, economic and technological reasons. These challenges will not be 
adequately addressed with anything less than a concerted response from the government, 
community, alumni, and industry. Only then can the faculties or schools of Dentistry flourish 
and provide a stimulating and quality environment for graduates to develop their full potential 
and to hone their competitive advantage for a challenging career in a fast-changing world. In 
this article the author describes the current dental landscape globally, and then addresses the 
multifarious challenges in education, research, and resource support that constantly challenges 
the delivery of dental pedagogy worldwide.
 
ORAL HEALTH AND THE DISEASE BURDEN: THE CURRENT LANDSCAPE

 Dentistry has made great strides over the last century since the days of the Barber 
Surgeons. One of the major changes that led, for example, to the reduction in caries is the 
discovery of the properties of fluoride, and the observation that people who lived in communities 
with naturally fluoridated drinking water had far less dental caries than people in comparable 
communities without fluoride in their water supply. Community water fluoridation is arguably 
one of the great achievements of public health in the twentieth century, and the most far reaching 
of all in dentistry.

 Although we have come very far from the times when old age was equated with 
edentulism there are significant disparities in global oral health. Indeed, there is a silent epidemic 
of dental and oral diseases in many underserved populations worldwide. This disease burden 
restricts activities in school, work, and home, and often significantly diminishes the quality of 
life. Those who suffer the worst oral health are found among the poor of all ages, with poor 
children and poor older citizens particularly vulnerable. Members of racial and ethnic minority 
groups also experience a disproportionate level of oral health problems as seen in US Native 
Indians and Australians aboriginal populations - even in so-called developed countries. The 
situation in the developing world is far from satisfactory as the consumption of sugary diets 
is increasing disproportionately without dental care and proper oral hygiene. Other smaller 
communities that are so disadvantaged include the medically compromised or who have 
disabilities.

 The reasons for disparities in oral health are complex because of socioeconomic factors, 
as well as apathy in ignorance in poorer communities. In many situations such disparities are 
exacerbated by the lack of community programs such as fluoridated water supplies. 
  
 It has been said that the mouth is mirror of general health and well-being. General 

http://openventio.org/Volume2_Issue3/Oral_Health_Dental_Education_and_Research_A_Commentary_DOJ_2_114.pdf


                                                     Dentistry

Open Journal
http://dx.doi.org/10.17140/DOJ-2-114

Dent Open J

ISSN 2377-1623

Page 75

health risk factors common too many diseases, including 
diabetes, tobacco use and poor dietary practices, also affect oral 
and craniofacial health. The almost direct association between 
tobacco use and oral diseases has been well established for 
some decades now. Recent research findings have also pointed 
to possible associations between periodontal disease and oral 
inflammation and diabetes, atherosclerotic vascular disease, 
low-birth-weight and premature births, and lung disease in the 
hospitalised, kidney disease and pancreatic cancer. It should, 
however be stressed that these are associations only, and more 
work needs to be done to elucidate further the oral-systemic 
disease axis. 

DENTAL EDUCATION

 Dental education is the fountain from which all 
dentistry flows. It is the framework on which scientific findings 
and advancements in oral care are discovered and implemented. 
A strong dental education system produces a strong dental 
profession, resulting in the highest level of oral health care for 
the public. 

 The strong association between dental education and 
improved public oral health is well known. But in order for 
dental education to continue to play its vital role, it is important 
to ensure a strong supply of qualified, diverse dental students 
and faculty who have access to state-of-the-art teaching and 
research facilities. 

 Owing to the one-on-one teaching and very close 
supervision necessary, dental education is among the most 
costly professional training programmes worldwide. While costs 
continue to grow, government support has gradually declined 
over the years. The other aligned challenge is the worldwide 
shortage of dental educators. A scholarly and adequate, full-
time dental faculty is essential to appropriately train future 
generations of students. This is also necessary in order to sustain 
the current level of research, so that the faculty maintains its 
scientific standing and credibility in the university community 
both at local and international levels. 

 There are several reasons for the widespread shortage 
of dental educators. University salaries and benefits are not 
keeping pace with those in industry and private practice, and 
the gap is ever-widening. Hence, young graduates are attracted 
to the lucrative arena of general practice rather than face the 
challenges of academia. These challenges include competing for 
research grants, an ever-increasing administrative burden, and 
having to complete more and more training pathways prior to 
gaining specialist status. All of these activities restrict the time 
that can be devoted to scholarship. In the West, the shortfall in 
faculty personnel is further exacerbated by graduates leaving 
dental school with a heavy burden of student debt that they 
want to discharge by joining a financially rewarding private 
practice. Furthermore, attracting potentially high-earning 
dental specialists to a career in dental education continues to 

be an issue. Well-trained, scholarly dental specialists will be 
increasingly crucial to help dental schools maintain first-class 
teaching facilities. 

 Furthermore, keeping pace with today’s escalating 
technological advancements is a major challenge for most 
dental schools worldwide. The new technologies produce new 
contraptions such as lasers and modern imaging machines (e.g. 
cone-beam radiology) that provide precise images of hard and 
soft tissues. Yet, these are beyond access to resource starved 
dental schools. However, it behooves us to ensure that our 
dental students graduate with knowledge of and skills in using 
technology and equipment that are not already obsolete in the 
field. 

DENTAL RESEARCH

 In the 21st century, dental schools must have the 
capacity to conduct collaborative research, and equal participants 
in medical research programmes. Dental academics, in alliance 
with industry and research grant councils (eg the National 
Institutes of Health in the United States), have developed new 
and innovative products and equipment, such as fluorides and 
implants. Research has also led to advances in orthodontics and 
oro-facial reconstruction that improve a patient’s self-esteem 
and daily functioning. Dental schools provide the greatest 
potential to turn clinical findings into practical applications 
through their connections with students, practising dentists, 
industry, community clinics, and public-policy advocates. In 
addition, dental schools play a crucial role in provision of life 
long learning as Continuing Professional Education courses to 
graduates and alumni in an increasingly fast pace world with 
explosive technological developments. 

 If inadequate resources are provided for dental 
research, then advances looming on the horizon might never 
come to fruition. Imagine the impact on the oral and general 
health of the public if dental researchers developed a vaccine to 
prevent periodontal (gum) diseases or discovered gene therapies 
to prevent oral cancers. Furthermore, if dental schools were to 
survive within a university environment it is imperative that they 
pursue quality research that compete with various other research 
programmes in other allied faculties. The research that is so 
pursued should be aligned to Nuffield principles of scholarship of 
discovery, scholarship of integration, scholarship of application, 
scholarship of translation and scholarship of teaching. The latter 
translational research and the interface between laboratory 
research and public understanding of research are key areas that 
need to be addressed if we need to sustain the momentum in 
dental research. Otherwise dental schools in the universities will 
face an existential threat of being relegated to mere technical 
schools. 

CONCLUSION

 It is clear that the challenges facing dental education 
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worldwide are very similar. These challenges will not be 
adequately addressed with anything less than a concerted 
response from the government, community, alumni, and industry. 
Only then can the Faculties or Schools of Dentistry continue to 
provide a stimulating and quality environment for graduates 
to develop their capabilities and to hone their competitive 
advantage for a challenging career in a fast-changing world, and 
contribute to the frontiers of dental discovery.
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ABSTRACT

	 Self-inflicted	oral	injuries	are	commonly	seen	in	certain	syndromes	and	systemic	dis-
orders.	Most	 frequently	affected	regions	of	 the	body	are	 the	oral	and	perioral	 tissues,	hands	
and	neck.	Although	no	medical	treatment	is	available,	timely	dental	intervention	is	essential	to	
prevent	further	complications.	The	aim	of	this	paper	is	to	report	a	unique	case	of	oral	self-injury	
in	a	10-month-old	infant	which	was	successfully	treated	with	conservative	therapy	and	also	to	
briefly	review	the	literature.

KEYWORDS:	Oral	self-injury;	Tongue	biting;	Finger	biting.

INTRODUCTION 

	 Self-injury	or	self-mutilation	can	be	defined	as	a	behavioural	disturbance	that	consists	
of	deliberate	disturbance	of	or	damage	to	body	tissues	but	is	not	associated	with	a	conscious	
intent	to	commit	suicide.1	A	lesion	is	considered	to	be	a	self-injury	if	it	satisfies	the	following	
features:	must	be	socially	unacceptable,	repetitive	and	causes	mild	or	moderate	tissue	damage.2 

Cuts,	burns,	scratches,	blunt	 injury,	bites,	and	 interference	with	wound	healing	are	 the	most	
common	forms	of	self-injury.3	Self-injury	can	affect	individuals	of	any	age,	sex,	or	ethnic	group	
but	its	frequency	has	found	to	increase	amongst	adolescents	and	young	adults.4 

REVIEW OF LITERATURE

	 Cannavale,	et	al.	concluded	that	oral	self-injury	was	uncommon	in	clinical	practice	
and	presented	itself	as	the	first	sign	of	psychiatric	disorder.5 Ragazzini,	et	al.	introduced	a	new	
technique,	 a	 resin	mouthguard	 to	obtain	 immediate	healing	of	 the	oral	 lesions.6	Limeres,	 et	
al.	proposed	that	treatment	for	oral	self-injury	must	be	individualized	as	there	is	lack	of	treat-
ment	protocol.7 Arhakis	designed	a	maxillary	intraoral	appliance	to	prevent	oral	and	perioral	
self-injury.8	Santos,	et	al.	concluded	that	association	of	different	laser	therapies	was	effective	
in	establishing	painless	mastication.9	Pretty,	et	al.	alerted	that	the	odontologists	should	always	
consider	self-injury	as	an	explanation	for	intra-oral	injuries	of	unidentified	origin.10	Silva,	et	al.	
emphasized	on	early	detection	and	intervention	to	enhance	the	patient’s	quality	of	life.11	Jack-
son	used	a	tongue	depressing	stent	to	prevent	self-injury	in	a	comatose	patient.12	Gutman,	et	al.	
reported	a	case	of	congenital	analgesia	in	which	the	injury	to	tongue	was	due	to	erupted	lower	
incisor	teeth.13 

CASE REPORT

	 A	ten-month-old	boy	was	referred	to	the	Department	of	Pediatric	and	Preventive	Den-
tistry	by	a	Pediatrician	for	evaluation	and	treatment	of	large	ulceration	present	on	the	ventral	
surface	of	the	tongue,	noticed	by	his	parents	1	month	back.	Physical	examination	revealed	the	
presence	of	2×2	cm	large	ulcerated	lesion	on	the	ventral	surface	of	the	tongue,	covered	by	pseu-
domembranous	slough	and	surrounded	by	erythema	(Figure	1).	Also	the	tongue	was	bifurcated	
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at	its	tip.	Lesion	was	present	since	last	one	month	and	the	parents	
observed	the	infant	moving	his	tongue	over	his	erupted	teeth	on	
multiple	occasions.

	 Patient	was	not	using	any	medication	for	tongue	lesion.

 

	 On	examination	it	was	observed	that	finger	of	the	right	
hand	had	a	raw	wound	and	necrosis	was	evident	(Figure	2).

 

 
	 Family	history	was	negative	for	developmental	disor-
ders	and	congenital	syndromes.	The	parents	had	history	of	con-
sanguineous	marriage.	The	patient	had	history	of	pneumonia	one	
week	after	birth.	Presently	the	patient	was	undergoing	treatment	
for	 infection	 in	 blood	 and	 urine.	When	 complete	 blood	 count	
was	done	it	was	found	that	hemoglobin	level	was	low	i.e.	9.7	g/
dL	and	leukocytosis	was	observed	as	the	WBC	count	was	20.1	
thou/microlitre.	The	level	of	C-reactive	protein	in	the	serum	was	
found	 to	be	high	 i.e.	13.6.	 Incisional	biopsy	was	employed	 to	
rule	out	oral	mucosal	disease.

	 In	the	present	case	parafunctional	activity	or	habits	were	
ruled	out	and	conservative	therapy	was	planned	for	 tongue	le-
sion.	Mandibular	primary	incisors	were	grinded	to	avoid	further	
injury	to	the	tongue.	The	patient	was	recalled	after	1	month	and	
examined.	It	was	noticed	that	the	tongue	had	healed	(Figure	3). 

DISCUSSION

	 The	role	of	dentist	is	imperative	in	the	management	of	
self-mutilating	 behaviour,	 as	 teeth	 are	 the	main	 cause	 of	 self-
injury.	Infants	with	such	habits	pose	a	challenge	for	the	clinician.	
Self-injury	 is	commonly	seen	 in	child	patients	 in	genetic	 syn-
dromes	such	as	Lesch-Nyhan	syndrome,	Cornelia	de	Lange	and	
Gilles	de	la	Tourette	syndrome.14-16	It	has	also	been	observed	in	
mental	 retardation,15,17	 congenital	malformations15,18 and	 infec-
tious	disease	such	as	encephalitis.15,19	Finger-biting	can	also	be	a	
manifestation	of	neuropathies.20 

	 Oral	mucosal	 disease	was	 ruled	out	 through	 employ-
ment	of	incisional	biopsy.

	 Various	therapeutic	approaches	have	been	proposed	in	
the	literature.	Preventive	intra-oral	devices	have	been	designed,	
but	have	the	disadvantage	of	extensive	fabrication	time,	associ-
ated	fungal	infections	and	low	acceptance	rate	in	case	of	infants.	
Selective	grinding	of	tooth	cusps	can	be	done.	Acrylic	splints	or	
cast	silver	splints	can	be	given	to	prevent	gross	laceration	of	the	
tongue	or	fingers.	Extraction	of	teeth	is	advisable	in	severe	cases	
if	the	lesion	is	not	resolving.20 

	 A	thorough	clinical	evaluation	is	required	to	detect	such	
habits	as	they	may	be	associated	with	some	systemic	disease	or	
be	 the	 first	 sign	 of	 psychiatric	 disorder.	 Prevention	 should	 be	
the	standard	of	care	for	such	patients.	Careful	monitoring	is	of	
paramount	importance	and	is	recommended	to	prevent	possible	
complications.

CONCLUSION

●	Early	detection	and	intervention	of	self-injurious	habits	 is	
essential	part	of	preventive	dentistry.	The	importance	of	ac-
curate	 history	 taking	 and	 examination	 of	 suspected	 cases	
cannot	be	underestimated	and	helps	to	rule	out	other	habits	
and	parafunctional	activity.

●	 In	 general	 it	 is	 prudent	 to	 rule	 out	 oral	 mucosal	 disease	
through	employment	of	incisional	biopsy	in	longer	standing	
non-healing	lesions.

●	Dentists	should	be	aware	of	the	clinical	signs	and	treatment	

Figure 3: Clinical image showing healing of the tongue after 1 
month.

Figure 1: Clinical image showing ulcerated lesion on the ventral 
surface of the tongue.

Figure 2: Raw wound evident on the finger of the right hand chewed 
by the patient.
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options	for	child	patients	with	self-mutilation	habit.

●	Optimal	management	of	patients	with	self-injurious	habits	
depends	on	a	lot	of	factors	i.e.	age,	severity	and	cooperative	
potential	and	requires	careful	monitoring.
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ABSTRACT

 The oral cavity harbors more than 700 microbial species and is one of the most com-
plex ecosystems ever described. While the majority of these microbes are considered com-
mensal, some of them are responsible for oral infectious diseases such as dental caries, peri-
odontitis, halitosis and stomatitis.  The advancement of modern science has greatly furthered 
our understanding of oral microbes and their roles in host health and disease. It has also led to 
the development of new tools for early detection, effective treatment, and prevention of oral 
microbial infections.  This perspective provides a general understanding of oral microbiology, 
and its clinical relationship to oral infectious diseases, with a specific focus on denture-related 
microbial infections. The perspective also discusses the potential for developing innovative 
interventions for managing denture-related disease based on recent advances in our understand-
ing of oral microbiology and denture-associated biofilms.  

KEYWORDS: Stomatitis; Oral microbiota; Candida albicans.

ABBREVIATIONS: SAP: Aspartyl proteinases; PL: Phospholipase; PDT: Photodynamic therapy; 
STAMPs: Specifically Targeted Antimicrobial Peptides.

INTRODUCTION

 The association between microbes and oral diseases had long been suspected. Dr. W. 
D. Miller is generally recognized as the father of modern dental microbial pathogenesis. His 
1890 seminal book titled Microorganisms of the Human Mouth1 makes the first connection 
between bacteria in dental plaque and tooth decay, and remains a foundation of current under-
standing of dental disease.  For a long time, oral microbes had been indiscriminately regarded 
as pathogens. In fact, their removal from the oral cavity has become the main objective of 
dentists. Not until recently, did we realize that like microbes associated with other parts of the 
human body, most of the oral microorganisms are commensal and might have protective role 
in preventing the colonization of pathogens.2,3 More importantly, increasing evidence suggests 
that oral infectious diseases such as dental caries and periodontitis are often the result of the dis-
turbed host homeostasis, and an imbalanced oral microbial ecology often leads to overgrowth 
of otherwise low abundant opportunistic pathogens.4,5

 Recent advances in molecular biological techniques are broadening our understanding 
of bacterial diversity and the societal community interactions which occur between species in 
the oral cavity.6 This has led to tremendous advances in our understanding of oral microbiology 
and its involvement in health and disease, including tooth decay, gum diseases, as well as the 
diseases associated with artificial dental apparatus introduced through modern dentistry.6,7

http://openventio.org/Volume2_Issue3/Managing_Denture_Biofilm_Related_Diseases_DOJ_2_116.pdf
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ADVANCING UNDERSTANDING OF ORAL MICROBIOLOGY 
THROUGH MOLECULAR BIOLOGICAL APPROACHES

 Our bodies are home to a multitude of microbial or-
ganisms that form distinct microflora inhabiting the gut, skin, 
vagina and oral cavity. These microbial communities have been 
of great interest to scientists in recent years due to their impact 
on host health and disease. Increasing lines of evidence indicate 
that these commensal microbiotas have important metabolic, 
trophic, and protective functions and greatly affect the host’s 
physiology and pathology.8,9 For example, the importance of the 
gut flora in digesting unutilized substrates, training the immune 
system and protecting against epithelial cell injury is well appre-
ciated,10-12 and we are beginning to understand its potential role 
in systemic diseases, such as inflammatory bowel disease13,14 and 
obesity.15

 Molecular biological tools have been critically impor-
tant for identifying the diversity of these host-associated micro-
biotas, including the oral microbial community.16 Prior to the 
availability of such tools, determining the diversity of complex 
microbiological communities, such as those of the oral micro-
biota had been essentially dependent on the ability to culture 
and identify individual organisms.  However, we then realized 
that only a small fraction of the organisms comprising these 
microbial communities has been isolated.6 In fact, accumulat-
ing lines of evidence suggested that there are extensive physical 
and metabolic interactions between different microbial species 
within the same community, which are essential for the growth 
and persistence of certain microbes17 and make them recalcitrant 
to cultivation.  The power of molecular biological approaches, 
such as culture-independent 16S rRNA gene sequencing-based 
methods allows us to identify yet-uncultivable species and pro-
vides a more comprehensive and detailed inventory of human 
oral microbiota.6 

 The studies using culture-independent approaches have 
revealed the sheer magnitude of the diverse microbes, includ-
ing yet-uncultivable species residing within the oral cavity.18,19 
The human mouth is estimated to harbor more than 700 differ-
ent bacterial species, comprising one of the most complex mi-
crobial flora.18  The diversity of microorganisms that inhabit the 
oral cavity includes bacteria, archaea, protozoa and fungi.20,21 
An interesting perspective regarding diversity of the oral flora 
is the presence of Archaea as a constituent.22  Phylogenetically, 
Archaea is among the oldest known type of prokaryotes; it has 
previously been isolated from ocean bottom, and yet also ap-
pears to be a colonizer of the human oral cavity with yet-to-be-
determined role in oral microbial ecology.23 The diversity of the 
microbial flora reflects tremendous genetic information and im-
mense bio-physiological potential that may have huge impact on 
host health and disease. If we consider that an average bacterial 
species has 2,000-6,000 genes, then an oral bacterial population 
of some 700 individual species represents a pool of over 1 mil-
lion genes, 10 times more than human host genes.  This provides 
the oral microbial environment with a huge quantity of informa-

tion related to unique metabolic pathways, the generation and 
secretion of various factors that can control and modify their 
ecological niche, and factors that may impact function of the 
human host.
 
THE STRUCTURE OF DENTAL AND DENTURE PLAQUE 

 Bacteria in the oral cavity often reside within biofilms, 
such as those that form dental and gingival plaque.24 For eden-
tulous and partially edentulous individuals who wear dentures, a 
denture-associated biofilm, or denture plaque, forms on the den-
ture surface and could potentially serve as a reservoir of patho-
genic microbes for infections.7  

 Dental and denture plaque are not simple matrices. 
They consist of a diverse collection of microbial species, and 
furthermore have a highly organized structure in which different 
species can occupy specific sites or niches within the biofilms.25 

During dental biofilm formation, bacteria that are early coloniz-
ers, such as Streptococci (i.e., S. gordonii, S. oralis, etc.) with 
specific adhesins can effectively bind to proteins deposited as a 
pellicle coat on the tooth surface.  This is followed by the sub-
sequent recruitment of intermediate and late colonizing species 
through cell-cell coadhesion via specific adhesin-receptor inter-
actions.25 These specific bacterial physical associations eventu-
ally generate a highly structured microbial community, which 
we recognize as dental plaque or biofilms.5,6,26 Furthermore, bac-
terial species within dental biofilm are often engaged in exten-
sive signaling and metabolic interactions to ensure their survival 
within the microbial community.6

 Dental biofilms of healthy subjects harbor a commensal 
oral microbial community with properties that limit the invasive 
potential of opportunistic pathogens.3,27 And likemost ecological 
communities, once established, dental biofilm generally has a 
stable and controlled population of different organisms and dis-
plays resilience to environmental disturbance.28,29  However, as 
will be discussed in the following section, the microbial com-
position of denture biofilm flora and their pathogenic potentials 
could differ significantly from that of healthy dental biofilm, 
thus contributing to the pathogenesis of denture-biofilm related 
diseases, such as stomatitis. 

CONNECTIONS BETWEEN MICROBES AND ORAL DISEASES 
ASSOCIATED WITH DENTURE WEARING

 Denture stomatitis is a common disorder in subjects 
wearing dentures, which are prostheses that provide important 
functional and esthetic improvements for edentulous and par-
tially edentulous patients.30,31 The disorder is characterized as 
inflammation and erythema of the oral mucosal areas covered 
by the denture.  The current view regarding the etiology of den-
ture stomatitis is that it is a multifactorial infectious disease. 
It involves a number of associative factors, including denture-
induced trauma, continual denture wearing and denture plaque 
harboring pathogenic microbes, such as Candida.30 Among those 
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factors, the microbial biofilm formed on the denture surface 
plays a significant role in contributing to the disease pathogenic 
process. Whereas the normal commensal oral microbial com-
munity could prevent infection by interfering with the invasive 
potential of opportunistic pathogens, this is altered in the denture 
biofilm.  Indeed, the microbial composition of the biofilm which 
forms on denture surfaces differs significantly from that ob-
served in the oral cavity of healthy individuals.32,33 This could be 
due to the fact that denture wearing can alter normal oral physi-
ology by affecting normal salivary flow that plays an important 
role in shaping the microbial community.34 Meanwhile, the older 
segment of the population often has a comparable higher pro-
portion of denture wearer.35 These individuals are more likely 
to have systemic health conditions and could have already had 
imbalanced oral microbial ecosystem due to disturbance in host 
homeostasis. Furthermore, a denture provides a unique abiotic 
surface for microbial colonization, which often leads to the de-
velopment of a denture biofilm with microbial composition and 
structure different from normal oral biofilm.7,32

 Compared to the normal oral and dental biofilms, den-
ture biofilmsare associated with a much higher occurrence of 
Candida yeasts, particularly Candida albicans.36 C. albicans is a 
commensal fungal species commonly colonizing human muco-
sal surfaces. It co-exists with diverse oral microbial species and 
has long been adapted to the human host.37 In healthy individu-
als, C. albicans is usually a minor component of their oral mi-
crofloras. However, under conditions of immune dysfunction or 
local predisposing factors such as poor oral hygiene or ill-fitted 
dentures, colonizing C. albicans can become an opportunistic 
pathogen. In these patients, C. albicans becomes more predomi-
nant and invasive, causing recurrent mucosal infections such as 
denture stomatitis.38 The presence of C. albicans on denture and 
oral mucosal surfaces of denture wearers is positively associated 
with denture stomatitis.39 The virulence factors of C. albicans 
have been well documented.40 Among them, multiple host rec-
ognition biomolecules, such as Als1p and Hwp1p,41,42 as well 
as the secreted enzymes, including Aspartyl proteinases (SAP)43 
and Phospholipase (PL)44 have been shown to play important 
role in determining C. albicans’ pathogenicity. Meanwhile, its 
polymorphic growth patterns40 as well as phenotypic switching45 

have also been implicated in contributing to its virulence. While 
C. albicans infection cannot be claimed as the single causal 
pathogen for inducing denture stomatitis, it has a strong associa-
tive presence when the disorder occurs, and its eradication from 
denture and mucosal surfaces is associated with reversal of the 
condition.46,47 Hence, it is generally accepted that C. albicans is 
a main opportunistic pathogen which is involved in the develop-
ment and pathogenesis of denture stomatitis. Meanwhile, cer-
tain bacterial species, such as Prevotellasp., Veillonellasp. and 
Staphylococcus sp. have been found to be enriched in denture 
biofilms,48,49 although their potential role in denture stomatitis 
pathogenesis remains to be determined. More importantly, in-
creasing lines of evidence indicate the extensive Candida-bac-
terial interactions, which could impact their pathogenicity.37 For 

example, co-infection of C. albicans and Staphylococcus aureus 
has been shown to lead to increased mortality in animal model.50 
A better understanding of the physiology of Candida and bacte-
ria co-existence and the inter-kingdom Candida-bacterial inter-
actions would shed light on the impact of polymicrobial infec-
tion on the etiology of denture-related stomatitis. 
 
TREATMENT OF DENTURE-RELATED INFECTIOUS DISEASE

 Plaque formed on the denture surface often serves as a 
reservoir of opportunistic pathogens, including C. albicans for 
infections. In addition to maintaining good general oral hygiene, 
the most recommended approach to managing and preventing 
microbial-related disease associated with denture use is for pa-
tients to maintain a high level of denture hygiene by appropriate 
cleaning.51,52 Common approaches to denture cleaning utilized 
by patients include brushing with abrasive cleansers, such as 
toothpastes, and washing or soaking dentures using commercial 
chemical cleansers with antimicrobial compounds designed for 
this purpose. The latter is preferred, as brushing with abrasive 
cleansers has been shown to be less effective for removal of the 
biofilm, and furthermore, can roughen the denture surfaces and 
result in more rapid bacterial adherence and biofilm growth.7,53 
However, as observed with other biofilms, a problematic issue 
associated with denture plaque is that it reduces the effective-
ness of antimicrobial, including antifungal treatment.54 The 
mechanisms by which biofilm environments enhance antimi-
crobial resistance are not fully understood. However, putative 
mechanisms likely include decreased ability of the antimicrobial 
agents to penetrate and diffuse within the biofilm matrix, pro-
tective functions conferred to the putatively susceptible bacteria 
due to slower growth rates and even changes in phenotype, and 
perhaps protective factors secreted by other microbes within the 
biofilm community which can degrade the applied antimicro-
bial agents.55 In addition, the materials used in the manufacture 
of dentures can also affect adherence and colonization by mi-
crobes, including C. albicans, as well as impact the efficacy of 
antimicrobial treatment on thebiofilm.56  

 Soaking dentures in an appropriate commercial cleans-
er has been shown to be effective in removing attached microbes 
without increasing surface roughness.57 Overnight denture re-
moval is also important for controlling denture plaque, as it iso-
lates the denture from salivary secretion that provides nutrients 
for microbial growth of denture biofilm. In addition to main-
taining denture hygiene, various antimicrobials, including im-
idazole (clotrimazole, ketaconazole), triazole (fluconazole, itra-
conazole) and polyene (nystatin, amphotericin B) antifungals for 
treating Candida, and antibiotics for treating bacterial pathogens 
were also recommended for controlling denture-related mucosal 
infections.58,59 

 More recently, a new antifungal therapeutic approach 
Photodynamic (PDT) therapy has been used to treat denture sto-
matitis.60 PDT uses a photosensitizing agent and light of appro-
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priate wavelength. The interaction between the photosensitizer 
and light in the presence of oxygen produces reactive species 
that induce cell damage and death.61 In a recent clinical trial, 
PDT was shown to be as effective as topical nystatin in the 
treatment of denture stomatitis.62 Since PDT can effectively kill 
Candida species, including strains resistant to conventional an-
tifungal agents,63 it has been regarded as a promising method 
for the treatment of dental stomatitis. Recurrence of stomatitis 
is frequently observed within short period of time after stop-
ping antifungal treatment.64  This is likely due to reinfection by 
residual pathogens that remain within plaque on dentures and 
are resistant to treatment. Meanwhile, many patients failed to 
respond to the usual treatment, largely due to the development 
of drug resistance of candida species. For patients with systemic 
diseases, such as type 2 diabetes mellitus or being immunocom-
promised,65 they often show less responsiveness to the treatment 
as well. When treating these patients, combined efforts including 
antifungal treatment and improving patients overall health status 
are critical in determining the outcome.66

 The knowledge we are gaining from molecular biologi-
cal studies of dental and denture biofilms is contributing to the 
development of novel therapeutic tools.6,67 One approach is to 
build on our ability to identify specific pathogenic organisms 
that inhabit the biofilm, and develop therapeutics that specifi-
cally target these organisms. An example of this approach un-
dertaken by our research group is the development of STAMPs 
(Specifically Targeted Antimicrobial Peptides).68,69 A typical 
STAMP consists of two functional moieties conjoined in a linear 
peptide sequence: a nonspecific antimicrobial peptide serves as 
the killing moiety, whereas a species-specific binding peptide 
provides specific binding to a selected pathogen and facilitates 
the targeted delivery of the attached antimicrobial peptide. The 
feasibility of this approach has been demonstrated by the devel-
opment of C16G2, a STAMP specifically targeting S.mutans, the 
bacterium known to cause dental caries.  C16G2 has been shown 
to remove S. mutans within in vitro multi-species biofilms with 
high efficacy and specificity,68,70 and is under further animal and 
human evaluations.71 The successful demonstration of this tar-
geted approach could serve as proof-of-concept for applying this 
technology to the treatment of denture-related Candida infec-
tions.
 
CONCLUSIONS

 The past decade has witnessed significant advances in 
our understanding of oral microbiota.  We now better understand 
the structural and functional complexity of dental and denture 
plaque, and a strong connection between oral microbial ecol-
ogy and host health and disease has been established. It is well 
known that the control of microbial pathogens, such C. albicans 
on dentures and in the oral cavity is critical for the oral health 
of denture wearers. Continued efforts using modern scientific 
methods will help us develop more diagnostic tools and thera-
peutic interventions for the identification, treatment and preven-
tion of denture infections. New and improved approaches will 

be able to treat and control denture infections with less physical 
damage to denture surfaces by providing improved mechanisms 
for killing and removing microorganisms in the denture biofilm.  
We can envisage products that will have targeted killing of se-
lective pathogens without affecting other commensal species 
within the same denture biofilm. Finally, we can also expect to 
see new products that will be able to enhance natural oral immu-
nity, and provide cavity protection or control gingival disease in 
dentate individuals, and other inflammatory disorders in denture 
wearers.  
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ABSTRACT

 Dental implants offer excellent tooth replacement options however; peri-implantitis 
can limit their clinical success by causing failure. Peri-implantitis is an inflammatory process 
around dental implants resulting in bone loss in association with bleeding and suppuration. 
Dental plaque is at the center of its etiology, and in addition, systemic diseases, smoking, and 
parafunctional habits are also implicated. The pathogenic species associated with peri-implan-
titis include, Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, and Tanner-
ella forsythia. The goal in the management of peri-implantitis is the complete resolution of 
peri-implant infection with function. Therapies using various biomaterials to deliver antibiot-
ics have been used in the treatment of peri-implantitis e.g. fibers, gels, and beads. The use of 
guided tissue regeneration barrier membranes loaded with antimicrobials has shown success in 
re-osseointegrating the infected implants in animal models. Several uncertainties still remain 
regarding the management of peri-implantitis. The purpose of this article is to present a back-
ground of peri-implantitis along with a case of peri-implantitis successfully treated for bone 
regeneration.

KEYWORDS: Peri-implantitis; Defect fill; Surgery; Peri-implant mucositis; Bone grafting; Im-
plant failure.

ABBREVIATIONS: GTR: Guided Tissue Regeneration; ePTFE: expanded Polytetrafluoroethyl-
ene. 

INTRODUCTION

 Tooth loss occurs for a variety of reasons and results in resorption of the alveolar 
ridge if left unreplaced.1 Achievement of successful periodontal regeneration provides a great 
challenge to the dental surgeons.2 Dental implants are a successful in replacing teeth, with 
implant survival rates reported to be greater than 89% at 10-15 years follow up.3-5 Around two 
million implants are placed each year and the number of implants placed per year is expected 
to increase both due to the success of implant therapies and the aging world population.6 While 
success rates of dental implants are initially quite high, 6-12% of dental implants fail and are 
lost or must be removed.4,7,8 Failures are due to biomechanical and/or biological imbalances.6,9-13 
High functional loads at the implant–bone interface due to bruxing/clenching or mechanical 
damage to implant superstructure leads to biomechanical failures.6,9,12,14 Biological failures are 
associated with microbial plaque accumulation, bacterial infections, bone loss and sensory dis-
turbances.6,10,12,15,16 Early biological failures are associated with contaminated surgical implant 
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placement or un-favorable healing response.4,5,10,15 However, late 
implant failures are typically peri-implantitis, infections induced 
by plaque.9,17,18 The consequences of this early or delayed, bio-
mechanical or biological, peri-implant disturbances can lead to 
loss of implant.19 Interventional therapies using non-surgical or 
surgical techniques with or without various biomaterials1,20-22 and 
antibiotics have been employed in the management of peri-im-
plant disease to prevent implant failure.23,24 This article presents 
literature surrounding peri-implant disease and a clinical case 
involving a failing implant and its stabilization with allograft 
bone material.

PERI-IMPLANT DISEASE

 Peri-implant disease is an inflammatory process that 
affects the surrounding tissues of a functional osseointegrated 
implant.25 Peri-implant disease is the general term used to de-
scribe host tissue inflammatory reactions and is of two types. 
The first type is peri-implant mucositis which is defined as a 
reversible inflammatory reaction in soft tissues surrounding the 
dental implant.6,26 The second type is the peri-implantitis, de-
fined as an inflammatory process affecting the tissues (soft and 
hard) surrounding an osseointegrated implant resulting in loss 
of supporting bone and associated with bleeding and suppura-
tion.6 Peri-implantitis is usually the result of the disturbance of 
the equilibrium between the micro-flora and the defense sys-
tem.27 The soft and hard tissues surrounding an osseointegrated 
(bone-to-implant contact) implant shows some similarities with 
the periodontium in the natural dentition. It is important to real-
ize that the diagnosis of peri-implant disease is not synonymous 
with implant failure. An infection of the implant does not auto-
matically mean that the implant will fail.6,10,12,28 

EPIDEMIOLOGY AND PATHOGENESIS OF PERI-IMPLANTITIS

 Data from clinical investigations with up to 5 years 
follow-up show that the incidence of implants exhibiting peri-
implantitis is low (0.3-14%) and that the highest incidence 
of implant loss is within the first 12 months after implanta-
tion.4,5,7,12,29,30 However, this incidence rate could be an underes-
timation due to poor clinical diagnosis due to avoidance of prob-
ing around dental implants during routine clinical exams and the 
short duration of clinical studies which are less than 5 years. It 
may take more than 5 years for peri-implant disease to reach 
clinical expression.6,10-12,31 Therefore it can be assumed that the 
incidence of peri-implant disease and implant loss may increase 
if longer evaluation periods were considered. It has been report-
ed that ~11% failure rate is seen in patients who are smokers 
versus ~5% for non-smokers, which is attributed to impaired im-
mune function and compromised healing in smokers.32-35 It has 
been proposed that smoking cessation before implant placement 
can result in rates similar to those of non-smokers.35 Patients 
with conditions such as osteopenia, osteoporosis, diabetes, hy-
per-inflammatory phenotype and bisphosphonate use, have been 
associated with increased risks of implant failure due to poor 

bone healing and infection.12 Material surface, properties and de-
sign of dental implants also play a role in development of peri-
implantitis. It has been observed that exposed rough surfaces 
tend to accumulate and retain more bacterial plaque than smooth 
surfaces and are more frequently surrounded by inflamed tis-
sues.10,36 Calcium phosphate coatings are used to promote osseo-
integration by increasing the surface area however they increase 
the risk for peri-implant infection in comparison to non-coated 
implants.3,37,38 Peri-implantitis is complex and multivariate with 
respect to implant design and surface along with patient factors, 
such as systemic health, smoking, oral hygiene and periodontal 
disease.39 

 Although bacterial species are known to have complex 
symbiotic arrangements to optimize survival, changes in compo-
sition of plaque microflora such as an increase in acid-producing 
bacteria or gram-negative anaerobes can lead to diseases such 
as peri-implantitis.40-42 Poor oral hygiene results in the devel-
opment of the bacterial plaque around implants. Maturation of 
plaque (peri-implant pathogens evolve) contributes to inflam-
matory infiltrate formation in mucosal tissues, also known as 
perimucositis.43 After implantation (in patient with periodontal 
disease), bacteria move from periodontal pockets of remaining 
teeth and other oral tissues to colonize the implant surfaces.9,44,45 
Colonization of the implant starts at surface irregularities (supra-
structure/ implant collar) and spreads down the implant towards 
the base.10 A deficient implant-abutment interface also provides 
a favorable site for bacterial accumulation, which contributes to 
the peri-implant inflammatory reactions.38,46 Although the perio-
pathogenic species in periodontitis and peri-implantitis are al-
most similar, there are differences observed with respect to rela-
tive numbers and species present.40,47-50 Surviving and successful 
implants are observed to be populated with gram-positive coc-
coid cells, rods, gram-negative anaerobes, and a low ratio of an-
aerobe/aerobes.10,51 Failing implants show greater proportions of 
periodontal pathogens, including gram-negative anaerobe rods, 
fusiform bacteria, motile rods, and spirochetes.52

DIAGNOSIS OF PERI-IMPLANTITIS 

 Accurate and timely diagnosis of peri-implantitis is a 
clinical challenge and relies on accurate assessment of the sta-
tus of peri-implant tissues.23,53-55 Aspects commonly assessed are 
pain, probing depth, mobility, bleeding index and radiograph-
ic evaluation of bone loss.23,54-57 Signs of peri-implant disease 
include bleeding or suppuration after probing, swelling, peri-
implant pockets greater than 4 mm, bone loss or saucer-shaped 
radiolucency around the implant, implant mobility and pain.58 
The diagnosis of peri-implant mucositis is generally associated 
with the presence of exudate release, swelling and/or bleeding 
on probing but without loss of bone. Peri-implantitis exhibits 
crestal bone loss,6,11,47,54,57 and moderate to advanced peri-im-
plantitis is diagnosed by radiographs showing saucerization of 
bone loss around implant, loss of gingival attachment, probing 
depths greater than 4 mm, mobility of implant, bleeding and sup-
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puration.59,60 A scale developed by James and Misch for classi-
fies peri-implant disease on the basis of clinical symptoms and 
radiographic appearance ranging from optimum conditions to 
absolute failure.23 The major diagnostic parameters considered 
in the classification include absence of pain, probing depth, rigid 
fixation, bleeding index, and radiographic evaluation of bone 
loss. The classification into groupings is based on the following 
findings:

Group 1: In this group the implant causes no pain or tenderness 
upon palpitation or function, stable probing depth, no horizontal 
or vertical mobility under loads of 500 g, less than 1 mm bone 
loss in the preceding 3 years, no exudates, and no radiolucency. 

Group 2: This group is indicative of mucositis, or inflamma-
tion without any bone loss. There may be presence or history of 
exudate, swelling and/or bleeding on probing but without crestal 
bone loss.

Group 3: This includes moderate peri-implantitis, in which pa-
tients exhibit some degree of bone loss, and chronic inflamma-
tory reaction around the implant, but the implant remains stable 
in the bone. 

Group 4: This group represents clinical failure, where implants 
cause pain upon palpitation or function, greater than 1 mm hori-
zontal mobility (also presence of vertical mobility a possibil-
ity), uncontrolled exudate, and radiolucency upon radiographic 
examination. 

Group 5: Here in this group there is absolute failure, which oc-
curs when the implant is surgically removed or exfoliated by the 
body.23

MANAGEMENT OF PERI-IMPLANTITIS

 Various therapeutic strategies are employed in the 
management of peri-implant diseases (peri-implant-mucositis 
& peri-implantitis) in order to prevent failure of implant treat-
ment.19,61-63 Implant removal is indicated only when peri-implan-
titis has led to loss of osseointegration with more than 60% loss 
of bone to implant contact along with mobility of implant.19,23 
The following literature discusses some of the available treat-
ment strategies for the management of peri-implant disease. 

Non-Surgical Mechanical Debridement

 The first line of treatment of peri-implantitis is scal-
ing and root planning, sometimes referred to as non-surgical de-
bridement.63 A metal or plastic instrument is used to physically 
scrape the subgingival surface of the implant around the affected 
areas. This is accompanied with oral hygiene instructions to 
make the patient follow a strict oral hygiene regimen. The pur-
pose of scaling and root planning is to reduce the inflammation 
by mechanically disrupting the biofilm on the implant surface.64 
In some cases, scaling is also combined with chlorhexidine ir-

rigation and/or topical application.39 Concerns have been raised 
regarding scratching and roughening the implant-abutment as-
sembly with scalers which may contribute to potential increased 
plaque accumulation.65,66 Therefore, it is desired that scaling 
and surface decontamination processes should leave the surface 
smooth or to avoid further plaque accumulation. 

Local Antimicrobial Delivery in Periodontitis and Peri-Implan-
titis
 
 It has become standard practice in treatment of peri-
odontitis to locally administer antibiotics to patients with moder-
ate to severe disease progression.67 To maintain a sustained level 
of antibiotic at the site of infection, controlled release devices 
such as chips, gels, polymeric fibers, or microcapsules have been 
investigated and developed.68-72 Various antiseptics and antibiot-
ics have been incorporated into these devices, including doxy-
cycline, tetracycline, minocycline, chlorhexidine, and metroni-
dazole.72-77 These devices are intended to keep the concentration 
of antimicrobial agent elevated in the gingival crevicular fluid 
for an extended period before degrading or being removed. One 
approach is to use local delivery devices developed for treating 
periodontitis, and implement them in the management of peri-
implantitis. However, Mombelli, et al. in their clinical study 
showed that it is difficult to advance a local delivery device to 
the bottom of a deep peri-implant pocket.78 This indicates that 
simply using periodontal therapies to treat peri-implantitis may 
not be an adequate and ideal solution.

Surgical Debridement and Bone Grafting

 When scaling, implant surface debridement and local 
anti-microbial therapies fail to cease the progression of peri-
implantitis, surgical debridement may be necessary. This mainly 
involves the resection of affected tissues (granulation tissue), de-
bridement, implant surface decontamination, followed by bone 
grafting, with or without the use of barrier membranes.39 Bar-
rier membranes are used to promote the osseointegration of the 
titanium surface, and provide a barrier for epithelial migration 
into the defect space.21 These membranes can be natural or syn-
thetic and can be fabricated using resorbable or non-resorbable 
materials.21 Studies comparing the use of resorbable (polylactic 
acid) and non-resorbable membranes, such as expanded Polytet-
rafluoroethylene (ePTFE) have shown similar clinical efficacy 
for the two approaches.79 In addition, Guided Tissue Regenera-
tion (GTR) membranes, intended for periodontal bone regen-
eration and antimicrobial activity have been investigated. These 
GTR membranes are usually degradable and have been modified 
with tetracycline,80 doxycycline,81 chlorhexidine82 and metroni-
dazole.83 Furthermore, Bone grafting materials are utilized for 
bone regeneration in combination with GTR membranes. There 
are four classes of bone-grafting materials based upon the mode 
of action:

i. Autografts: Autogenous bone (usually harvested from man-
dibular ramus and chin) is an organic material and forms bone 
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by osteogenesis, osteoinduction, and osteoconduction. 

ii. Allografts: Graft tissues such as demineralized freeze-dried 
bone are osteo-inductive and osteoconductive and may be corti-
cal and/or trabecular in nature. Allograft is derived from humans 
and is harvested from an individual other than the one receiving 
the graft. 

iii. Xenografts: Graft tissues harvested from animals, for in-
stance bovine and porcine (Bio Oss). These usually contain min-
eral portion (hydroxyapatite) of the bone.

iv. Alloplasts: Synthetic grafts such as hydroxyapatite, tricalci-
um phosphate, dicalcium phosphates, bioactive glasses etc. may 
be synthetic or natural, vary in size, and are mainly osteoconduc-
tive. These can be further divided based upon the porosity of the 
product.14,20,84 

 Clinical studies have shown improvement in defect fill 
and probing depth when patients were treated with bone graft 
regardless of the use of resorbable membranes.85 These materi-
als have different properties and therefore their indications may 
vary. The use of the three classes of materials in diverse combi-
nations depends upon the size and topography of the bony de-
fect. Small defects or defects with four walls of host bone can be 
repaired with alloplasts alone or allografts in combination with 
alloplasts.86,87 The mechanisms that provide a rationale for bone 
grafting are as follows:

 Osteoconduction is a function of a bone graft that pro-
vides a tridimensional scaffold for ingrowth of host capillaries 
and osteoprogenitor cells.88 The bone graft material serves as a 
scaffold for new bone growth and the osteoblasts from the mar-
gin of defect utilize the bone graft material as a framework upon 
which new bone formation occurs. Bone regeneration in early 
phases at grafted sites is dominated by active bone resorption 
and formation throughout the graft material. The latter phase is 
characterized by osteoconduction and a process known as creep-
ing substitution.89

 Osteoinduction involves stimulation of osteoprogenitor 
cells to differentiate into osteoblasts and then begins formation 
of new bone. The osteoblast precursors differentiate into mature 
osteoblasts under the influence of osteoinductors and synthe-
size new bone during the first weeks. Growth factors involved 
in bone formation act on fibroblast and osteoblast proliferation, 
extracellular matrix deposition, mesenchymal cell differentia-
tion and vascular proliferation.90 A bone graft material that is os-
teoinductive, not only serves as a scaffold for currently existing 
osteoblasts but will also trigger formation of new osteoblasts, 
promoting faster integration of the graft.

 Osteogenesis occurs when vital osteoblasts originating 
from bone graft material contributes to the growth of new bone 
along with bone formation.91 A requirement for bone regenera-

tion is the presence or recruitment of osteoblast precursors and 
growth factors at sites of augmentation. 
 
 Osteopromotion involves the enhancement of osteoin-
duction process without possessing of the osteoinductive proper-
ties.92 For example, enamel matrix derivative enhances the osteo-
inductive effect of demineralized freeze-dried bone allograft.93 

CASE REPORT
 
 A 49 year old male presented in the outpatient depart-
ment complaining of swelling, bleeding on brushing and pain on 
chewing around the implant site in the anterior maxilla from 6 
months (Figure 1).

 Implant fixture was placed 4 years ago and was restored 
3 months after surgical placement. Patient’s oral hygiene was 
average with some plaque deposits on posterior teeth. The ante-
rior tooth relation was in edge to edge incisor position. Clinical 
examination revealed gingival marginal bleeding, visible bone 
deficiency and mobile prosthetic component with displacement. 
The patient had extremely sensitive gingival tissues that bled 
instantly on probing and had a history of smoking. Patient was 
lacking in posterior stability due to moderate tooth wear on ante-
rior teeth and over-eruption of mandibular anterior teeth. Excur-
sive and protrusive guidance was on central and lateral incisors. 
Moderate to severe teeth attrition on anterior teeth was sugges-
tive of heavy non-axial occlusal loading on the anterior teeth 
(Figure 2).

Figure 1: Pre-operative anterior view showing bleeding from the gingival 
margin of the affected implant.

Figure 2: Pre-operative occlusal view.
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 Implant was restored using a cement retained pre-
formed standard abutment and cement retained crown. A peri-
apical radiograph revealed significant bone defect around the 
marginal areas of the implant (Figure 3).

 

 All of the above mentioned signs and symptoms, both 
clinical and radiographic were the classic indications of implant 
failure and peri-implantitis.

Treatment

 After gathering all the relevant information, it was 
planned to undergo surgical debridement of the infected implant 
with peri-implantitis due to severe pocketing. Another goal of 
the surgical approach was to allow access for debridement and 
bone grafting. The abutment was removed and soft tissue flap 
was raised to expose the implant surface. Debridement (with re-
moval of granulation tissue) of the implant surface and the defect 
was carried out and MinerOss Cortical & Cancellous (Biohori-
zons, USA) was placed in the defect followed by the placement 
of AlloDerm GBR (Biohorizons, USA). Soft tissue closure was 
carried out over a cover screw and post-operative instructions 
were given to the patient. Healing of the surgical wound was 
uneventful. At 8 weeks follow up, clinically soft tissue contours 
around the implant and the healing screw were well established. 
At 12 weeks follow up, radiographic appearance showed in-
creased presence of bone around the implant fixture, at this stage 
impression was taken and the implant was loaded a week later 
with a standard implant abutment and cement retained crown. At 
6 months follow up, peri-apical radiograph was taken to assess 
the implant and the surrounding tissues (Figure 4). 

 The implant fixture along with the prosthetic crown is 
seen in the desired position however, the bony defect had again 

started to occur. Clinically, signs of inflammation were visible 
again over the soft tissue surrounding the implanted tooth (Fig-
ure 5). 

DISCUSSION

 Endosseous dental implants have become quite signifi-
cant in prosthodontics and restorative dentistry since the early 
1970’s.94,95 Despite many advances in the techniques, materi-
als and implant design, there is always the potential for clinical 
failure and hence it has been a significant concern both for the 
patient and the dentist. Dental implant failures occur occasion-
ally, and clinicians may hesitate to perform a second implanta-
tion because of the uncertain prognosis.96 This also underlines 
the necessity for a predictable treatment strategy for the main-
tenance and therapy of peri-implantitis. There is an acute lack 
of scientific guidelines for the management of peri-implantitis. 
As no agreed standard of care protocol for the treatment of peri-
implantitis exists, it is reasonable to present a case report using 
principles previously reported to be efficacious in the treatment 
of periodontitis.58

Figure 3: Pre-operative clinical radiograph 
showing bone resorption around the dental 
implant.

Figure 4: Post-operative clinical radiograph, 
taken 6 months after allograft placement show-
ing higher bone levels in comparison with what 
was observed before treatment.

Figure 5: Post-operative anterior view, 6 months after treatment showing 
healthier soft tissue margins.
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 Factors implicated in the etiology of the peri-implant 
infection include status of the tissue around implant, degree of 
roughness, external morphology and excessive mechanical load. 
Indicators of an implant failure include horizontal and vertical 
mobility, progressive bone loss, pain during percussion or func-
tion and infection.97-99 While observing the clinical and the ra-
diographic features of the patient, anterior attrition was evident 
with the history of heavy brushing, bruxism and smoking. Ac-
cording to the literature, the most common patient habits that 
adversely affect the dental implants are bruxism and smoking. 
Para functional habits (such as chewing ice and nibbling on hard 
objects) may cause premature implant failure.32,100,101 In addi-
tion, the patient in this case report was also a smoker and sev-
eral epidemiologic studies have shown the negative influence 
of smoking on periodontal status and an increased risk of de-
veloping periodontitis.102-104 The relationship between smoking 
and implant failures has been evaluated in several retrospective 
and prospective clinical studies and there are reports that signifi-
cantly greater percentage of implant failures occur in smokers 
than in non-smokers.33,34,105 Therefore, it can be concluded that 
para functional activity in combination with smoking were ma-
jor contributing factors in the development of peri-implantitis in 
the case presented in this report.

 From the case reports available in literature, it can be 
concluded that treatment of peri-implantitis lesions with the 
combination of grafts and barrier membranes may lead to bone 
infill. However, the results of a comparative study by Khoury & 
Buchmann on treatment of peri-implantitis indicate that place-
ment of barrier membranes in addition to bone grafting does not 
provide any adjunctive effects.106 Unfortunately, not all peri-
implantitis lesions are favorable to regeneration. For implants 
with thin facial and lingual walls, peri-implantitis typically does 
not produce a crater-form defect with four walls. In some of 
these cases, the defect will present as a complete loss of the sur-
rounding bony walls leaving regeneration as an unpredictable 
treatment choice. Charalampakis, et al. evaluated the longevity 
and incidence of relapse of multiple different treatments on peri-
implantitis lesions.107 Over half of the cases evaluated relapsed 
and were not controlled. Patient habits and early disease devel-
opment were associated with higher rates of relapse and surgi-
cal therapy with lower rates of relapse.107 Long-term success of 
an implant depends on regular maintenance program. During 
maintenance phase, peri-implant tissue should be evaluated for 
inflammation. Patient education and relieving the possible risk 
factors need to be addressed to ensure longevity of the implant 
fixtures. All the treatment modalities in combination can result 
in a long-term good prognosis however; the treated cases must 
be watched closely as relapse is common.

CONCLUSIONS 

 In summary, development and management of peri-
implantitis continues to be a challenge for dental practitioners 
and surgeons providing implant treatment. The microbial popu-
lations differ widely from patient to patient, and have the ability 

to change and develop over time which makes the treatment of 
peri-implantitis a difficult task. The use of bone allografts along 
with GTR in filling peri-implant defects is a pragmatic treatment 
option. However, there is lack of credible evidence suggesting 
that a specific treatment protocol or biomaterial is superior to 
others in treating peri-implant defects.

RECOMMENDATIONS

 It is clear that several uncertainties still exist regarding 
management of peri-implantitis. Most of the studies reporting 
either open debridement with pocket reduction therapy or im-
plant detoxification with the use of antibiotics for the treatment 
of peri-implantitis are case reports that are short-term and in-
clude a few cases only. However, long-term monitoring of con-
secutively treated cases in form of randomized controlled trials 
are further required. This will help in establishing predictable 
and stable improvements.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

CONSENT

Authors obtained written and informed consent from the patient 
for submission of this manuscript for this publication. 

REFERENCES

1. Sheikh Z, Sima C,  Glogauer M. Bone replacement materi-
als and techniques used for achieving vertical alveolar bone 
augmentation. Materials. 2015; 8(6): 2953-2993. doi: 10.3390/
ma8062953 

2. Sheikh Z, Glogauer M. Successful ridge augmentation: the 
challenge of periodontal tissue engineering. EC Dent Sci. 2015; 
2: 216-218.

3. Rosenberg ES, Cho SC, Elian N, Jalbout ZN, Froum S, Evian 
CI. A comparison of characteristics of implant failure and sur-
vival in periodontally compromised and periodontally healthy 
patients: a clinical report. The Int J Oral Max Fac Imp. 2004; 
19(6): 873.

4. Snauwaert K, Duyck J, van Steenberghe D, QuirynenM, Naert 
I. Time dependent failure rate and marginal bone loss of implant 
supported prostheses: a 15-year follow-up study. Clinical oral 
investigations. 2000; 4(1): 13-20.

5. Esposito M, Hirsch J-M, Lekholm U, Thomsen P. Biological 
factors contributing to failures of osseointegrated oral implants, 
(II). Etiopathogenesis. European journal of oral sciences. 1998; 
106(3): 721-764. doi: 10.1046/j.0909-8836..t01-6-.x
 
6. Klinge B, Hultin M, Berglundh T. Peri-implantitis. Dental 

http://www.mdpi.com/1996-1944/8/6/2953
http://www.mdpi.com/1996-1944/8/6/2953
http://onlinelibrary.wiley.com/doi/10.1046/j.0909-8836..t01-6-.x/abstract


                                                     Dentistry

Open Journal
http://dx.doi.org/10.17140/DOJ-2-117

Dent Open J

ISSN 2377-1623

Page 93

Clinics of North America. 2005; 49(3): 661-676.

7. Berglundh T, Persson L, Klinge B. A systematic review of the 
incidence of biological and technical complications in implant 
dentistry reported in prospective longitudinal studies of at least 
5 years. Journal of clinical periodontology. 2002; 29(s3): 197-
212. doi: 10.1034/j.1600-051X.29.s3.12.x
 
8. O’Mahony A, Spencer P. Osseointegrated implant failures. 
Journal of the Irish Dental Association. 1998. 45(2): 44-51.

9. Quirynen M,  Vogels R, Peeters W. Dynamics of initial sub-
gingival colonization of ‘pristine’peri-implant pockets. Clinical 
oral implants research. 2006; 17(1): 25-37. doi: 10.1111/j.1600-
0501.2005.01194.x
 
10. Quirynen M, De Soete M, Van Steenberghe D. Infectious 
risks for oral implants: a review of the literature. Clinical oral 
implants research. 2002; 13(1): 1-19. doi: 10.1034/j.1600-
0501.2002.130101.x
 
11. Romeo E, Ghisolfi M, Carmagnola D. Peri-implant diseases: 
a systematic review of the literature. Minerva stomatologica. 
2004; 53(5): 215-230.

12. Tonetti MS. Determination of the success and failure of 
root-form osseointegrated dental implants. Advances in den-
tal research. 1999; 13(1): 173-180. doi: 10.1177/089593749 
90130010801
 
13. Piattelli A, Scaranoa A, Dalla Norab A, De Bonab G, Favero 
GA.  Microscopical features in retrieved human Branemark im-
plants: a report of 19 cases. Biomaterials. 1998; 19(7): 643-649. 
doi: 10.1016/S0142-9612(97)00158-0
 
14. Quirynen M, et al. The intra-oral translocation of periodon-
topathogens jeopardises the outcome of periodontal therapy. 
Journal of Clinical Periodontology. 2001; 28(6): 499-507. doi: 
10.1034/j.1600-051x.2001.028006499.x
 
15. Esposito M, Hirsch J, Lekholm U, Thomsen P. Differential 
diagnosis and treatment strategies for biologic complications 
and failing oral implants: a review of the literature. International 
Journal of Oral and Maxillofacial Implants. 1999; 14(4): 473-
490.

16. Teughels W, Van Assche N, Sliepen I, Quirynen M. Effect 
of material characteristics and/or surface topography on biofilm 
development. Clinical oral implants research. 2006; 17(S2): 68-
81. doi: 10.1111/j.1600-0501.2006.01353.x
 
17. Quirynen M,  Teughels W. Microbiologically compromised 
patients and impact on oral implants. Periodontology 2000. 
2003; 33(1): 119-128. doi: 10.1046/j.0906-6713.2003.03310.x
 
18. Tonetti MS. Risk factors for osseodisintegration. Peri-

odontology. 2000; 1998. 17(1): 55-62. doi: 10.1111/j.1600-
0757.1998.tb00123.x
 
19. Lang, NP, Lindhe J. Clinical periodontology and implant 
dentistry. 2015: John Wiley & Sons.

20. Sheikh ZA, Javaid A, Abdallah MA, Bone MN.  Replace-
ment Graft Materials in Dentistry, in Dental Biomaterials (Prin-
ciple and its Application). In: Khurshid SZ, Ed. 2013, Paramount 
Publishing Enterprise.

21. Zeeshan Sheikh MA. Hamdan N, Javaid MA, Khurshid Z. 
Barrier membranes for tissue regeneration and bone augmenta-
tion techniques in dentistry in Handbook of Oral Biomaterials. 
In: Matilinna KP, ed. 2014, Pan Stanford Publishing: Singapore.

22. Tamimi F, Sheikh Z, Barralet J. Dicalcium phosphate ce-
ments: brushite and monetite. Acta Biomater. 2012; 8(2): 474-
87.

23. Misch CE. Contemporary implant dentistry. 2007: Elsevier 
Health Sciences.

24. Mombelli A, Lang N. Antimicrobial treatment of peri-im-
plant infections. Clinical oral implants research. 1992; 3(4): 
162-168.

25. Tonetti MS, Schmid J. Pathogenesis of implant failures. 
Periodontology. 2000. 1994; 4(1): 127-138. doi: 10.1111/j.1600-
0757.1994.tb00013.x
 
26. Misch CE. Contemporary implant dentistry. Implant Den-
tistry. 1999; 8(1): 90.

27. Rokn AR, Sajedinejad N, Yousefyfakhr H, Badri S. An un-
usual bone loss around implants. Journal of Dentistry (Tehran, 
Iran). 2013; 10(4): 388.

28. Roller MB, Li Y,  Yuan JJ. Implantable medical devices and 
methods for making same. 2009; Google Patents.

29. Costerton J, Montanaro L, Arciola C. Biofilm in implant in-
fections: its production and regulation. The International jour-
nal of artificial organs. 2005; 28(11): 1062-1068.

30. Ferreira S, Silva GL, Cortelli JR, Costa JE, Costa FO. Prev-
alence and risk variables for peri-implant disease in Brazilian 
subjects. Journal of Clinical Periodontology. 2006; 33(12): 929-
935.

31. Ellegaard B, Baelum V, Karring T. Implant therapy 
in periodontally compromised patients. Clinical Oral Im-
plants Research. 1997; 8(3): 180-188. doi: 10.1034/j.1600-
0501.1997.080304.x 

32. Karoussis IK, Salvi GE, Heitz-Mayfield LJ, Brägger U, 

http://onlinelibrary.wiley.com/doi/10.1034/j.1600-051X.29.s3.12.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0501.2005.01194.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0501.2005.01194.x/abstract
http://onlinelibrary.wiley.com/doi/10.1034/j.1600-0501.2002.130101.x/abstract
http://onlinelibrary.wiley.com/doi/10.1034/j.1600-0501.2002.130101.x/abstract
http://adr.sagepub.com/content/13/1/173.long
http://adr.sagepub.com/content/13/1/173.long
http://www.sciencedirect.com/science/article/pii/S0142961297001580
http://onlinelibrary.wiley.com/doi/10.1034/j.1600-051x.2001.028006499.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0501.2006.01353.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.0906-6713.2003.03310.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0757.1998.tb00123.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0757.1998.tb00123.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0757.1994.tb00013.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0757.1994.tb00013.x/abstract
http://onlinelibrary.wiley.com/doi/10.1034/j.1600-0501.1997.080304.x/abstract
http://onlinelibrary.wiley.com/doi/10.1034/j.1600-0501.1997.080304.x/abstract


                                                     Dentistry

Open Journal
http://dx.doi.org/10.17140/DOJ-2-117

Dent Open J

ISSN 2377-1623

Hämmerle CH, Lang NP. Long-term implant prognosis in pa-
tients with and without a history of chronic periodontitis: a 10 
year prospective cohort study of the ITI® Dental Implant Sys-
tem. Clinical Oral Implants Research. 2003; 14(3): 329-339. 
doi: 10.1034/j.1600-0501.000.00934.x
 
33. De Bruyn H, Collaert B. The effect of smoking on early im-
plant failure. Clinical oral implants research. 1994; 5(4): 260-
264. doi: 10.1034/j.1600-0501.1994.050410.x
 
34. Bain CA, Moy PK. The association between the failure of 
dental implants and cigarette smoking. The International jour-
nal of oral & maxillofacial implants. 1992; 8(6): 609-615.

35. Bain CA. Smoking and implant failure--benefits of a smok-
ing cessation protocol. The International journal of oral & max-
illofacial implants. 1995; 11(6): 756-759.

36. Quirynen M, Bollen C. The influence of surface roughness 
and surfacefree energy on supra and subgingival plaque forma-
tion in man. Journal of clinical periodontology. 1995; 22(1): 
1-14.

37. Weyant RJ. Characteristics associated with the loss and peri-
implant tissue health of endosseous dental implants. The Inter-
national journal of oral & maxillofacial implants. 1993; 9(1): 
95-102.

38. Piattelli A, Cosci F, Scarano A, Trisi P. Localized chronic 
suppurative bone infection as a sequel of peri-implantitis in a hy-
droxyapatite-coated dental implant. Biomaterials. 1995; 16(12): 
917-920. doi: 10.1016/0142-9612(95)93116-U
 
39. Norowski PA,  Bumgardner JD. Biomaterial and antibiotic 
strategies for periimplantitis: a review. Journal of Biomedical 
Materials Research Part B: Applied Biomaterials. 2009; 88(2): 
530-543. doi: 10.1002/jbm.b.31152
 
40. Silverstein LH, Kurtzman D, Garnick JJ, Schuster GS, Steflik 
DE, Moskowitz ME. The microbiota of the peri-implant region 
in health and disease. Implant dentistry. 1994; 3(3): 170-175.

41. Heydenrijk K, Meijer HJ, van der Reijden WA, Raghoebar 
GM, Vissink A, Stegenga B. Microbiota around root-form en-
dosseous implants: a review of the literature. The International 
journal of oral & maxillofacial implants. 2001; 17(6): 829-838.

42. Van Houte J. Role of micro-organisms in caries etiol-
ogy. Journal of dental research. 1994; 73(3): 672-681. doi: 
10.1177/00220345940730031301 

43. Karbach J, Callaway A, Kwon YD, d’Hoedt B, Al-Nawas B. 
Comparison of five parameters as risk factors for peri-mucosi-
tis. The International journal of oral & maxillofacial implants. 
2008; 24(3): 491-496.

44. Takanashi K, Kishi M, Okuda K, Ishihara K. Colonization by 
Porphyromonas gingivalis and Prevotella intermedia from teeth 
to osseointegrated implant regions. The Bulletin of Tokyo Dental 
College. 2004; 45(2): 77-85. doi: 10.2209/tdcpublication.45.77
 
45. Heuer W,  Elter C, Demling A, et al. Analysis of early biofilm 
formation on oral implants in man. Journal of oral rehabilita-
tion. 2007; 34(5): 377-382.

46. Broggini N, , McManus LM, Hermann JS, et al. Peri-im-
plant inflammation defined by the implant-abutment inter-
face. Journal of Dental Research. 2006; 85(5): 473-478. doi: 
10.1177/154405910608500515
 
47. Meffert R. Periodontitis vs. peri-implantitis: the same disease? 
The same treatment? Critical Reviews in Oral Biology & Medi-
cine. 1996; 7(3): 278-291. doi: 10.1177/10454411960070030501
 
48. Listgarten MA. Microorganisms and dental implants. Jour-
nal of periodontology, 1999; 70(2): 220-222.

49. Mombelli A. Microbiology of the dental implant. Advances 
in dental research, 1993; 7(2): 202-206.

50. Sbordone L, Bortolaia C. Oral microbial biofilms and 
plaque-related diseases: microbial communities and their role in 
the shift from oral health to disease. Clinical oral investigations, 
2003; 7(4): 181-188. doi: 10.1007/s00784-003-0236-1

51. George K, Zafiropoulos GGK, Murat Y, Hubertus S, Nisen-
gard RJ. Clinical and microbiological status of osseointegrated 
implants. Journal of periodontology, 1994; 65(8): 766-770. doi: 
10.1902/jop.1994.65.8.766
 
52. Mombelli A, an Oosten MA, Schurch E Jr, Land NP. The 
microbiota associated with successful or failing osseointegrated 
titanium implants. Oral microbiology and immunology, 1987; 
2(4): 145-151.

53. Wingrove SS. Peri-implant therapy for the dental hygienist: 
clinical guide to maintenance and disease complications. 2013: 
John Wiley & Sons.

54. Mombelli A, Lang NP. The diagnosis and treatment of peri-
implantitis. Periodontology 2000. 1998; 17(1): 63-76. doi: 
10.1111/j.1600-0757.1998.tb00124.x
 
55. Mombelli A. Etiology, diagnosis, and treatment consider-
ations in peri-implantitis. Current opinion in Periodontology. 
1996; 4: 127-136.

56. RoosJansåker AM, Almhöjd US, Jansson H. Treatment of 
peri-implantitis: clinical outcome of chloramine as an adjunctive 
to non-surgical therapy, a randomized clinical trial. Clinical oral 
implants research. 2015. doi: 10.1111/clr.12612
 

Page 94

http://onlinelibrary.wiley.com/doi/10.1034/j.1600-0501.000.00934.x/abstract
http://onlinelibrary.wiley.com/doi/10.1034/j.1600-0501.1994.050410.x/abstract
http://www.sciencedirect.com/science/article/pii/014296129593116U
http://www.ncbi.nlm.nih.gov/pubmed/18698626
http://jdr.sagepub.com/content/73/3/672.long
https://www.jstage.jst.go.jp/article/tdcpublication/45/2/45_2_77/_article
http://jdr.sagepub.com/content/85/5/473.long
http://cro.sagepub.com/content/7/3/278.long
http://link.springer.com/article/10.1007%252Fs00784-003-0236-1
http://www.joponline.org/doi/abs/10.1902/jop.1994.65.8.766%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0757.1998.tb00124.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/26013241


                                                     Dentistry

Open Journal
http://dx.doi.org/10.17140/DOJ-2-117

Dent Open J

ISSN 2377-1623

Page 95

57. Meffert RM, Langer B,  Fritz ME. Dental implants: a review. 
Journal of periodontology. 1992; 63(11): 859-870.

58. Jepsen S, Berglundh T, Genco R, et al. Primary prevention 
of peri-implantitis: Managing peri-implant mucositis. Journal 
of clinical periodontology. 2015; 42(S16): S152-S157. doi: 
10.1111/jcpe.12369
 
59. Dewan SK, Arora A, Sehgal M, Khullar A. Implant failures: 
a broader perspective. Journal of Dental Implants. 2015; 5(1): 
53-59.

60. Van Steenberghe D, Naert I, Jacobs R, Quirynen M. Influ-
ence of inflammatory reactions vs. occlusal loading on peri-im-
plant marginal bone level. Advances in dental research. 1999. 
13(1): 130-135. doi: 10.1177/08959374990130010201
 
61. Roos-Jansåker AM, Renvert S, Egelberg J. Treatment of 
peri-implant infections: a literature review. Journal of clinical 
periodontology. 2003; 30(6): 467-485.

62. Lang NP, Mombelli A, Tonetti MS, Brägger U, Hämmerle 
CH. Clinical trials on therapies for peri-implant infections. An-
nals of Periodontology. 1997. 2(1): 343-356.

63. Renvert S, Polyzois IN. Clinical approaches to treat peri-
implant mucositis and peri implantitis. Periodontology 2000. 
2015; 68(1): 369-404.

64. Pihlstrom BL, Michalowicz BS, Johnson NW. Periodontal 
diseases. The Lancet. 2005; 366(9499): 1809-1820.

65. Matarasso S, Quaremba G, Coraggio F, Vaia E, Cafiero C, 
Lang NP. Maintenance of implants: an in vitro study of titanium 
implant surface modifications subsequent to the application of dif-
ferent prophylaxis procedures. Clinical oral implants research. 
1996; 7(1): 64-72. doi: 10.1034/j.1600-0501.1996.070108.x
 
66. McCollum J, O’Neal RB, Brennan WA, Van Dyke TE, Horn-
er JA. The effect of titanium implant abutment surface irregular-
ities on plaque accumulation in vivo. Journal of periodontology. 
1992; 63(10): 802-805. doi: 10.1902/jop.1992.63.10.802
 
67. Schenk G, Flemmig TF, Betz T, Reuther J, Klaiber B. Con-
trolled local delivery of tetracycline HCl in the treatment of pe-
riimplant mucosal hyperplasia and mucositis: a controlled case 
series. Clinical oral implants research. 1997; 8(5): 427-433.

68. Garrett S, Adams DF, Bogle G, et al. The effect of locally 
delivered controlled-release doxycycline or scaling and root 
planing on periodontal maintenance patients over 9 months. 
Journal of periodontology. 2000; 71(1): 22-30. doi: 10.1902/
jop.2000.71.1.22
 
69. Pedrazzoli V, Kilian M, Karring T. Comparative clinical 
and microbiological effects of topical subgingival application 

of metronidazole 25% dental gel and scaling in the treatment 
of adult periodontitis. Journal of clinical periodontology. 1992; 
19(9): 715-722. doi: 10.1111/j.1600-051X.1992.tb02534.x
 
70. Hill M, Moore R. Locally acting oral chemotherapeutic 
agents. Periodontics. Medicine, surgery, and implants. In: Rose 
L, Mealey B, eds. St. Louis: Elsevier Mosby, 2004: 276-87.

71. Mombelli A, et al. Treatment of peri-implantitis by local de-
livery of tetracycline. Clinical Oral Implants Research. 2001. 
12(4): 287-294.

72. Jeffcoat MK, Bray KS, Ciancio SG, et al. Adjunctive use of a 
subgingival controlled-release chlorhexidine chip reduces prob-
ing depth and improves attachment level compared with scaling 
and root planing alone. Journal of periodontology. 1998; 69(9): 
989-997. doi: 10.1902/jop.1998.69.9.989
 
73. Salvi GE, Persson GR, Heitz-Mayfield LJ, Frei M, Lang 
NP. Adjunctive local antibiotic therapy in the treatment of peri-
implantitis II: clinical and radiographic outcomes. Clinical oral 
implants research. 2007; 18(3): 281-285. doi: 10.1111/j.1600-
0501.2007.01377.x
 
74. Killoy WJ. Chemical treatment of periodontitis: local de-
livery of antimicrobials. International dental journal. 1998; 
48(S3): 305-315.

75. Rose LF. Periodontics: medicine, surgery, and implants. 
2004: Mosby Incorporated.

76. Mombelli A, Lehmann B, Tonetti M, Lang NP. Clinical 
response to local delivery of tetracycline in relation to overall 
and local periodontal conditions. Journal of clinical periodon-
tology, 1997; 24(7): 470-477. doi: 10.1111/j.1600-051X.1997.
tb00214.x

77. Fourmousis I, Tonetti MS, Mombelli A, Lehmann B, Lang 
NP, Brägger U. Evaluation of tetracycline fiber therapy with 
digital image analysis. Journal of clinical periodontology. 1998; 
25(9): 737-745. doi: 10.1111/j.1600-051X.1998.tb02515.x
 
78. Mombelli A. Microbiology and antimicrobial therapy of 
peri-implantitis. Periodontology 2000. 2002; 28(1): 177-189. 
doi: 10.1034/j.1600-0757.2002.280107.x
 
79. Zybutz MD, Laurell L, Rapoport DA, Persson GR. Treat-
ment of intrabony defects with resorbable materials, non-re-
sorbable materials and flap debridement. Journal of clinical 
periodontology, 2000; 27(3): 169-178. doi: 10.1034/j.1600-
051x.2000.027003169.x
 
80. Park YJ, Lee YM, Park SN, et al. Enhanced guid-
ed bone regeneration by controlled tetracycline re-
lease from poly (L lactide) barrier membranes. Jour-
nal of biomedical materials research. 2000; 51(3): 

http://www.ncbi.nlm.nih.gov/pubmed/25626479
http://adr.sagepub.com/content/13/1/130.long
http://onlinelibrary.wiley.com/doi/10.1034/j.1600-0501.1996.070108.x/abstract
http://www.joponline.org/doi/abs/10.1902/jop.1992.63.10.802%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://www.joponline.org/doi/abs/10.1902/jop.2000.71.1.22%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://www.joponline.org/doi/abs/10.1902/jop.2000.71.1.22%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-051X.1992.tb02534.x/abstract
http://www.joponline.org/doi/abs/10.1902/jop.1998.69.9.989%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0501.2007.01377.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0501.2007.01377.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-051X.1997.tb00214.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-051X.1997.tb00214.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-051X.1998.tb02515.x/abstract
http://onlinelibrary.wiley.com/doi/10.1034/j.1600-0757.2002.280107.x/abstract
http://onlinelibrary.wiley.com/doi/10.1034/j.1600-051x.2000.027003169.x/abstract
http://onlinelibrary.wiley.com/doi/10.1034/j.1600-051x.2000.027003169.x/abstract


                                                     Dentistry

Open Journal
http://dx.doi.org/10.17140/DOJ-2-117

Dent Open J

ISSN 2377-1623

Page 96

391-397. doi: 10.1002/1097-4636(20000905)51:3<391::AID-
JBM13>3.0.CO;2-9
 
81. Chang CY,  Yamada S. Evaluation of the regenerative effect 
of a 25% doxycycline-loaded biodegradable membrane for guid-
ed tissue regeneration. Journal of periodontology. 2000; 71(7): 
1086-1093. doi: 10.1902/jop.2000.71.7.1086
 
82. Chen YT, Hung SL, Lin LW, Chi LY, Ling LJ. Attachment 
of periodontal ligament cells to chlorhexidine-loaded guided tis-
sue regeneration membranes. Journal of periodontology. 2003; 
74(11): 1652-1659. doi: 10.1902/jop.2003.74.11.1652
 
83. Kurtis B, Unsal B, Cetiner D, et al. Effect of polylactide/
glycolide (PLGA) membranes loaded with metronidazole on 
periodontal regeneration following guided tissue regeneration 
in dogs. Journal of periodontology. 2002; 73(7): 694-700. doi: 
10.1902/jop.2002.73.7.694
 
84. Sheikh Z, Zhang YL, Grover L, Merle GE, Tamimi F, Bar-
ralet J. In vitro degradation and in vivo resorption of dicalcium 
phosphate cement based grafts. Acta biomaterialia. 2015; 26: 
338-346. doi: 10.1016/j.actbio.2015.08.031
 
85. Roos Jansåker AM, Renvert H, Lindahl C, Renvert S. Sur-
gical treatment of peri-implantitis using a bone substitute with 
or without a resorbable membrane: a prospective cohort study. 
Journal of clinical periodontology. 2007; 34(7): 625-632. doi: 
10.1111/j.1600-051X.2007.01102.x
 
86. Laurencin C, Khan Y, El-Amin SF. Bone graft substitutes. 
Expert review of medical devices. 2006; 3(1): 49-57. doi: 
10.1586/17434440.3.1.49
 
87. Giannoudis PV, Dinopoulos H, Tsiridis E. Bone substitutes: 
an update. Injury. 2005; 36(3): S20-S27.

88. Goldberg VM. Natural history of autografts and allografts. 
Bone implant grafting. 1992; 9-12. doi: 10.1007/978-1-4471-
1934-0_2
 
89. Sheikh Z, Javaid MA,  Hamdan N,  Hashmi R. Bone regen-
eration using bone morphogenetic proteins and various bioma-
terial carriers. Materials. 2015; 8(4): 1778-1816. doi: 10.3390/
ma8041778
 
90. Albrektsson T, Johansson C. Osteoinduction, osteoconduc-
tion and osseointegration. European Spine Journal. 2001; 10(2): 
S96-S101. doi:  10.1007/s005860100282
 
91. Buckwalter J, Glimcher MJ, Cooper RR, Recker R. Bone 
biology. II: formation, form, modeling, remodeling, and regula-
tion of cell function. Journal of bone and joint surgery. 1995; 
77(8): 1276-1289.

92. Linde A, Alberius P, Dahlin C, Bjurstam K, Sundin Y. Os-

teopromotion: A Soft-Tissue Exclusion Principle Using a 
Membrane for Bone Healing and Bone Neogenesis. Journal 
of periodontology, 1993. 64(11s): 1116-1128. doi: 10.1902/
jop.1993.64.11s.1116
 
93. Schwartz Z, Mellonig JT, Carnes DL Jr, et al. Ability of com-
mercial demineralized freeze-dried bone allograft to induce new 
bone formation. Journal of periodontology, 1996; 67(9): 918-
926. doi: 10.1902/jop.1996.67.9.918
 
94. Taylor TD, Agar JR. Twenty years of progress in implant 
prosthodontics. The Journal of prosthetic dentistry. 2002; 88(1): 
89-95. doi: 10.1067/mpr.2002.126818
 
95. Smith DE, Zarb GA. Criteria for success of osseointegrated 
endosseous implants. The Journal of prosthetic dentistry. 1989; 
62(5): 567-572.

96. KimYK, Park JY, Kim SG, Lee HJ. Prognosis of the im-
plants replaced after removal of failed dental implants. Oral 
Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and 
Endodontology. 2010; 110(3): 281-286. doi: 10.1016/j.tri-
pleo.2010.01.031
 
97. Al-Sabbagh M. Complications in implant dentistry. Dental 
Clinics. 2015; 59(1): 13-15.

98. El Askary AS, Meffert RM, Griffin T. Why do dental im-
plants fail? Part I. Implant dentistry. 1999; 8(2): 173-185.

99. Misch CE. Dental implant prosthetics. Elsevier Health Sci-
ences: 2014.

100. Duyck J, Naert I. Failure of oral implants: aetiology, symp-
toms and influencing factors. Clinical oral investigations. 1998; 
2(3): 102-114.

101. Polizzi G, Grunder U, Goené R, et al. Immediate and de-
layed implant placement into extraction sockets: a 5 year report. 
Clinical implant dentistry and related research. 2000; 2(2): 93-
99.

102. Bergström J, Eliasson S, Preber H. Cigarette smoking and 
periodontal bone loss. Journal of Periodontology. 1991;  62(4): 
242-246. doi: 10.1902/jop.1991.62.4.242
 
103. Norderyd O, Hugoson A, Grusovin G. Risk of severe peri-
odontal disease in a Swedish adult population. Journal of clini-
cal periodontology. 1999; 26(9): 608-615. doi: 10.1111/j.1600-
051X.1998.tb02408.x
 
104. Papapanou PN. Periodontal diseases: epidemiology. Annals 
of periodontology/the American Academy of Periodontology. 
1996; 1(1): 1-36. 

105. Gorman M, Lambert PM, Morris HF, Ochi S, Winkler S. 

http://onlinelibrary.wiley.com/doi/10.1002/1097-4636%2820000905%2951:3%253C391::AID-JBM13%253E3.0.CO%3B2-9/abstract
http://onlinelibrary.wiley.com/doi/10.1002/1097-4636%2820000905%2951:3%253C391::AID-JBM13%253E3.0.CO%3B2-9/abstract
http://www.joponline.org/doi/abs/10.1902/jop.2000.71.7.1086%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://www.joponline.org/doi/abs/10.1902/jop.2003.74.11.1652%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://www.joponline.org/doi/abs/10.1902/jop.2002.73.7.694%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://www.ncbi.nlm.nih.gov/pubmed/26300333
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-051X.2007.01102.x/abstract
http://www.tandfonline.com/doi/abs/10.1586/17434440.3.1.49%3FjournalCode%3Dierd20
http://link.springer.com/chapter/10.1007%252F978-1-4471-1934-0_2
http://link.springer.com/chapter/10.1007%252F978-1-4471-1934-0_2
http://www.mdpi.com/1996-1944/8/4/1778
http://www.mdpi.com/1996-1944/8/4/1778
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3611551/
http://www.joponline.org/doi/abs/10.1902/jop.1993.64.11s.1116%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://www.joponline.org/doi/abs/10.1902/jop.1993.64.11s.1116%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://www.joponline.org/doi/abs/10.1902/jop.1996.67.9.918%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://www.thejpd.org/article/S0022-3913%2802%2900051-3/abstract
http://www.ncbi.nlm.nih.gov/pubmed/20452257
http://www.ncbi.nlm.nih.gov/pubmed/20452257
http://www.joponline.org/doi/abs/10.1902/jop.1991.62.4.242%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-051X.1998.tb02408.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-051X.1998.tb02408.x/abstract


                                                     Dentistry

Open Journal
http://dx.doi.org/10.17140/DOJ-2-117

Dent Open J

ISSN 2377-1623

Page 97

The effect of smoking on implant survival at second-stage sur-
gery: DICRG interim report no. 5. Implant dentistry. 1994; 3(3): 
165.

106. Khoury F, Buchmann R. Surgical therapy of peri-implant 
disease: a 3-year follow-up study of cases treated with 3 differ-
ent techniques of bone regeneration. Journal of periodontology. 
2001; 72(11): 1498-1508. doi: 10.1902/jop.2001.72.11.1498
 
107. Charalampakis G, Rabe P, Leonhardt A, Dahlén G. A fol-
lowup study of peri-implantitis cases after treatment. Jour-
nal of clinical periodontology. 2011; 38(9): 864-871. doi: 
10.1111/j.1600-051X.2011.01759.x 

http://www.joponline.org/doi/abs/10.1902/jop.2001.72.11.1498%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://www.ncbi.nlm.nih.gov/pubmed/21770994


                                                     Dentistry

Open Journal
http://dx.doi.org/10.17140/DOJ-2-118

Dent Open J

ISSN 2377-1623

Accelerating Orthodontic Treatment: A 
Continuous Challenge

Ahmed M. F. El-Angbawi*

Barts and The Royal London Dental Hospital, Queen Mary University, William Harvey Hospital, 
East Kent University Hospitals, 4 Newark Street London E1 2AT, England, UK

*Corresponding author 
Ahmed M. F. El-Angbawi, BDS, MSc, 
PhD, MOrth (RCS Ed), FHEA 
Barts and The Royal London 
Dental Hospital 
Queen Mary University 
William Harvey Hospital 
East Kent University Hospitals 
4 Newark Street London E1 2AT 
England, UK 
E-mail: aelangbawi@outlook.com

Article History
Received: September 15th, 2015 
Accepted: October 6th, 2015  
Published: October 7th, 2015

Citation
El-Angbawi AMF. Accelerating orth-
odontic treatment: a continuous chal-
lenge. Dent Open J. 2015; 2(3): 98-
99. doi: 10.17140/DOJ-2-118

Copyright
© 2015 El-Angbawi AMF. This is 
an open access article distributed 
under the Creative Commons At-
tribution License, which permits 
unrestricted use, distribution, and 
reproduction in any medium, pro-
vided the original work is properly 
cited.

Volume 2 : Issue 3
Article Ref. #: 1000DOJ2118

Opinion

Page 98

 Every clinician will always aim for providing effective treatment, this can be accom-
plished by delivering the planned treatment goals over the shortest time possible, with minimal 
biological side effects and high levels of patient satisfaction. Unlike most of the dental speciali-
ties, orthodontic treatment tends to take relatively longer duration; this can range from as short 
as a several months to as long as several years (representative average 24 months).1 This can 
be explained by the conservative nature of orthodontic treatment that mainly depends on the 
dento-alveolar response to gentle orthodontic forces. 

	 It	is	not	surprising	that	patient	satisfaction	with	fixed	orthodontic	treatment	outcome	
is generally high.2 However, according to an interesting survey, the majority of orthodontic 
patients expressed that their duration of treatment was considered too long and that they wish 
if the duration of orthodontic treatment could be less than 12 months i.e. reduced to half.3 

Nowadays,	there	seem	to	be	voices	in	the	dental	field	claiming	this	is	achievable.	One	must	be	
wondering if this is true? 

	 Let	us	first	agree	that	this	unresolved	challenge	is	not	new.	Since	Edward	Angle	in-
troduced	the	edgewise	fixed	orthodontic	in	the	early	1900’s	and	hundreds	of	studies	were	con-
ducted	to	identify	factors	influencing	the	duration	of	orthodontic	treatment.	Interestingly,	most	
studies agreed that these factors can be categorised into: patient-related and treatment-related 
factors.4

	 As	it	was	assumed	that	the	patient-related	factors	are	difficult	to	change,	it	was	not	a	
surprise to know that the main focus during the last few decades was to develop the mechan-
ics	around	the	fixed	orthodontic	appliance	system.	This	included	advanced	technologies	in	the	
archwires (e.g. Nickel titanium), bracket design (e.g. self-ligation) and force application (e.g. 
elastomerics	and	NiTi	coils).	Although,	these	advances	might	have	been	useful	in	different	as-
pects,	none	were	found	to	significantly	shorten	the	duration	of	orthodontic	treatment.3 This had 
confirmed	to	the	clinician	that	there	is	no	such	thing	called	“fast	brace	systems”.	

	 It	 then	became	obvious	that	new	approaches	had	to	be	considered.	Approaches	that	
are	mainly	focused	on	influencing	patient	response	to	orthodontic	forces	leading	to	accelerated	
tooth movement. This includes surgical and non-surgical interventions.

	 Adjunctive	 surgical	 interventions	 geared	 towards	 reducing	 orthodontic	 treatment	
times	 have	 been	 collectively	 described	 as	 ’surgically	 assisted	 orthodontics’.	These	methods	
are	based	on	the	principle	of	initiating	inflammation	after	the	bone	is	irritated	surgically.	This	
usually leads to increased rate of bone remodelling and in turn accelerates tooth movement. 
Although	there	is	some	evidence	from	several	studies	that	these	interventions	can	accelerate	
tooth movement, the results should be considered with caition.5 This is mainly because the 
effect of the intervention was evaluated for few months (e.g. space closure stage) and not the 
whole	duration	of	treatment;	which	may	question	the	clinical	significance	of	the	intervention.6 

It is also worth mentioning that the effect of the surgical intervention was found to decay after 
few months.7 This may suggest that repeated surgical intervention may be required through the 
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treatment; which in turn may affect the popularity of the intervention among patients who already prefer non-invasive orthodontics.3 

Recently, less invasive surgical methods were proposed e.g. piezosurgery and microosteoperforation. 

 Non-surgical mechanical or physical stimulation of the dento-alveolar process has also been used in conjunction with 
conventional braces to increase the speed of alveolar bone remodelling. These non-surgical adjunctive interventions include Pho-
tobiostimulation (e.g. lasers), cyclic vibration and direct electric current. The popularity of these interventions has grown in the 
orthodontic	field	due	to	their	non-invasive	nature	and	the	influence	from	marketing	companies.	Interestingly,	some	of	these	compa-
nies promote devices by claiming that they can reduce the orthodontic treatment time to half. However, currently there is no sound 
evidence to support these claims.1 There	are	currently	several	ongoing	research	projects	in	this	field	and	hopefully	the	future	will	tell	
us more about these interventions. 

 Unfortunately, accelerating orthodontic treatment is still an ongoing challenge. The evidence available regarding the ad-
junctive	interventions	is	not	supportive,	but	can	be	promising.	Obviously,	there	is	a	rapid	increase	in	the	research	around	the	non-
invasive adjunctive interventions. It is important to remember that effective orthodontic treatment is not solely about the duration. I 
trust that patients expectations will continue to drive proper research for the continuous development of our speciality. 
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