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Welcome Message

Dear colleagues, 

For the last twenty years, the Balkan Journal of Stomatology (now the Balkan 
Journal of Dental Medicine) has succeeded in spreading and encouraging scientific 
thinking among dentists in the Balkans. The Balkan Stomatological Society lies 
on strong foundations built with the professional cooperation and communication 
among peers, while the Balkan Journal of Dental Medicine in its written form bears 
testimony to the persistence, development and evolution of the scientific thinking in 
this region.

The aim of The Balkan Journal of Dental Medicine is to continue the tradition of the Balkan Journal 
of Stomatology by promoting dentists’ efforts aimed at professional development and research throughout the 
region. In addition, the Journal seeks to introduce the world’s latest findings and achievements in dentistry to 
the Balkan region.  So as to accomplish our mission, I am sure we will enjoy a great support from numerous 
eminent lecturers from the BaSS Congress and the assistance of the distinguished Editorial Board members, 
whose reputation and work guarantee high quality and respect.

It is our ongoing mission to advance dental medicine and promote science by publishing high-quality 
papers relevant to everyday dental practice. The previous XIX volumes, numerous authors who have published 
their work in them and the bright future we strive for compel us to regard the Evidence-based Dentistry as both 
our goal and responsibility. 

To move with the times, we have joined the large community of open access journals, upgraded the 
design and prepared an online edition. Thus, we have provided scientists and professionals with an easy access 
to scientific papers as well as with the opportunity to contribute to creating the new future of the Journal.

We are going to pay a special attention to young researchers, since we are eager to support their efforts 
in making the first steps in the world of scientific publications so that they can become the great future of 
dentistry.

Science has no borders and it spreads across nations with an intention to broaden one’s horizons, assisting 
one’s need for success and arousing one’s curiosity. With its positive energy, scientific thinking occupies human 
mind purging it from everyday worries and leading it towards the light. This is why it is essential for ideas and 
achievements to be written down in order that they can become one’s incentive and challenge while being a 
part of the collective memory rather than a mere recollection or some unfulfilled plans of an individual.

Prof. Dejan Markovic, D.D.S., M.S., PhD.

Editor-in-Chief



SUMARRY
Infective endocarditis (IE), an infection of the endocardium that usually 

involves the valves and adjacent structures, may be caused by a wide variety 
of bacteria and fungi that entered the bloodstream and settled in the heart 
lining, a heart valve or a blood vessel. The IE is uncommon, but people 
with some heart conditions have a greater risk of developing it.  Despite 
advances in medical, surgical, and critical care interventions, the IE remains 
a disease that is associated with considerable morbidity and mortality. 
Hence, in order to minimize the risk of adverse outcome and achieve a yet 
better management of complications, it is crucial to increase the awareness 
of all the prophylactic measures of the IE.

For the past 50 years, the guidelines for the IE prophylaxis have been 
under constant changes. The purpose of this paper is to review current 
dental and medical literature considering the IE prophylaxis, including the 
new and updated guidelines from the American Heart Association (AHA, 
2007 and 2015), the National Institute for Health and Clinical Excellence 
(NICE, 2015), the European Society of Cardiology (ESC, 2009 and 2015) 
and the British Society for Antimicrobial Chemotherapy (BSAC, 2006).
Keywords: Infective Endocarditis; Antibiotic Prophylaxis; Bacteraemia; Oral Hygiene
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Introduction

Dental practitioners, especially those working in 
hospitals, are often faced to provide dental care/treatment 
to patients with permanent or temporary underlying heart 
problems. Numerous medical procedures predispose 
these patients to bacteraemia-induced infections, such as 
infective endocarditis (IE). The IE is an uncommon but 
yet life-threatening infection.

Despite advances in diagnosis, antimicrobial 
therapy and surgical techniques, patients with the IE 
still have substantial morbidity and mortality related 
to this condition. Therefore, the increased awareness 
of all the prophylactic measures needed to minimize 
the risk of the adverse outcome, as well as management 
of complications, is required. The guidelines for the IE 
prophylaxis have been in a process of evaluation for more 
than 50 years. 

This paper reviews current dental and medical 
literature considering the IE, including the new and 

updated guidelines from: the American Heart Association 
(AHA, 20071 and 20152,3), the National Institute for 
Health and Clinical Excellence (NICE, 2015)4, the 
European Society of Cardiology (ESC, 20095 and 20156), 
and the British Society for Antimicrobial Chemotherapy 
(BSAC, 2006)7.

Definition of IE

IE is defined as an inflammation of the inner tissue 
of the heart (endocardium), which may include 1 or 
more heart valves, the mural endocardium or a septal 
defect, caused by infectious agents. However, in clinical 
practice, the definition extends to include infections on 
the arterio-venous shunts, arterio-arterial shunts and 
aortic coarctation, as the clinical presentation is often 
indistinguishable11,12. Fungi, chlamydia, rickettsia, etc. 
can cause this infection; however, the most common 

10.1515/bjdm-2016-0001
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The predilection site of IE is rough part of the valves 
due to high impact pressures following the closure of 
the leaflets. Also, the turbulent blood flow produced by 
the congenital or acquired heart diseases traumatizes the 
endothelium inducing apoptosis of the valve cells and 
leading to the tissue remodelling1,3,11,13,17. This creates 
a predisposition for the deposition of platelets and fibrin 
on the surface of the endothelium, which results in the 
nonbacterial thrombotic endocarditis (NBTE). Invasion 
of the bloodstream with microbial species that have the 
pathogenic potential to colonize this site can then result in 
the IE1,3,11. Mucosal surfaces in the mouth are populated 
by a dense endogenous microflora. Trauma to a mucosal 
surface, particularly the gingival crevice around teeth, 
oropharynx, gastrointestinal (GI) tract, urethra or vagina, 
transiently releases many different microbial species into 
the bloodstream. Transient bacteraemia caused by viridans 
group of Streptococci and other oral microflora, occurs 
commonly in association with dental extractions or other 
dental procedures or with routine daily activities. Although 
controversial, the frequency and intensity of the resulting 
bacteraemia is believed to be related to the nature and 
severity of the tissue trauma, the density of the microbial 
flora and the degree of inflammation or infection at the site 
of the trauma. Microorganisms adherent to the vegetation 
stimulate further deposition of the fibrin and platelets 
on its surface10. Within this secluded focus, the buried 
microorganisms multiply as rapidly as do bacteria in broth 
cultures to reach maximal microbial densities of 102 to 1016 
colony-forming units per gram of vegetation within a short 
time on the left of the heart, apparently uninhibited by host 
defences in left sided lesions. Right-sided vegetation has 
lower bacterial density, which may be the consequence 
of host defence mechanisms active at this site, such as 
polymorphonuclear activity or platelet derived antibacterial 
proteins. The lack of blood supply to the valves and the 
blunted host immune system also have implications on 
the treatment, since drugs also have difficulty reaching 
the infected valve. The entry of microorganisms into the 
circulatory system leads to bacteraemia and ultimately 
converts the NBTE into the IE (Tab. 1)1,10,11,13, 21.

Table 1. Infective endocarditis: pathophysiology

causes of this disease are bacteria, and this phenomenon 
is therefore also called bacterial endocarditits13. The 
IE can occur following the bacteraemia (bacteria in the 
bloodstream), not only on the congenital or the acquired 
structural cardiac abnormalities, but also on the normal, 
previously healthy valves. 

Epidemiology of IE

IE is a rare condition with significant morbidity 
and mortality if left untreated1,2. Nowadays, it is 
characterized as the third or fourth most common life-
threatening infection syndrome, after sepsis, pneumonia 
and intra-abdominal abscess2. In industrialized countries, 
the annual incidence of IE is 3 to 7 cases per 100,000 
persons2. The male to female ratio is over 2:114. There is 
an increased incidence of IE in persons 65 years of age 
and older, which is probably because people in this age 
group have a larger number of risk factors for IE13,15. In 
recent years, over one third of the IE cases in the United 
States were healthcare-associated (invasive procedures 
and hospital infections). Another trend observed in 
industrialized countries is that chronic rheumatic heart 
disease accounts for <10% of the cases. So, even though 
the IE was previously associated with poor oral hygiene 
and rheumatic heart disease, many factors have altered 
its epidemiology, but have maintained its incidence: an 
aging population with the degenerative valvular disease, 
the injection drug use, increasing number of the valve 
replacements and medical interventions, i.e. the invasive 
vascular procedures16-18. Predominantly, it tends to 
develop on cardiac valves previously damaged, the mitral 
valve being the most frequent location, followed by 
the aortic and in rare occasions the pulmonary valve18. 
Although a history of valve disease has a significant 
association with the IE, 50% of all cases develop in 
people with no known history of the valvular disease. 
It is rare amongst the younger population with the 
exception of intravenous drug users. Among people who 
do not use intravenous drugs and have a fever in the 
emergency room, there is a less than 5% chance of occult 
endocarditis19,20. Among people who do use intravenous 
drugs and have a fever in the emergency room, there is 
about a 10% to 15% prevalence of the endocarditis19,20.

Pathophysiology

Several conditions must be met in order to develop 
the IE. According to the injury-thrombus infection 
theory, the trigger event is the endocardium damage. 
Endothelial injury is the most plausible factor leading to 
the platelet deposition. Injury develops as a result of the 
hemodynamic and mechanical stress to the endocardium. 
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Table 2. The most common microbial species in IE cases

Frequencies and associations Microbial species

30-65% of all cases of the IE Streptococci viridans

30-40% of all cases of the IE Staphylococci

2-16% of all cases of the IE
Anaerobic bacteria, 
i.e. Actinobacillus 
actinomycetemcomitans

PVE Coagulase negative 
staphylococci

Subacute form of the IE Enterococcus spp

Intravenous drug users (IVDU) Fungi, Staphyloccus aureus

Long vegetations Fungi, H. parainfluenzae

Fungal IE Candida, Aspergillus

Signs and Symptoms

The clinical history of the IE is highly variable, 
depending on causative microorganism, the presence 
or the absence of pre-existing cardiac disease, the 
immunological status of the host and the mode of 
presentation. Thus, the IE should be suspected in a variety 
of different clinical situations, from a fulminant and acute 
attack to a chronic evolution11.

Acute IE presentations are usually characterized by a 
toxic, unwell patient with high fevers and rigors in 80% 
to 95% of the cases14. Subacute or chronic presentations 
often occur weeks or months after the initial infection, and 
can be associated with a low-grade fever, night sweats, 
weight loss and anaemia (normochromic normocytic)11. 
Patients may therefore consult a variety of specialists who 
may consider a range of alternative diagnoses including 
chronic infections, rheumatic and autoimmune disease, or 
even malignancy. The early involvement of a cardiologist 
and an infectious disease specialist to the list of therapists 
is highly recommended1,23,25. Light pigmentation of 
the skin, the joints’ pain or hepatosplenomegaly are 
typical; however, the main effect of endocarditis is the 
heart damage (valve destruction and heart failure)18. The 
progressive sign of the disability is related to changing 
murmurs showing the heart damage, the infection or 
embolic damage of various organs, especially of the 
kidneys. The liberation of emboli may have general 
effects from a loss of the peripheral pulse to the sudden 
death due to a stroke. Other associated symptoms and 
signs may include lethargy, anorexia, vague abdominal 
or flank pain, confusion, arthralgia, myalgia and finger 
clubbing (Tab. 3).

Microorganisms

The number of microbial species entering circulation 
depends on the unique endogenous microflora that 
colonizes the particular traumatized site. The most common 
microorganisms that cause the IE include: Streptococci, 
Staphylococci, Enterococci, HACEK organisms 
(Hemophilus parainfluenzae, Hemophilus aphrophilus, 
Actinobacillus actinomycetemcomitans, Cardiobacterium 
hominis, Eikenella species and Kingella species) and 
fungi, with Streptococci keeping the first position1,14,18,22. 
Streptococci of viridans group are the part of the normal 
skin, oral, respiratory and GI tract flora and they are cause 
of 30-65% of the IE12,14. Approximately 30% of the flora 
of the gingival crevice is represented by Streptococci, 
predominantly of the viridans group1-3. In healthy mouths, a 
thin surface of the mucosal epithelium separates potentially 
pathogenic bacteria from entering the bloodstream 
and lymphatic system. Anaerobic microorganisms are 
commonly responsible for the periodontal disease and 
frequently enter the bloodstream but rarely cause the IE and 
account 2-16% of all the cases1. Streptococci of viridans 
group are antagonistic to the periodontal pathogens and 
predominate in a clean, healthy mouth. Staphylococci 
are responsible for 30-40% of the cases of IE16, with 
Staphylococcus aureus more often associated with the 
native valve IE than prosthetic valve endocarditis (PVE), 
whereas coagulase negative Staphylococci are more 
commonly seen in the PVE1,11,13,24. On the other hand, 
the latest AHA guidelines (2015) state that S. aureus is 
now the most common microorganism that causes the IE2. 
Furthermore, Enterococcus spp. usually leads to subacute 
form of the IE. 

Candida and Aspergillus species cause the majority 
of the fungal IE. Intravenous drug abusers, prosthetic-
valve recipients, and patients with long-term central 
venous catheters are at highest risk for the fungal IE.

The ability of various microbial species to adhere to 
the specific sites determines the anatomical localization 
of infection caused by these microorganisms (Tab. 2). 
Mediators of the bacterial adherence serve as virulence 
factors in the pathogenesis of IE. Some Streptococci of 
the viridans group contain a fimbrial adhesion protein 
(FimA), which is a lipoprotein receptor antigen I, which 
serves as a major adhesive to the fibrin platelet matrix of 
NBTE1. Staphylococcal adhesive functions in at least two 
ways. In one, microbial surface components recognizing 
the adhesive matrix molecules facilitate the attachment of 
Staphylococci to the human extracellular matrix proteins 
and to the medical devices, which become coated with the 
matrix proteins after implantation1. On the other hand, the 
bacterial extracellular structures contribute to formation of 
biofilm, localized on the surface of the implanted medical 
devices.1
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 ● Petechiae of palpebral conjunctiva, buccal and 
palatal mucosa, and extremities;

 ● Osler’s nodes (tender, subcutaneous nodules seen in 
the pulps of the digits);

 ● Janeway lesions (non-tender, erythematous or 
haemorrhagic macular lesions seen on the palms and soles);

 ● Splinter haemorrhages in the fingernails or toenails; 
petechiae on the conjunctivae and buccal mucosa;

 ● Focal glomerulonephritis and splenic infarcts;
 ● Mycotic aneurysms and occlusion involving any 

vessel, commonly seen in the cerebral arteries, 
abdominal aorta, coronary arteries, gastrointestinal 
arteries, limb arteries and renal arterioles;

 ● Retinal infarcts (Roth’s spots), causing an oval-
shaped haemorrhage with a pale centre;

 ● Neurological involvement in 30–40% of patients with 
the IE, the majority of which are embolic strokes, with 
intracranial haemorrhages occurring in 5%;

 ● Congestive cardiac failure as a result of the valve 
destruction or rupture of a chorda and, rarely intra-
cardiac fistulae, myocarditis or coronary artery 
embolism;

 ● Peri-valvular extension beyond the valve ring either 
in the native or prosthetic valve IE, giving rise to 
the para-valvular regurgitation, valve dehiscence, 
septal and myocardial abscesses, fistulous tracts, 
pericarditis and conduction disturbances such as the 
first degree AV block;

 ● A change in the quality of the audible prosthetic 
clicks can reflect the valve obstruction by the 
vegetation overgrowth.

Table 3. Signs and symptoms per organic system

Organic system Symptoms

Non-specific/general 
symptoms

Fever, rigors, weight loss, night 
sweats, anorexia

Skin Light pigmentation of the skin, 
Janeway lesions, Osler’s nodes, 
petechiae on the conjunctivae and 
buccal mucosa

Circulatory Anaemia, murmurs, valve obstruction, 
para-valvular regurgitation, 
pericarditis, coronary artery 
embolism, mycotic aneurysms, 
vasculitis, heart failure

Eye Roth spots

Neurological system Embolic strokes, intracranial 
haemorrhages, lethargy, confusion

GI tract Abdominal pain

Musculoskeletal 
system

Arthralgia, myalgia, finger clubbing, 
myocarditis

Lymphatic system Splenic infarcts

GU tract Glomerulonephritis

Peripheral manifestations as a result of an im  muno-
logically mediated vasculitis or septic embolization can give 
rise to1,6,11,12: 

Table 4. Major (blood culture and echocardiographic) criteria and minor criteria27

Major blood culture criteria Major echocardiographic criteria Minor criteria

2 blood cultures positive for organisms 
typically found in patients with the IE

Echocardiogram positive for the IE, documented by 
an oscillating intra-cardiac mass on a valve or on the 
supporting structures, or on the implanted material in 
the absence of an alternative anatomical explanation

Predisposing heart condition

Blood cultures persistently positive for 
1 of the above organisms, from cultures 
drawn more than 12 hours apart

Myocardial abscess Fever

3 or more separate blood cultures drawn 
at least 1 hour apart

Development of the partial dehiscence of a prosthetic 
valve Temperature > 38º

Single positive blood culture for Coxiella 
burnetii or anti–phase 1 IgG antibody titre 
≥ 1:800

New-onset of the valvular regurgitation Vascular phenomena or 
immunologic phenomena

Microbiological evidence that 
does not meet a major criteria

Liberation of emboli may have general effects from 
a loss of the peripheral pulse to sudden death due to a 
stroke. About 35% of patients may develop the central 
nervous system effects such as transient ischemic attacks, 
stroke, toxic encephalopathy, and brain abscess26. Renal 

embolization may lead to the haematuria, while splenic 
emboli may cause the left upper quadrant pain. Septic 
pulmonary embolization of the right-sided valvular IE 
(frequently seen in IVDU-related IE) can give rise to a 
shortness of breath, haemoptysis, pleuritic chest pain 
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dose required to cause the IE in humans is unknown, 
the number of microorganisms in blood associated with 
dental procedures or daily activities is low. Additionally, 
the vast majority of patients with viridians Streptococci 
IE have not had a dental procedure within 2 weeks before 
the onset of symptoms of the IE4,38,39,40. The role of the 
duration of bacteraemia on the risk of acquiring the IE is 
uncertain1,28. It seems logical to assume that the longer the 
duration of bacteraemia, the greater the risk of the IE, but 
no published studies support this assumption. There may 
not be a clinically significant difference in the frequency, 
the nature, the magnitude and the duration of bacteraemia 
associated with a dental procedure compared with that 
resulting from the routine daily activities1,22. Accordingly, 
it is inconsistent to recommend prophylaxis of the IE for 
dental procedures but not for the routine daily activities. 
Such recommendation would be impractical and 
unwarranted1,6.

IE and Oral Hygiene 

It is assumed that a relationship between poor oral 
hygiene and the extent of dental and periodontal disease, 
the type of dental procedure; and the frequency, the 
nature, the magnitude and duration of bacteraemia exists, 
but the presumed relationship is controversial1,6,22,23,32,33. 
Nevertheless, the available evidence supports an emphasis 
on maintaining good oral hygiene and eradicating dental 
disease to decrease the frequency of bacteraemia from 
the routine daily activities, such as chewing food, tooth 
brushing or flossing1,25,41. In patients with poor oral 
hygiene, the frequency of positive blood cultures just 
before the tooth extraction may be similar to those after 
the extraction28,41. In patients with dental disease, the 
focus on the frequency of bacteraemia associated with a 
specific dental procedure and the AHA guidelines for 
prevention of the IE have resulted in an under-emphasis 
on the antibiotic prophylaxis and an over-emphasis on 
the maintenance of good oral hygiene and the access 
of the routine dental care, which are likely more 
important in reducing the lifetime risk of the IE than is 
the administration of antibiotic prophylaxis for a dental 
procedure1,2,3,6,25,41,42; especially in patients with the 
underlying cardiac conditions associated with the highest 
risk of the adverse outcome of the IE. 

It is mandatory that clinical examination, focused 
on the periodontal inflammation and caries, has been 
conducted in risk patients, as well as the full series of 
intraoral radiographs.  There are 4 measures for the 
entire dental diseases prevention: (1) good oral hygiene 
for bacterial plaque removal; (2) dietary measures 
(elimination of sugar and carbohydrates); (3) the routine 
follow up and; (4) a daily use of toothpaste with high 
fluoride concentration2.

and pulmonary abscesses. Nowadays, due to widespread 
use of antibiotics, the incidence of classic presentation of 
the peripheral lesions are reduced substantially. Some of 
the peripheral manifestations are developed as a result of 
immunological activities, while the others are the result of 
the embolization. 

Diagnosis of the IE is straightforward in those 
patients with classic manifestations: bacteraemia or 
fungemia, the evidence of active valvulitis, peripheral 
emboli, and immunologic vascular phenomena11. In other 
patients however the classic peripheral stigmata may be 
few or absent. All this imposes the necessity for highly 
sensitive diagnostic algorithm that will be both sensitive 
for disease detection and specific for its exclusion across 
all the forms of the disease26. The IE diagnostic criteria, 
cited as Duke criteria, have been validated by many other 
studies2,3,16, comprise: 

Diagnosis of reliable IE -  Pathological criteria 
(microorganisms demonstrated by the culture or 
histological examination of a vegetation, a vegetation that 
has embolized, or an intra-cardiac abscess specimen) - 
Clinical criteria (2 major criteria; or 1 major criterion and 
3 minor criteria; or 5 minor criteria); 

Diagnosis of possible IE -  1 major and 1 minor 
criterion or 3 minor criteria (Tab. 4).

Dental Procedures Causing 
Bacteraemia

The large majority of published studies have focused 
on dental procedures as a cause of the IE and the use of 
prophylactic antibiotics to prevent the IE in risk patients. 
Transient bacteraemia is common with manipulation of 
teeth and periodontal tissues, and there is a wide variation 
in reported frequencies of the bacteraemia in patients 
resulting from dental procedures: tooth extraction (10-
100%), periodontal surgery (36-88%), scaling and root 
planing (8-80%), teeth cleaning (up to 40%), rubber 
dam matrix/wedge placement (9-32%) and endodontic 
procedures (up to 20%)1,28,29,30,31. Transient bacteraemia 
also occurs during the routine daily activities unrelated 
to a dental procedure: tooth brushing and flossing (20-
68%), use of wooden toothpicks (20-40%), use of water 
irrigation devices (7-50%) and chewing food (7-51%)1

,28,30,32,33,34,35,36,37. Considering that the average person 
living in the United States has fewer than 2 dental visits 
per year, the frequency of bacteraemia from routine daily 
activities is far greater30. The magnitude of bacteraemia 
resulting from a dental procedure is relatively low (< 
104 CFUs of bacteria per millilitre), similar to that 
resulting from routine daily activities, and is less than 
the one found in experimental animals’ models (106-
108 CFUs of bacteria/mL)1,22,29. Although the infective 
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implants and intraligamentary anesthesia1,6,13,45,46,47,48,49. 
On the contrary, antibiotic prophylaxis does not include 
routine anaesthetic injections through non-infected 
tissue, taking dental radiographs, placement of removable 
prosthodontic or orthodontic appliances, placement of 
orthodontic brackets or the adjustment of orthodontic 
appliances1,13,48,49. Finally, there are other events that are 
not dental procedures and for which prophylaxis is not 
recommended, such as shedding of the primary teeth and 
trauma of the lips and the oral mucosa1,13,45,46. 

Table 5. Cardiac conditions associated with the highest risk of 
the adverse outcome of the IE

1. Prosthetic cardiac valve or prosthetic material used for 
cardiac valve repair

2. Previous infective endocarditis

3. Congenital heart disease (CHD)
A. Unrepaired Cyanotic CHD including palliative shunts 

and conduits 
B. Completely repaired congenital heart defect with 

prosthetic material or device, whether placed by surgery 
or by catheter intervention, during the first 6 months 
after the procedure

C. Repaired CHD with residual defects at the site or 
adjacent to the site of a prosthetic patch or a prosthetic 
device (which inhibit endothelialization)

4. Cardiac transplantation recipients who develop cardiac 
valvulopathy 

Antibiotic Prophylaxis

Antibiotic prophylaxis is often administered to dental 
patients for prevention of harmful consequences of the 
bacteraemia, which may be caused by invasion of the oral 
microorganisms into an injured gingival or peri-apical 
vessel during the dental treatment. The administration of 
antibiotics for more than 12-24 hours is not considered as 
prophylaxis, but as antibiotic treatment8. 

Indications for Antibiotic Prophylaxis
No published data demonstrate convincingly that 

the administration of prophylactic antibiotics prevents 
the IE associated with bacteraemia from an invasive 
procedure42,43,44. However, the last AHA guidelines 
recommend that if the prophylaxis is effective, such 
therapy should be restricted to those patients with the 
highest risk of the adverse outcome of the IE who 
would derive the greatest benefit of prevention of the 
IE1. In patients with the underlying cardiac conditions 
associated with the highest risk of the adverse outcome of 
the IE (Tab. 5), the IE prophylaxis for dental procedures 
is reasonable, even though we acknowledge that its 
effectiveness is unknown1,32,45,46. If patients mentioned 
above undergo any dental procedure that involve 
manipulation of gingival tissue or periapical region of 
the teeth and for those procedures that perforate the oral 
mucosa, such as biopsies, suture removal and placement 
of the orthodontic bands, single or multiple tooth 
extraction, scaling (with expecting bleeding), curettage, 
periodontal surgery, apicoectomy, placement of the dental 

Table 6. Antibiotic prophylaxis for dental procedures (BSAC, 2006)

Situation Agent
Age

Dose timing 
>10 years <5 years ≥5, <10 years

Oral Amoxicillin 3 g po 750 mg po 1,5 g 1h

Intravenous regimen expedient
Amoxicillin 1g IV 250mg IV 500mg IV

Just before the procedure 
or at induction of 

anaesthesia

Intravenous regimen expedient and 
allergic to penicillin Clindamycin 300 mg IV* 75 mg IV* 150 mg IV*

Just before the procedure 
or at induction of 

anaesthesia

Allergic to penicillins or ampicillin 
(oral) Clindamycin 600 mg po 150 mg po 300 mg po 1h

Allergic to penicillins or ampicillin 
and unable to take oral medication Azithromycin 500 mg po 200 mg po 300 mg po 1h

IV: intravenously
*Given over at least 10 min
When a course of treatment involves several visits, the antibiotic regimen should alternate between amoxicillin and clindamycin.
Pre-operative mouth rinse with chlorhexidine gluconate 0.2% (10ml for 1min)



Balk J Dent Med, Vol 20, 2016 Infective Endocarditis Prophylaxis  11

Table 7. Regimens for a dental procedure (AHA, 2007)

Situation Agent
Regimen: single dose 30-60 minutes before procedure

Adults Children

Oral Amoxicillin 2 g 50 mg/kg

Unable to take oral medication
Ampicillin 
or
Cefazolin/Ceftriaxone

2 g IV or IM

1 g IV or IM

50 mg/kg IV or IM

50 mg/kg IV or IM

Allergic to penicillin or ampicillin 
(oral)

Cephalexin*,**
or
Clindamycin
or
Azithromycin/Clarithromycin

2 g

600 mg

500 mg

50 mg/kg

20 mg/kg

15 mg/kg

Allergic to penicillin or ampicillin 
and unable to take oral medication

Cefazolin/Ceftriaxone**
or
Clindamycin

1g IV or IM

600 mg IV or IM

50 mg/kg IV or IM

20 mg/kg IV or IM

IV: intravenously; IM: intramuscularly
* or other first-or second-generation oral cephalosporin in equivalent adult or paediatric dosage
** Cephalosporins should not be used in a person with a history of anaphylaxis, angioedema, or urticaria after receiving penicillin 
or ampicillin 

In the UK, NICE (2015) has published guidelines stating 
that prophylaxis is not required, not only for dental 
procedures but also for the GI and genitourinary (GU) 
tract procedures, except where there is an evidence of 
active infection4. The Working Party of BSAC’s (2006)7 
guidelines are almost similar to those of AHA (2007, 
2015, 2015)1-3 and ESC (2009)5, but different in the 
proposed regiments (Tabs 6 and 7). Compared with the 
previous guidelines, under these revised guidelines, 
fewer patients would be candidates to receive the IE 
prophylaxis6. Additionally, restricting prophylaxis to 
only those patients with the highest risk of the adverse 
outcome should reduce the uncertainties among 
patients and providers about who should receive the 
prophylaxis1,42,43. Finally, we should keep in mind that 
administration of the prophylactic antibiotics is not the 
risk-free6,43. The widespread use of the antibiotic therapy 
promotes the resistant microorganisms most likely to 
cause endocarditis, such as Streptococci and Enterococci. 
The frequency of multidrug-resistant Streptococci of 
viridans group and Enterococci has increased dramatically 
during the past 2 decades.13,43,50 This increased resistance 
has reduced the efficacy and number of the antibiotics 
available for the treatment of the IE13,22. Apart from this 
severe global development, at the individual level, the 
treatment with antibiotics correlates with the drug-related 
adverse reactions, such as diarrhoea or allergic reactions. 
Especially, if antibiotics are not indicated, these reactions 
outweigh any benefit of the prophylaxis6,9,18,22,51.

Antibiotic Regimens
An antibiotic for the prophylaxis should be 

administered in a single dose before the procedure. If 
the dosage of the antibiotic has not been administered 
before the procedure, the dosage may be administered up 
to 2 hours after the procedure. However, administration 
of the dosage after the procedure should be considered 
only when the patient did not receive the pre-procedural 
dose. Some patients who are scheduled for an invasive 
procedure may have a coincidental endocarditis. The 
presence of fever or other manifestations of the systemic 
infection should be alert of the possible presence of IE. 
In these circumstances, it is important to obtain blood 
cultures and other relevant tests before the administration 
of the antibiotics intended to prevent the IE1,2,50. Failure to 
do so may result in the delay of the diagnosis or treatment 
of a concomitant case of the IE. 

Amoxicillin is the preferred choice for the 
oral therapy because it is well-absorbed in the 
GI tract and provides high and sustained serum 
concentrations1,2,6,7,22,50. For patients who are 
allergic to penicillin or amoxicillin, the use of 
clindamycin, azithromycin or clarithromycin is 
recommended1,2,6,7,22,42,50. No data show superiority of 
one oral cephalosporin over another for prevention of the 
IE, and the generic cephalexin is widely available and is 
relatively inexpensive44. Because of the possible cross-
reactions, a cephalosporin should not be administered 
to patients with a history of anaphylaxis, angioedema or 
urticaria after the treatment with any form of penicillin, 
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slice computed tomography) that also allow the diagnosis 
of embolic events. Successful treatment of the IE relies 
on microbial eradication by the antimicrobial drugs. 
Surgery contributes by removing the infected material. 
The bactericidal regimens are more effective than the 
bacteriostatic therapy.

The IE still remains a threat for the patients with 
the heart problems. The critical question is how much 
dental practice is involved in the onset of this infection. 
Probably, dental procedures (scaling, endodontic 
treatment or simple tooth extractions) are not the causing 
factors for the disease, unless there is an established 
valve condition or a history of an infectious episode of 
endocarditis in the past. The American Heart Association 
guidelines for the prevention of the bacterial endocarditis 
in patients with valvular heart disease now only include 
antibiotic prophylaxis for the patients at the highest risk. 
Patients with the highest risk of the IE can be placed in 
4 categories: (1) patients with a prosthetic valve or with 
prosthetic material used for cardiac valve repair, (2) 
patients with previous episodes of the IE, (3) patients 
with untreated cyanotic congenital heart disease and (4) 
the cardiac transplant recipients who develop a cardiac 
valvulopathy (although not recommended by ESC Task 
Force). The recent guidelines propose limiting antibiotic 
prophylaxis to patients at high-risk of the IE undergoing 
the highest-risk dental procedures, which are procedures 
requiring manipulation of the gingival or the periapical 
region of the teeth or perforation of oral mucosa. 
Antibiotic prophylaxis is not recommended for patients 
at the intermediate risk of the IE. However, both the 
intermediate and the high-risk patients should be aware 
of the importance of strict dental and cutaneous hygiene. 
Regular brushing, flossing, making sure that dentures 
fit properly and seeking professional dental care every 6 
months, prevents the tooth and gum infections that could 
lead to endocarditis.

Endocarditis is more likely a result of a daily 
exposure to bacteria, rather than the exposure during 
a dental, gastrointestinal or genitourinary procedures. 
There may be greater risks of the preventive antibiotic 
therapy than potential benefits, if any. Therefore, 
maintaining good oral health is generally more effective in 
reducing the risk of the bacterial endocarditis than taking 
preventive antibiotics before certain procedures. 

Conclusions

The major changes in the latest recommendations 
pertain to the following: 

(a) Even if prophylactic therapy for dental 
procedures is totally effective, only an exceedingly small 
number of cases of the IE might be prevented; 

including ampicillin or amoxicillin1,2,6,50. Patients who 
are unable to tolerate an oral antibiotic may be treated 
with ampicillin, ceftriaxone or cefazolin administered 
intramuscularly or intravenously. For patients who are 
allergic to ampicillin and are unable to tolerate an oral 
agent, recommended therapy is cefazolin, ceftriaxone 
or clindamycin (parenterally)1,2,6,7,50. Table 7 shows the 
agent and the proper dose for each patient’s condition.

Special Cases

If a patient is already receiving a chronic antibiotic 
therapy with an antibiotic that is also recommended for 
the IE prophylaxis for a dental procedure, it is prudent to 
select an antibiotic from a different class rather than to 
increase the dosage of the current antibiotic. If possible, 
it would be preferable to delay a dental procedure until at 
least 10 days after completion of the previous antibiotic 
therapy. This time may allow the usual oral microflora to 
be re-established. 

Patients receiving parenteral antibiotic therapy 
for the IE may require dental procedures during the 
antimicrobial therapy, particularly if the subsequent 
cardiac valve replacement surgery is anticipated. In 
these cases, the parenteral antibiotic therapy for the 
IE should be continued and the timing of the dosage 
adjusted to 30 to 60 minutes before the dental procedure. 
This parenteral antimicrobial therapy is administered 
in such high doses in order to overcome any possible 
low-level resistance developed among oral microflora 
(unlike the concentration that would occur after the 
oral administration). Intramuscular injections for the 
IE prophylaxis should be avoided in patients who are 
receiving the anticoagulant therapy1,2,50. A careful dental 
evaluation is recommended so that required dental 
treatment may be completed whenever possible before 
the cardiac valve surgery or replacement or repair of 
CHD1,41,44,47. Such measures may decrease the incidence 
of the late PVE caused by viridans group Streptococci.

Discussion

The IE, despite improvements in its management, 
remains a lethal disease. The need for a collaborative 
approach involving primary care physicians, cardiologists, 
surgeons, microbiologists, infectious disease specialists 
and frequently other specialists - namely the “Endocarditis 
Team” - has been underlined. Echocardiography (TTE and 
TOE), positive blood cultures and clinical features remain 
the cornerstone of the IE diagnosis. The sensitivity of the 
Duke criteria can be improved by new imaging modalities 
(magnetic resonance imaging, nuclear imaging, multi-
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(b) The IE prophylaxis for dental procedures should 
be recommended only for patients with underlying cardiac 
conditions associated with the highest risk of the adverse 
outcome from the IE; 

(c) For these patients prophylaxis is recommended 
for all dental procedures that involve manipulation of the 
gingival tissue, or the periapical region of the teeth, or 
perforation of the oral mucosa; 

(d) Prophylaxis is not recommended based solely on 
an increased lifetime risk of acquiring of the IE; 

(e) Last but not least, there should be a shift in the 
emphasis away from a focus on the antibiotic prophylaxis 
toward a greater emphasis on the improved access to the 
dental care and the oral health in patients. 

Dissemination of the new recommendations and their 
rationale underpinning is a prerequisite to their acceptance 
by the patients and their healthcare professionals.

References

1. Wilson W, Taubert KA, Gewitz M, Lockhart PB, Baddour 
LM, Levison M, Bolger A, et al. Prevention of infective 
endocarditis: guidelines from the American Heart 
Association: a guideline from the American Heart 
Association Rheumatic Fever, Young, and the Council on 
Clinical Cardiology, Council on Cardiovascular Surgery 
and Anesthesia, and the Quality Care of Outcomes Research 
interdisciplinary Working Group. Circulation, 2007; 
116:1736-1754.

2. Baddour LM, Wilson WR, Bayer AS, Fowler VG Jr, 
Tleyjeh IM, Rybak MJ, et al. American Heart Association 
Committee on Rheumatic Fever, Endocarditis, and 
Kawasaki Disease of the Council on Cardiovascular Disease 
in the Young, Council on Clinical Cardiology, Council on 
Cardiovascular Surgery and Anesthesia, and Stroke Council. 
Infective Endocarditis in Adults: Diagnosis, Antimicrobial 
Therapy, and Management of Complications: A Scientific 
Statement for Healthcare Professionals From the American 
Heart Association. Circulation, 2015; 132:1435-1486.

3. Baltimore RS, Gewitz M, Baddour LM, Beerman LB, 
Jackson MA, Lockhart PB, et al. American Heart 
Association Rheumatic Fever, Endocarditis, and Kawasaki 
Disease Committee of the Council on Cardiovascular 
Disease in the Young and the Council on Cardiovascular and 
Stroke Nursing. Infective Endocarditis in Childhood: 2015 
Update: A Scientific Statement from the American Heart 
Association. Circulation, 2015; 132:1487-1515.

4. NICE. Prophylaxis against infective endocarditis, NICE 
clinical guideline CG64 (2008, updated 2015.). https://www.
nice.org.uk/guidance/cg64

5. Habib G, Hoen B, Tornos P, Thuny F, Prendergast B, 
Vilacosta I, et al. ESC Committee for Practice Guidelines. 
Guidelines on the prevention, diagnosis, and treatment of 
infective endocarditis (new version 2009): the Task Force 
on the Prevention, Diagnosis, and Treatment of Infective 
Endocarditis of the European Society of Cardiology (ESC). 
Eur Heart J, 2009; 30:2369-2413.

6. Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta 
JP, Del Zotti F, et al. ESC Guidelines for the management of 
infective endocarditis: The Task Force for the Management 
of Infective Endocarditis of the European Society of 
Cardiology (ESC).  Eur Heart J, 2015; 36:3075-3128.

7. Gould FK, Elliott TS, Foweraker J, Fulford M, Perry JD, 
Roberts GJ, Sandoe JA, et al. Guidelines for the prevention 
of endocarditis: report of the Working Party of the British 
Society for Antimicrobial Chemotherapy. J Antimicrob 
Chemother, 2006; 57:1035-1042.

8. Zouridaki T, Zervou-Valvi F. Antimicrobial chemo-
prophylaxis for prevention of infective endocarditis in 
Dentistry. Helle Hospital Dent, 2010; 3:13-20.

9. Lockhart PB, Loven B, Brennan MT, Fox PC. The evidence 
base for the efficacy of antibiotic prophylaxis in dental 
practice. JADA, 2007; 138:458-474.

10. Little JW, Falace DA, Miller CS, Rhodus NL. Dental 
management of the medically compromised patient. 
Ed 8. Elsevier, 2013; pp 19-36.

11. Ratib K, Bhatia G, Uren N, Nolan J. Emergency Cardiology. 
Ed 2. Hodder Education, 2011; pp 188-202.

12. Karchmer AW. Infective endocarditis. In: Libby P (Ed). 
Braunwald’s heart disease, a textbook of cardiovascular 
medicine. Ed 8. Philadelphia: Saunders, 2008; pp 1713-1738.

13. Ito HO. Infective endocarditis and dental procedures: 
evidence, pathogenesis, and prevention. J Med Invest, 2006, 
53:189-198.

14. Fowler VG Jr, Bayer A. Infective endocarditis. In: 
Goldman L (Ed). Cecil medicine. Ed 23. Philadelphia: 
Saunders, 2008; pp 537-548.

15. Hoen B, Duval X. Infective Endocarditis. N Engl J Med, 
2013; 368:1425-1433.

16. Bashore TM, Cabell C, Fowler V Jr. Update on infective 
endocarditis. Curr Probl Cardiol, 2006; 31:274-352.
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SUMMARY
Patients with schizophrenia, especially during period of their 

hospitalization, are likely to constitute a high-risk group of individuals with 
respect to prevalence of oral diseases. Several factors are mentioned in the 
manuscript that may contribute to the finding of increased prevalence of oral 
diseases in patients with schizophrenia. Unfortunately, some of these can 
be attributed to dental profession; these patients are sometimes deprived of 
dental service as they cannot afford the treatment due to its cost and they 
are even neglected sometimes by dental professionals. The idea of providing 
oral health care in the environment of specialized health care institutions, 
such as psychiatric hospitals, during periods of hospitalization, is especially 
emphasized.
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Introduction

Mental health is an integral part of general health1. 
However, it is considered that over 450 million people 
worldwide suffer from some form of psychiatric 
disorders2, and schizophrenia is among the most 
frequent3-5. Psychiatric patients are often neglected by 
the society, probably because of ignorance, fear, stigma, 
misconceptions and negative attitudes. However, these 
persons are of even more concern for the society because 
there is a loss of productivity due to their disability and an 
increased health care cost, and burden to the government, 
their families, and society in general6.

Oral health is an integral part of health care7. 
Psychiatric patients, especially during period of their 
hospitalization, are likely to constitute a high-risk group of 
individuals with respect to prevalence of oral diseases and 
may require special attention8. Factors such as the nature 
of psychiatric disorders, length of stay and oral-side effects 
of psychotropic drugs have been noted as contributors to 
poor oral health among institutionalized chronic psychiatric 
patients9. In addition, unhealthy behaviours, such as 
smoking cigarettes, alcohol consumption and illicit drug 
use have been linked to psychiatric disorders10.

Oral health is especially influenced by caries and 
periodontal disease7. Caries is multi-causal infectious 

disease directly dependent on nutrition. It is the end result 
of complex mutual impact of tri main factors: the host 
(characteristics of tooth enamel and saliva), the cause 
(oral biofilm), and the environment (food and dietary 
habits)11. Periodontal disease is a complex disorder of all 
periodontal tissues (gingiva, alveolar bone, periodontium 
and dental cement), and it is irreversible if affects all the 
periodontal tissues7. The mutual causal factor of both, 
caries and periodontal disease, is dental plaque12-14, and 
the end result of both is tooth loss7.

Recent studies, done elsewhere, pointed to the 
increased prevalence of caries and periodontal disease 
in psychiatric patients compared to mentally healthy 
individuals3,4,6,15-30. There are several reasons for this 
finding20,25: (1) the primary illness lessens motivation 
for oral care, sometimes even reducing capability for 
use the adequate technique of tooth-brushing; (2) some 
antipsychotics have oral side-effects, such as xerostomia; 
(3) possibilities for regular dental visits are reduced; and 
(4) dentists are not especially trained to take care of this 
category of patients.

The aim of this report is to review already published 
data on psychiatric patients, especially those with 
schizophrenia, and to evaluate problems with their oral 
health care, pointing to possible solutions of improving it.

10.1515/bjdm-2016-0002
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of schizophrenia aetiology, probably because of the 
heterogeneity of the disease38.

Clinical Characteristics of Schizophrenia
Schizophrenia is usually manifested through 2 

clinical entities: acute and chronic syndrome. Acute 
syndrome is basically a syndrome with clinical features 
that are related to positive symptoms of schizophrenia, 
and which include: hallucinations, delusions of 
persecution, social deprivation, degradation of operation 
efficiency and misinterpretation of social relationships 
(delusion). However, occasionally schizophrenic 
syndrome is characterized by phenomena called negative 
symptoms, and they include: inactivity, social withdrawal, 
lack of energy, impaired thinking and emotional numbness 
(apathy)34. One of 10 patients with schizophrenia commits 
and every third attempts suicide. The life expectancy of a 
person with schizophrenia is significantly shorter than in 
the general population31.

Classification of Schizophrenia
In recent decades, pathognomonic signs and 

symptoms were systematized in precise diagnostic criteria 
for the classification of diseases, which are currently valid 
through 10th Revision of the International Classification of 
Diseases (ICD-10)39 and the 4th edition of the Diagnostic 
and Statistical Manual of Mental Disorders of the 
American Psychiatric Association (DSM-IV)40.

Under the current ICD-10, schizophrenia is marked 
as F20, it’s different clinical forms (F20.0 - F20.9) 
being as follow: paranoid schizophrenia, hebephrenic 
schizophrenia, catatonic schizophrenia, undifferentiated 
schizophrenia, post-schizophrenic depression, residual 
schizophrenia, simple schizophrenia, and other 
unspecified schizophrenia39.

Treatment of Schizophrenia
The main objectives of the treatment of 

schizophrenia are to reduce the number, duration 
and severity of episodes of the disorder, to reduce 
overall morbidity and mortality, and to improve social 
functioning, independence and quality of life to a greater 
extent. The therapeutic plan is formulated after the initial 
assessment. The goals and strategies in the treatment 
depend on the stage of the disorder and its severity31.

Once the diagnosis of schizophrenia has been 
made, or just suspicion of it, it is necessary to hospitalize 
the patient till additional clinical studies confirm the 
diagnosis. Hospitalization should also be implemented 
if the disease worsens or similar signs appear (strong 
psychomotor anxiety, aggressive behaviour, side-effects of 
medication, suicidal tendencies etc.)34.

Today, schizophrenia is mainly treated by 
antipsychotics. The essence of the efficacy of 
antipsychotics is based on their antagonistic effect 
at dopaminergic receptors, both postsynaptic and 

Schizophrenia

Schizophrenia is a chronic mental disorder 
with exacerbations and remissions, characterized by 
disintegration of thought processes and of emotional 
responsiveness, which leads to social and occupational 
disability of patients. Therefore, it is a burden for both, the 
patient’s family and the community, and it is the disease 
of great public health importance. The World Health 
Organization (WHO) designated schizophrenia as one 
of the 10 most common diseases that contribute to the 
overall burden of world population31.

Epidemiology of Schizophrenia
Schizophrenia is a relatively common psychotic 

disorder32. Epidemiological studies show that prevalence 
of schizophrenia is approximately the same in all parts of 
the world33. It occurs in 1% of general population and is 
one of the leading causes of disability in people between 
15 and 44 years of age, which means at a time when the 
greatest personal development and individual productivity 
is expected31. The annual incidence of schizophrenia 
ranges from 0.16 to 0.28 per   1 000 inhabitants. The 
prevalence is 4 000 to 5 000 per million, or about 1.1% for 
men and 1.9% for womens34. The prevalence, morbidity 
and severity of clinical symptoms were higher in urban 
and industrialized areas compared to rurals33,35. Also, the 
prevalence is higher in lower socio-economic levels, but 
the incidence is equal in all socio-economic classes35. 
However, the incidence of the disease is higher among 
single people, which can be a result of the disease or 
illness precursors to social functioning33.

It is believed that because of chronic course of the 
disease nearly half of patients in mental hospitals are from 
category of schizophrenia36. Until thirty years ago, about 
50% of the total bed fond in psychiatric institutions of 
the Republic of Serbia belonged to the people suffering 
from schizophrenia. Today that number is half lower, but 
is still quite high despite the use of modern methods of 
treatment34. Data on hospital morbidity in the Republic 
of Serbia, in the period from 2007 to 2011, show that 
the number of hospitalized patients only diagnosed with 
schizophrenia increased from 4 434 in 2007 to 5 152 in 
2011 (16%)31. 

Aetiology of Schizophrenia
Potential causes of schizophrenia are not sufficiently 

clear and there is no a single cause, but it seems that 
schizophrenia is the result of a complex interaction of 
genetic, biological, psychological and social factors31. 
Studies of schizophrenia aetiology are focused on 
neurobiological processes, considering a change in 
gene expression, neuro-immunological background or 
toxic brain damage (prenatal and postnatal)37. However, 
there is no convincing evidence of any specific theory 
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because medications, unhealthy habits and diet can affect 
it. Also, there is a clear link between oral health and 
quality of life, because oral health affects diet, speech, 
self-esteem and emotional condition42. Thus, oral health 
should not be separated from mental health41.

Local diseases that have the greatest impact on oral 
health are caries and periodontal disease7. As previously 
said, caries and periodontal disease have a common major 
aetiological factor, and that is dental plaque12-14. Dental 
plaque is described as organic, bacterial, colourless and 
opalescent soft plaque that accumulates on the teeth, 
but also in other places in the oral cavity in the form 
of biofilm43. Concerning pathogenic mechanism of 
caries, bacteria use complex carbohydrates from dental 
plaque for their own metabolism, and as a final product 
the obtained acids increase pH in the oral cavity. In this 
environment the process of demineralization overcomes 
the remineralization process, which leads to a distortion 
of the mineral component of enamel (ions Ca2 + and 
PO4 3- diffuse from the tooth enamel), and this leads to 
cavitation, causing initial carious lesion44. Concerning 
pathogenesis of periodontal disease, microorganisms 
destroy a collagen fibres, which leads to apical migration 
of the attached epithelium and deepens the gingival sulcus 
to form periodontal pocket45. The final stage of both oral 
diseases (dental caries and periodontal disease) is the loss 
of the tooth7.

Psychiatrically ill persons being hospitalized in 
psychiatric institutions for a long period of time express 
an increased prevalence of oral diseases4,5,17,29,46-53. It 
is reasonable to say that psychiatric patients who were 
hospitalized for a long time represent a high-risk group for 
the development of oral diseases comparing to mentally 
healthy persons47. In addition, negative symptoms of the 
underlying disease (schizophrenia), such as apathy or 
inability for initiation and maintaining behaviour that 
is objective-driven, contribute to inadequate oral health 
status because they reduce ability and motivation of 
patients to maintain oral hygiene54. Moreover, cognitive 
defects in people with schizophrenia, like poor memory 
and decrease of attention, reduce their ability to recognize 
problems of their own oral health and needs for regular 
and proper oral hygiene practice55.

Drugs used to treat psychiatric disorders can 
contribute to negative effects in the oral cavity, such 
as xerostomia, which leads to the progression of 
periodontal disease and increased destruction of teeth56,57. 
Psychotropic drugs, in particular, can cause hypofunction 
of salivary glands58 and formed hypo-salivation, which 
consequently reduces self-cleaning activity of the oral 
cavity, leading to an increased accumulation of dental 
plaque on marginal gingival area43. As schizophrenia 
is predominantly a chronic disease, drug therapy takes 
a long period of time, so the probability of negative 
impact on oral health is consequently bigger55. Studies 
have shown that psychiatric patients usually take a large 

presynaptic34. There are many antipsychotic drugs, 
which are divided into antipsychotics of first and second 
generation. This division was based on the presence or 
absence of extrapyramidal symptoms, but also on other 
aspects of drugs (receptor profile, neurophysiological 
effects, therapeutic profile and the profile of adverse 
effects). Serbia has registered a large number of first-
generation antipsychotics, such as chlorpromazine, 
fluphenazine, haloperidol, levomepromazine, sulpiride 
and zuclopenthixol. Drugs of this generation have a high 
affinity to dopamine D2 receptors, and consequently all 
lead to extrapyramidal symptoms and have a significant 
risk of tardive dyskinesia. Some are effective in the 
treatment of positive psychotic symptoms, whereas 
their efficiency in the treatment of negative symptoms 
is less pronounced. As far as the second-generation 
antipsychotics are concerned, in Serbia are registered 
clozapine, risperidone, olanzapine, sertindole, quetiapine, 
ziprasidone, amisulpride and paliperidone31. After 
application of these antipsychotics neurotransmitter 
activity is better balanced, as they do not act only on 
dopaminergic D2 receptor system34.

Unfortunately, in addition to their positive 
therapeutic effects, antipsychotics cause a range of side-
effects. It is assumed that the blockade of the mesolimbic 
dopaminergic receptors road is important for antipsychotic 
effect, while blockade of nigrostriatal dopaminergic 
receptors is responsible for extrapyramidal manifestations. 
In the second-generation of antipsychotics, mechanism 
of action is associated with high affinity for serotonin 
2a receptor antagonist and modulation of dopaminergic 
activity34.

Apart from antipsychotics, patients with 
schizophrenia are given other groups of drugs in 
order to eliminate or minimize the side-effects of 
antipsychotics. The use of antidepressants in the treatment 
of schizophrenia is particularly suitable when there are 
severe depressive, even catatonic symptoms. If the level 
of anxiety is high, anxiolytics (benzodiazepines) should be 
added34.

Among the adverse effects to antipsychotics, 
particularly interesting is possible pharmacological 
Parkinsonism, which is accompanied by muscle rigor, 
dyskinesia and vegetative disturbances. In the case 
of the aforementioned effects, drugs of choice are 
antiparkinsonian drugs. Also, people with schizophrenia 
often have sleep disorders in the form of insomnia; 
therefore, if necessary, hypnotics and sedatives might be 
introduced34.

Oral Health and Schizophrenia

Oral health has a significant part in the mental 
health41. Oral health is a reflection of the general health, 
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and clinical signs of inflammation73. Previous studies of 
psychiatric patients’ oral health have shown that persons 
suffering from psychiatric illness smoke cigarettes more 
often and in greater extent comparing to mentally healthy 
persons17,59,68,76,77. Moreover, schizophrenic patients 
often consume alcohol78, which increases number of 
their hospitalizations and severity of symptoms of the 
underlying (psychiatric) disease80,81. On the other hand, 
alcohol abuse can “mask” symptoms of the psychotic 
illness up to several years a fact that unnecessarily 
postpones the beginning of therapy82,83. Studies on oral 
health of alcohol abusers showed greater incidence of 
caries84 and periodontal disease85 compared to persons not 
consuming alcohol.

Studies also show an increased representation 
of narcotics’ abuse among hospitalized psychiatric 
patients86,87, including schizophrenic patients as 
well88,89. Moreover, there are numerous studies 
showing that cannabis use may be one of the causes of 
schizophrenia90,91. In the United States, over 50% of 
schizophrenic patients are addicted to cocaine, and 40% of 
them are addicted to cannabis92. Finally, it is interesting 
that previous studies show an increased prevalence of 
periodontal disease in individuals who enjoy narcotics, 
such as cocaine and ecstasy93,94.

It is known that there is a close connection between 
the general health of the organism and the health of 
oral mucosa, which is especially evident in cases of 
psychosomatic disorders and psychiatric illness, which 
include schizophrenia. In the oral cavity of these patients, 
in addition to tooth decay and periodontal disease, several 
other changes may occur, such as: the ulcer-necrotic 
gingivitis, recurrent oral ulcers, lichen planus, geographic 
tongue, secondary infections, as well as changes that 
accompany the side-effects of drugs95. In schizophrenic 
patients a self-injury of oral soft tissues can sometimes 
be noticed, as well as attrition or abrasion of teeth (due to 
manic behaviour), temporomandibular joint dysfunction, 
bruxism, hyper-salivation, chronic oro-facial pain 
syndrome, infections of oral tissues and other3,6,18,76,95,96. 
All this strengthens the need for much better dental health 
control of persons with psychiatric diseases, including 
schizophrenia. This could be achieved in the society, but 
even more in the environment of specialized health care 
institutions, such as psychiatric hospitals.

Conclusion

Many studies established that oral diseases, 
especially caries and periodontal disease, are much more 
prevalent in patients with schizophrenia than in healthy 
individuals. Factors such as the nature of psychiatric 
disorders, length of hospital treatment and oral-side 
effects of psychotropic drugs may considerably contribute 

number of psychiatric drugs3,5,20,46,59,60. It is of special 
interest that certain drugs reduce salivation, in other 
words cause xerostomia, which is confirmed by numerous 
studies61-63. This effect is especially provoked by drugs 
belonging to the first generation of antipsychotics64-65, 
antiparkinsonian drugs and benzodiazepines66. In order 
to reduce the subjective symptom of xerostomia, people 
increasingly use chewing gums, but they also consume 
sweets and beverages with a high concentration of 
carbohydrates54,67, directly increasing the prevalence of 
oral diseases17,27.

Dental treatment of psychiatric patients is not an easy 
task, primarily because they avoid regular visits to dental 
offices and neglect maintaining adequate oral hygiene. 
Even more, psychiatric patients are often incapable to 
establish true cooperation, scared of dental interventions 
and have financial hardship68,69. In most trials, psychiatric 
patients last visited a dentist for more than one year 
previously17,46,59,68,70,71, and the main quoted reason 
was fear of dental interventions17,71. When it comes to 
oral hygiene of psychiatric patients, most studies point 
out that they irregularly maintain oral hygiene during 
hospitalization4,6,17,19,27,46,48,59,60,71,72, not apply proper 
brushing technique27,59, and do not usually have oral 
hygiene aids68.

Psychosocial factors and stress are associated with 
the progression of periodontal disease. A significant 
correlation between some psychosocial factors and 
chronic periodontal disease was found. Psychosocial 
factors, stress at work, depression, unemployment or 
negative life events are well known risk factors for 
periodontal destruction73. There are several possible 
explanations of the role of stress in the pathogenesis of 
periodontal disease; for example, stress causes depression 
of the immune response by cortisol release, which 
provides an opportunity for bacteria to invade tissue73; 
stress may cause activation of autonomic nervous system 
and secretion of adrenaline and noradrenaline, which 
in turn trigger prostaglandins, who mediate periodontal 
tissue destruction. In addition, stress can cause adverse 
changes in behaviour and developing of bad habits, such 
as smoking, neglecting oral hygiene and irregular visits to 
the dentist, what would be the indirect role of stress73.

Numerous studies have shown a clear connection 
between smoking and periodontal disease. Bad habits 
such as cigarette smoking and alcohol consumption 
not only increase the incidence of periodontal disease, 
but increase the risk of oral cancer as well74,75. It has 
been shown that the risk for periodontal disease is 
growing from 2.5 to 7 times in smokers compared to 
non-smokers73. Smokers have a more severe form of 
the disease and less successful response to conservative 
and surgical periodontal therapy. However, smokers 
are clinically less prone to gingival inflammation and 
bleeding. This can be explained by vasoconstriction 
caused by nicotine, which reduces blood flow, oedema 
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to poor oral health among patients with schizophrenia. 
That is why oral health care is especially important for 
this category of psychiatric patients.

However, dental treatment of patients with 
schizophrenia is not an easy task, primarily because 
they avoid regular visits to dental offices and neglect 
maintaining adequate oral hygiene. There are several 
factors that contribute to the finding of increased 
prevalence of oral diseases in patients with schizophrenia. 
Unfortunately, some of these can be attribute to dental 
profession; these patients are sometimes deprived of 
dental service because they cannot afford the treatment 
due to its cost and they are even neglected, sometimes, by 
dental professionals. It is an impression that oral health 
care could especially easily be done during periods of 
hospitalization, in the environment of specialized health 
care institutions, such as psychiatric hospitals.
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SUMARRY
Aim: to evaluate the amount of debris extruded apically as well as 

the time needed for removal of root canal filling material using ProTaper, 
MTwo, REndo NiTi rotary retreatment systems and hand files.

Materials and methods: 60 freshly extracted human single-rooted 
teeth were instrumented with Protaper files and obturated with gutta-percha 
and MTA Fillapex sealer with the cold lateral compaction technique. Teeth 
were then randomly assigned to 4 groups. ProTaper, MTwo, REndo rotary 
retreatment systems and Hedstroem hand files were utilized for root canal 
filling removal. Debris extruded apically was collected into pre-weighed 
vials. The weight of the dry extruded debris was established by subtracting 
the pre-retreatment and post-retreatment weight of vials. Time needed for 
reaching WL, complete removal of gutta-percha and total retreatment time 
were also recorded with a stopwatch. The data obtained were analyzed using 
One-way ANOVA (the level of significance was set at P=0.05).

Results: Hand instrumentation caused significantly more debris 
extrusion compared with rotary systems (P<0.001). There was no significant 
difference among the other groups (P>0.05). Hedstroem hand files needed 
significantly more time for the completion of the retreatment procedure 
than rotary systems (P<0.001). Among rotary retreatment files, ProTaper 
completed the procedure significantly quicker than MTwo and REndo 
(P<0.001). 

Conclusion: Rotary retreatment files caused less apical extrusion of 
debris and needed less time for the completion of the retreatment procedure 
compared to hand files.
Keywords: Endodontic retreatment, Gutta-percha, ProTaper rotary instruments.
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Introduction

Nonsurgical retreatment is the treatment of choice for 
the majority of failed endodontically treated teeth7,10,36. 
The main goal of endodontic retreatment is to regain 
access to the apical foramen by complete removal of the 
filling materials, and to facilitate sufficient cleaning and 
shaping of the root canal system19,34.

 Numerous techniques have been described for 
removal of the root canal filling materials, including the 
use of hand or rotary instruments, heat, ultrasonics or 
chemical solvents in different combinations11,15,21,25. 
Some rotary NiTi systems have been especially designed 
for root canal retreatment. Studies on clinical use and 
efficacy of rotary retreatment files have concluded that 
they are efficient in adequate and less time consuming 
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during the removal of root canal filling material using 
rotary retreatment instruments8,14,27,32,38. For example, 
Topcuoglu et al38 compared the relative efficacy of 
3 rotary retreatment systems (Pro-Taper retreatment 
instruments, D-RaCe and R-Endo instruments); Dincer 
et al8 evaluated the amount of debris extruded by using 
ProTaper and MTwo retreatment files, Reciproc systems 
and hand Hedstroem files, Silva et al32 evaluated the 
extrusion provoked by Reciproc, Wave One and Protaper 
retreatment files, Saad et al27 studied the extrusion of 
debris caused by Protaper Universal and K3 rotary files 
used for the removal of gutta-percha. 

The aim of this study was to evaluate the amount 
of debris extruded apically during removal of filling 
materials using ProTaper, MTwo and R-Endo NiTi 
rotary retreatment instruments and hand files. The 
null hypothesis tested was that there is no significant 
difference among the groups concerning the amount 
of debris extrusion, as well as the time needed for 
completion of the retreatment procedure.

removal of filling material during retreatment as opposed 
to hand files22,26.  

The ProTaper Universal Retreatment system has 3 
files D1, D2 and D3, one for each third of the root canal. 
REndo system consists of 4 files (Table 1): Re to be used 
in the first few millimeters of the canal and R1, R2 and 
R3 progressively for the coronal, middle and apical thirds 
of the root canal respectively. MTwo Retreatment system 
consists of one file for narrow canals and another for 
medium and wide canals (Table 1). 

Filling material, necrotic pulp tissue, dentine, 
bacteria or irrigant may be extruded into the periapical 
tissues during endodontic retreatment14. Apically extruded 
materials have clinically been held responsible for 
discomfort, including postoperative inflammation, flare-
ups and even failure or delayed apical healing31,32,37. 
The amount of extruded debris has been associated with 
the intensity of the periapical inflammatory reaction9,14. 
Therefore, the apical extrusion is a subject of interest.

A literature review revealed relatively few studies 
evaluating the amount of apically extruded debris 

Table 1. Characteristics of representative rotary retreatment files

Brand name Manufacturer
Number of 

instruments needed 
for 1 root canal

Size/taper Length (mm) Rotation 
Speed (rpm) Cutting tip

Protaper 
Universal

Dentsply
Maillefer, 
Ballaigues, 
Switzerland

3
D1 :30/.09
D2: 25/.08
D3 :20/.07

D1:16
D2:18
D3:22

500 Only for D1

REndo MicroMega, 
Besancon, France 4

Re: 25/.12
R1: 25/.08
R2: 25/.06
R3: 25/.04

Re:15
R1:15
R2:19
R3:23

300-400 No

Mtwo VDW, Munich, 
Germany 1 R15/.05 

R25/.05 21 280 Yes

Materials and Methods

Freshly extracted human single-rooted teeth, 
which were collected from a pool of teeth extracted for 
periodontal reasons, were used for this study. Criteria for 
tooth selection included a single root canal, no visible 
root caries, no fractures or cracks under a stereoscopic 
microscope at x32 magnification, no signs of internal or 
external resorption or calcification, a completely formed 
apex, and a curvature of <50 according to Schneider 
(1971) with no lateral exit of the apical foramen30. The 
teeth were preoperatively radiographically exposed in 
both buccolingual and mesiodistal directions to confirm 
a single canal anatomy and to rule out any aberrant canal 

morphology. The soft-tissue remnants and calculi from the 
external root surface were removed with a hand scaler.

Root canal preparation and obturation: Endodontic 
access cavities were prepared with diamond burs 
(Diatech; ColteneWhaledent, Altststten, Switzerland) in 
a high speed contra angle handpiece with water cooling. 
Canal patency was then established with a #10 K-file 
(Dentsply Maillefer, Ballaigues, Switzerland). Canals 
patent to greater than ISO #15 were discarded, and finally 
60 teeth were selected with compliance to the dimension 
criteria. A #10 K-file (Dentsply Maillefer Ballaigues, 
Switzerland) was introduced into the canal until the file tip 
was observed at the apical foramen. The working length 
(WL) was determined by subtracting 1 mm from this 
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coronal part of gutta-percha was removed with a Gates 
Glidden drill size 3 and then R25/.05, which progressively 
reached the WL. Crown down technique with brushing 
movements were used. Speed was set at 280 rpm and 
torque at 2 N/cm. Final canal preparation was performed 
using MTwo files 30/.06, 35/.06 and 40/.06 (VDW, 
Munich, Germany).

Group C: The filling materials were removed 
using REndo Retreatment Files (Micro-Mega, Besancon, 
France). Re was used for the coronal part of the root 
canal, R1 for the coronal part and the beginning of the 
middle third, R2 for the middle third and R3 reached the 
WL. Crown down technique with brushing movements 
was accomplished. Speed was set at 350 rpm and torque 
at 1.5 N/cm. Final canal preparation was performed using 
30/.06, 35/.06 and 40/.06 RevoS rotary files (Micro-Mega, 
Besancon, France).

Group D: The filling materials were removed using 
Hedstroem Files (VDW, Munich, Germany). The coronal 
part of gutta-percha was removed with a Gates Glidden 
drill size 3 and then Hedstroem files sizes 30, 25, 20 and 
15 were sequentially used in a “crown-down” manner. 
Once the WL was reached, Hedstroem files 20, 25, 30, 35 
and 40 were used at the WL for final canal preparation.

The solvent was not used in any group. Ni-Ti rotary 
retreatment files were used according to manufacturer’s 
instructions. After the instrument change, the canals 
were irrigated with 2 ml distilled water. The root canals 
of all groups were irrigated with a side-vented needle 
of 27 Ga which was inserted into the canal until slight 
resistance was felt. In each group, 15 ml of distilled water 
was totally used for irrigation. Retreatment was deemed 
complete when no debris was visible on the instrument 
surfaces and no remnants of gutta-percha were visible 
with the operating microscope (magnification x10) (OPMI 
Zeiss Pico, Germany) on the canal walls. All teeth were 
treated by the same operator. In order to evaluate the 
debris extruded but were still on the root surface the roots 
were washed with 0.5 ml distilled water. The time needed 
to reach the WL, the time needed for complete removal of 
gutta-percha and the total time required for the retreatment 
procedure of each tooth were recorded in seconds by 
the aid of a stopwatch. Time needed for file change, file 
cleaning and irrigation was excluded. 

After the completion of the retreatment procedure, 
the metal caps were removed from the vials and the vials 
were stored for five days at 68oC in an incubator to allow 
the evaporation of the water. Evaluation of the extruded 
dry debris was performed by a second operator blinded 
to group assignment. The vials were weighed again in the 
same manner as in the initial measurement. The extruded 
dry debris was finally calculated by subtracting the weight 
of the empty vials from the weight of vials with dry 
debris. 3 consecutive measurements were taken for each 
vial, and the mean value was recorded.

measurement. Tooth length was standardized at 19 mm by 
removing the crown excess perpendicular to the long axis 
of the tooth with a diamond bur under constant water flow. 

The canals were prepared with ProTaper Universal 
rotary files (Dentsply Maillefer, Ballaigues, Switzerland) 
according to the manufacturer’s instructions with F3 as a 
finishing file. The canals were irrigated with 2 ml 2.5% 
sodium hypochlorite (NaOCl) between each file. Upon 
completion of preparation, the canals were irrigated with 
5 mL 17% EDTA, dried with paper points F3 (Dentsply 
Maillefer, Ballaigues, Switzerland) and obturated with 
gutta-percha and MTA Fillapex sealer (Angelus, Londrina, 
Brazil) using the cold lateral compaction technique. 
Mesiodistal and buccolingual radiographs were taken to 
confirm the technical quality of the obturation. The root 
canal fillings were removed coronally with the F/.06 tip of 
system B and limited to 15 mm from the apex. The access 
cavities were sealed with temporary filling material [Cavit 
(DeTrey/Dentsply, Konstanz, Germany)] and the teeth 
were stored in an incubator at 37ο C and 100% humidity 
for 1 month to allow the sealer to set.

The method used to measure the quantity of extruded 
debris was the one described by Myers & Montgomery 
(1991)23. Vials with metal caps were utilized. The 
vials were weighed prior to instrumentation by using 
a precise microbalance with an accuracy of 10-4g.  A 
hole was created at the center of metal cap with the aid 
of a drill. The tooth was inserted through the hole and 
was fixed to the cementoenamel junction by means 
of silicone. The apical part of the root was suspended 
within the vial, which acted as a collecting container 
for the material extruded through the foramen. The vial 
was shielded using a rubber dam so that the operator 
performing the procedure was not able to see the root 
during the procedure. A bent 27-gauge needle was also 
forced alongside the rubber stopper and silicone to use 
as a drainage cannula, balance between the air pressure 
inside and outside the vials. The assembly was secured to 
prevent any movement that might disrupt standardization 
of the instrumentation procedure. All vials were coded and 
then randomly assigned to 4 groups of 15 specimens each.

The 60 teeth were randomly divided into 4 groups:
Group A: The filling materials were removed 

using ProTaper Retreatment Files (Dentsply Maillefer, 
Ballaigues, Switzerland). D1 was used for the coronal 
third, D2 for the middle third and D3 reached the working 
length (WL). All instruments were gently pressed in gutta-
percha. Crown down technique with brushing movements 
was accomplished. During the procedure, the instruments 
were removed from the root canal in order to be inspected 
and clean the flutes. Speed was set at 500 rpm and torque 
at 2 N/cm. Final canal preparation was performed using 
F3 and F4 ProTaper files (Dentsply Maillefer, Ballaigues, 
Switzerland).

Group B: The filling materials were removed using 
MTwo Retreatment Files (VDW, Munich, Germany). The 
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The total time needed for the completion of the 
retreatment procedure was significantly longer for 
hand instrumentation compared to ProTaper (P<0.001), 
MTwo (P<0.001) and REndo (P<0.001). Among rotary 
retreatment files, ProTaper needed significantly less time 
compared to MTwo (P<0.001) and REndo (P<0.001); 
there was no significant difference between MTwo and 
REndo files (P=1.000).

Figure 1. Mean, median, standard deviation, minimum and maximum of 
time in seconds needed for a) reaching the WL,  

b) complete removal of GP, and c) total retreatment procedure

Discussion

Apical extrusion of debris during endodontic 
treatment and retreatment can lead to postoperative pain 
and discomfort31,33. The apical extrusion of debris and 
irrigants by different instrumentation techniques during 
initial endodontic treatment has been studied thoroughly 
in the literature37. Few studies have investigated the 
amount of debris extruded during root canal retreatment 
by using NiTi rotary retreatment systems8,14,32,38. To 
our knowledge, this is the first study evaluating apical 
extrusion of debris during retreatment which uses an MTA 
based sealer for cold lateral compaction. This material has 
different physical and chemical properties from epoxy 
resin sealers utilized in previous studies and therefore 
it may account for differences in the amount of debris 
extrusion, as well as the time needed to reach working 
length (WL) to remove gutta-percha (GP) and to complete 
the retreatment procedure3,28. 

Several laboratory experimental set-ups have been 
designed in order to evaluate the amount of debris extrusion 
into periapical tissues during root canal shaping37. The 
system that has been widely adopted is the one described 
by Myers and Montgomery23. The main disadvantage of 
this model is that the pulpal status and condition of the 
periapical tissues as well as the pressure at the periapex 

Statistical analysis
Statistical analyses were performed using Statistical 

Package for the Social Sciences (IBM SPSS Statistics 
v.19, New York, NY, USA). Kolmogorov-Smirnov test 
was employed to evaluate the normal distribution of 
continuous variables within each group and Levene’s 
test to verify the equality of variances assumption. 
The normality hypothesis was retained both for time 
and weight. Therefore, one-way Analysis of Variance 
(ANOVA) was performed; Bonferroni correction was used 
for multiple comparisons among the groups. The level of 
significance was set in all cases at P=0.05.

Results

The mean, standard deviations, median, minimum 
and maximum weight of debris extruded apically in each 
group are summarized in table 2. There was a statistically 
significant difference among the groups (P<0.001). 
Bonferroni correction showed that Hedstroem files caused 
significantly more debris extrusion compared to ProTaper 
(P<0.001), MTwo (P<0.001) and REndo (P<0.001) 
rotary files. There was no significant difference between 
ProTaper and MTwo (P=1.000), ProTaper and R-Endo 
(P=1.000) and MTwo and R-Endo (P=0.988).

Table 2. Mean, standard deviations (SD), median, minimum 
(min) and maximum (max) weight in grammars of debris 

extruded apically in each group

Group Mean SD Median Min Max

ProTaper 0.00366 0.00047 0.00359 0.00285 0.00438

MTwo 0.00384 0.00044 0.00379 0.00304 0.00452

REndo 0.00364 0.00031 0.00363 0.00301 0.00424

Hedstroem 0.00788 0.00033 0.00792 0.00732 0.00835

The mean, median, standard deviation, minimum and 
maximum time needed for reaching the WL, complete 
removal of gutta-percha (GP) and completion of the 
retreatment procedure are represented in figure 1. The 
mean time needed to reach the WL as well as to completely 
remove the GP from the root canals was significantly 
longer when using Hedstroem files compared to ProTaper 
(P<0.001 and P<0.001 respectively), MTwo (P<0.001 and 
P<0.001 respectively) and REndo (P<0.001 and P<0.001 
respectively) rotary files. Regarding rotary instruments, 
MΤwo needed significantly more time compared to 
ProTaper (P<0.001 and P<0.001 respectively) and 
REndo (P<0.001 and P<0.001 respectively); there was no 
significant difference between ProTaper and RΕndo files 
(P=0.094 and P=0.116 respectively). 
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Step back instrumentation technique causes more 
debris extrusion compared to crown down techniques1,2. 
As NiTi rotary retreatment files operate in a crown down 
manner, the crown down technique was also utilized 
for hand instrumentation in this study in order to avoid 
differences among the groups.

The apical diameters of the retreatment instruments 
utilized in the present study to reach WL were as follows: 
D3 (ProTaper system) has apical size 20, R3 (REndo 
system) has apical size 25 and Mtwo has apical size 25. 
These sizes may not provide complete removal of filling 
material from the apical third of the root canal as the 
initial preparation was completed with F3 file with apical 
size of 30. Clinically, an apical diameter larger than the 
apical diameter of the master apical file used in the initial 
canal preparation is needed to provide complete removal 
of the root canal filling material. Previous investigations 
have suggested that files 2 sizes larger than that of the 
master apical file of the initial treatment are necessary4,12. 
In order to standardize experimental conditions and allow 
a direct comparison among the groups, apical enlargement 
up to #40 was provided in all groups. Moreover, except 
for hand instruments and ProTaper files which do not have 
a standard taper throughout their length, a taper of .06 was 
selected for the other groups.

In this study, no solvent was used in any of the 
groups as this has been associated with a fine layer of 
softened GP that adheres to the root dentine walls. This 
is in accordance with the methodology of most studies 
on the topic8,1432,38, but in contrast with the study of 
Mittal and Jain22, in which solvent was utilized in some 
experimental groups.

There is controversy in the literature regarding the 
amount of debris extrusion by different instrumentation 
techniques. Somma et al35 concluded that NiTi rotary 
retreatment files cause more debris extrusion compared 
to manual instrumentation; others in accordance with 
the findings of the present study, found that hand 
instrumentation is associated with more extrusion14,18,38. 
In the present study, apical extrusion of debris was noticed 
in all groups. Therefore the null hypothesis was rejected. 
Among the groups, hand instrumentation resolved in more 
debris extrusion compared to NiTi rotary retreatment 
files. This could be attributed to the following reasons: 
hand instruments operate in a push-pull filing motion, 
which tends to act as a piston, pushing the debris to 
periapical tissue through the apical foramen5; rotary 
NiTi retreatment files operate with a combination of a 
rotational movement and a crown-down pressureless 
action, which direct the debris coronally16. Furthermeore, 
most retreatment files have a triangular cross sectional 
design, which reduces the contact area between the file 
and the root canal wall and consequently the amount of 
debris extrusion.   

cannot be mimicked. Even if some sort of simulation is 
provided, the structure and condition of the tissues as well 
as pulpal status cannot be standardized. This has been 
well demonstrated by Salzgeber and Brilliant29, who used 
a radiopaque material to delineate apical penetration in 
vivo. The authors concluded that the solution was confined 
to the root canal space in teeth with vital pulps; in teeth 
with necrotic pulps and/or periapical lesions, the solution 
dispersed randomly into the periapical lesions29. Also, 
the radiopaque material used as an irrigant reached the 
end-point of the preparation sooner in teeth with necrotic 
pulps than in teeth with vital pulps. Therefore, tissue 
pressure and resistance by the periapical tissues in the in 
vivo condition may reduce the occurrence and extent of 
periapical extrusion of debris, although the exact effect of 
this variable is difficult to determine27. Some studies have 
utilized agar or floral foam to simulate periapical tissues13. 
However, as these may absorb some irrigant and debris 
when they are used as barriers, no attempt was made in this 
study to simulate in vivo conditions.  Therefore, the results 
of the present study need to be interpreted with caution as 
ex-vivo experimentation cannot be directly extrapolated in 
the clinical situation. 

Several methods, such as the scoring system and 
weighing the material using a microbalance, have been 
proposed to evaluate the amount of debris extruded 
apically, with the latter providing more accurate 
measurements35. However, as the calculated amount of 
extruded material is extremely low, often in fractions of 
mg, there is always the possibility of additional influence 
by touching the devices by fingers or even pollution by 
contents from the environment in which the specimens 
are preserved. Even contact of fingertips moist to the 
assembly or contamination from other unpredictable 
sources may alter the weight37. In order to avoid this 
parameter in the present study, there was no direct contact 
between the operator’s fingertips and the assembly. 

All techniques and methods that have been utilized 
in the literature are based on a quantitative measurement 
of debris, liquid or bacteria. This approach may not be 
rational as it lacks the accomplishment of a qualitative 
analysis on the content of extruded material. A low 
amount of extruded material may have a higher potential 
of initiating periapical response due to a bacterial content 
of high virulence and antigenic characteristics compared 
to a higher quantity, lacking the specific threshold value of 
irritation35.

In this study, instrumentation was followed by copious 
irrigation. It has been concluded that instrumentation 
combined with irrigation lead to more debris extrusion 
compared to instrumentation without irrigation39. Distilled 
water was preferred as an irrigant in order to avoid the 
possible effect of crystallization of sodium hypochlorite on 
the results14. However, there is no sufficient literature data 
whether type of irrigant can affect the amount of debris 
extrusion6.
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8. Dincer AN, Er O, Canakci BC. Evaluation of apically 
extruded debris during root canal retreatment with several 
NiTi systems. Int Endod J, 2015; 48:1194-1198. 

9. Elmsallati EA, Wadachi R, Suda H. Extrusion of debris after 
use of rotary nickel-titanium files with different pitch: a 
pilot study. Aust Endod J, 2009; 35:65-69.

10. Friedman S, Stabholz A. Endodontic retreatment: case 
selection and technique -part 1: Criteria for case selection. J 
Endod, 1986; 12:28-33.

11. Friedman S, Stabholz A, Tamse A. Endodontic retreatment: 
case selection and technique - part 3: Retreatment 
techniques. J Endod, 1990; 16:543-549.

12. Friedman S. Management of post-treatment endodontic 
disease - a current concept of case selection. Aust Endod J, 
2000; 23:104-109.

13. Hachmeister DR, Schindler WG, Walker WA, Thomas DD. 
The sealing ability and retention characteristics of mineral 
trioxide aggregate in a model of apexification. J Endod, 
2002; 28:386-390.

14. Huang X, Ling J, Wei X, Gu L. Quantitative evaluation of 
debris extruded apically by using ProTaper Universal Tulsa 
rotary system in endodontic retreatment. J Endod, 2007; 
33:1102-1105.

15. Hülsmann M, Stotz S. Efficacy, cleaning ability and safety 
of different devices for gutta-percha removal in root canal 
retreatment. Int Endod J, 1997; 30:227-233.

16. Imura N, Kato AS, Hata GI, et al. A comparison of the 
relative efficacies of four hand and rotary instrumentation 
techniques during endodontic retreatment. Int Endod J, 
2000; 33:361-366

17. Iriboz E, Sazak Ovecoglu H. Comparison of ProTaper and 
Mtwo retreatment systems in the removal of resin-based 
root canal obturation materials during retreatment. Aust 
Endod J, 2014; 40:6-11.

18. Lu Y, Wang R, Zhang L, et al. Apically extruded debris 
and irrigant with two Ni-Ti systems and hand files when 
removing root fillings: a laboratory study. Int Endod J, 
2013; 46:1125-1130.

19. Mandel E, Friedman S. Endodontic retreatment: a rational 
approach to root canal reinstrumentation. J Endod, 1992; 
18:565-569.

20. Marfisi K, Mercade M, Plotino G, Duran-Sindreu F, Bueno 
R, Roig M. Efficacy of three different rotary files to remove 
gutta-percha and Resilon from root canals. Int Endod J, 
2010; 43:1022-1028.

21. Masiero AV, Barletta FB. Effectiveness of different 
techniques for removing gutta-percha during retreatment. Int 
Endod J, 2005; 38:2-7.

22. Mittal N1, Jain J. Spiral computed tomography assessment 
of the efficacy of different rotary versus hand retreatment 
system. J Conserv Dent, 2014; 17:8-12. 

23. Myers GL, Montgomery S. A comparison of weights of 
debris extruded apically by conventional filing and Canal 
Master techniques. J Endod, 1991; 17:275-279.

24. Neelkantan P, Grotra D, Sharma S. Retreatability of two 
mineral trioxide aggregate based root canal sealers. A cone 
beam computed tomography analysis. J Endod, 2013; 
39:893-896.

25. Pitt Ford TR, Rhodes JS. Root canal retreatment: 2 practical 
solutions. Dent Update, 2004; 31:97-102.

As re-treatment is more time-consuming compared 
to initial root canal treatment, more effective techniques 
for removal of root canal filling materials would 
be advantageous. In the present study, rotary NiTi 
retreatment instruments were faster than hand files. 
Among NiTi instruments, ProTaper needed significantly 
less time than the others. This is in accordance with the 
findings of Iriboz et al17, where ProTaper was faster than 
MTwo, but in contrast with the findings of Somma et al35 
and Marfisi et al20.

GP is the most widely used and accepted core root 
canal filling material, which is utilized in combination 
with a sealer as a luting agent. Previous studies on the 
topic8,14,32,38 utilized an epoxy resin sealer for obturation. 
In this study, an MTA based root canal sealer (MTA 
Fillapex) was used for this purpose. MTA Fillapex 
(Angelus, Londrina, Parana) is a new calcium silicate-
based sealer. It is composed of MTA, salicylate resin, 
natural resign, bismuth oxide and silica41. In vitro studies 
have shown that MTA Fillapex has lower push out bond 
strength to root dentine compared to epoxy resin sealers 
and leads to less remaining root canal filling material 
during retreatment procedures3,24,28. Therefore, it could be 
expected that less time is needed for complete removal of 
root canal filling material compared to cases in which an 
epoxy resin sealer has been used. However, no differences 
were noticed between the results of the present study 
and those of Dincer et al8 in which AH 26 epoxy resin 
sealer was utilized regarding the total time needed for the 
retreatment procedure.
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SUMMARY
The purpose of the study was to assess the effects of LED-PAD 

and tolonium chloride on periodontal clinical parameters in chronic 
periodontitis. 

Materials and Methods: The study was conducted on patients with 
chronic periodontitis, divided in 2 groups (study group and control group of 
patients who, besides the conventional therapy measures, also received PAD 
therapy). The periodontal clinical parameters were registered at baseline 
and after 3 months. 

Results and Discussions: The post-therapy evaluation revealed 
significantly improved results of periodontal clinical parameters in the 
study group, when compared to the control group. Our results support the 
literature studies conducted on chronic periodontitis patients but without 
any systemic diseases.

Conclusion: The PAD disinfection determined a significant 
improvement for the periodontal clinical parameters in patients with 
periodontal disease.
Keywords: Chronic Periodontitis; Photo-Activated Disinfection; Tolonium Chloride
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Evaluation the Effects of Led Photo-Activated 
Disinfection on Periodontal Clinical Parameters in 
Patients with Chronic Periodontitis

STOMATOLOGIC
A

L 
 S

O
C

IE
T

Y

Introduction

Periodontal disease is an inflammatory disease with 
a complex aetiology, among which the bacteria play an 
essential role. The breakdown of the periodontal tissue 
is initiated by the host response to bacterial activity and 
virulence factors. There are various parameters to quantify 
the inflammation and the tissue lost, such as: bleeding on 
probing, clinical attachment loss, probing depth, tooth 
mobility.

It is well known that specific periodontal therapy 
includes 3 major steps: etiologic therapy, corrective 
therapy and maintaining therapy, individualized for each 
patient. The etiologic therapy combines different methods 
for bacterial plaque removal (supra-gingival and sub-
gingival calculus removal, root planing, periodontal 
curettage). Adjunctive therapy methods can be added 
to the standard measures of etiologic therapy, including 
the antibiotic therapy or the host defence modulators. 

In the last decade a new method was emphasized: the 
photodynamic therapy.

The photodynamic therapy involves 3 major 
components: the visible light, the oxygen and a nontoxic 
photosensitizer (a photo-actable substance). The 
photosensitizer binds to the target cells and is activated 
by the light source, producing singlet oxygen and other 
reactive agents, highly toxic to bacteria1,2. The excited 
singlet oxygen can oxidize many biological molecules 
(proteins, nucleic acids and lipids), leading to its 
cytotoxicity. Singlet oxygen has a diffusion distance 
of approximately 100nm and a half-life of <0.04 ls3. 
The photodynamic activity is influenced by the type, 
the dose, the incubation time and the localization of the 
photosensitizer, the wavelength of the light source (nm), 
the light power density (mW/cm2) and the light energy 
fluency (J/cm2). In this type of therapy the toxic effect is 
mainly due to the damage of the cytoplasmic membrane 
and of the DNA4. 

10.1515/bjdm-2016-0004
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affect the periodontal status, and smokers were excluded 
from the study.

Each subject received a rigorous clinical 
examination; the periodontal clinical indexes (bleeding 
on probing, periodontal pocket depth, clinical 
attachment loss) were recorded before the treatment; 
all the measurements were conducted with periodontal 
probes (Williams). The bleeding on probing (BOP) was 
quantified as follows: 0 (no gingival bleeding), 1 (point 
of bleeding), 2 (linear bleeding), 3 (triangular bleeding) 
and 4 (drop of blood). The probing depth was registered 
for all the teeth present in the dental arch, measured in 
6 points per tooth (mesial-facial, middle-facial, distal-
facial, mesial-oral, middle-oral, distal-oral), from the 
free gingival margin to the base of the pocket; the 
measurements higher than 3mm per site were considered 
as pathological. The clinical attachment loss was 
measured from the amelo-cemental junction to the base 
of the periodontal pocket. The periodontal diagnosis was 
set after the completion of the clinical examination. The 
method for dividing the groups was randomized. 

The study group received etiologic therapy (supra- 
and sub-gingival scaling, root planing, professional 
brushing), followed by photo-activated disinfection of 
the periodontal pockets (LED PAD therapy). The control 
group received only etiological standard therapy (supra- 
and sub-gingival scaling, root planing, professional 
brushing), without photo-activated disinfection.

The LED source used in this study was in the 
red spectrum (wavelength of 635nm, Denfotex UK) 
and a viscous solution of tolonium chloride 0.01mg/
ml provided by the manufacturer served as a photo-
sensitizer (Denfotex UK). We followed all the steps from 
the operatory protocol, according to the manufacturer’s 
recommendations. After the tooth isolation, the photo-
sensitizer was meticulously placed in the periodontal 
pockets, followed by a LED irradiation for 60 seconds. 
For the periodontal pockets with a depth higher than 
5 mm we used a special Perio-tip for the light source. 
During photo-activation we used protection goggles for 
the protection of the patient and of the medical staff.

The PAD therapy was repeated at 7, 14 and 21 days 
from the first session. The patients were recalled after 
2 months for re-assessment. The periodontal clinical 
parameters were also re-assessed. 

The baseline and data registered after 2 months were 
statistically analysed; for the statistical analysis we used 
the Microsoft Excel 2010 and PASW 18 Statistics soft-
wares.

Results and Discussion

All 72 subjects were divided in the study group 
(n=35) and the control group (n=37). There were 48 males 

The ideal photosensitizer should present the 
following properties: a high quantum yield of triplet state 
to obtain large concentrations of the activated drug; a high 
singlet oxygen quantum yield; high binding affinity for 
microorganisms; a broad spectrum of action; low binding 
affinity for mammalian cells to avoid the risk of photo-
destruction of host tissues; a low propensity for selecting 
resistant bacterial strains; a minimal risk of promoting 
mutagenic processes; and low chemical toxicity5.

Toluidine blue O (tolonium chloride) is a vital 
dye used for detecting the mucosal abnormalities of 
the uterine cervix and oral cavity and for demarcating 
the extent of the lesion before surgery3. Toluidine blue 
O (Fig. 1), which undergoes a pronounced cationic 
charge, can bind to the outer membrane of G-bacteria, 
penetrating the bacterial cells6. It has been demonstrated 
in vitro that toluidine blue O interacts with bacterial 
lipopolysaccharides, with a great photo-bactericidal 
effect7.

Figure 1. Chemical structure of the phenotiazine photosensitizer 
toluidine blue O: C15H16N3SCl (tolonium chloride, basic blue 17, 

blutene chloride and methylene blue T50 or T extra)

The purpose of our study was to assess the clinical 
efficiency of the adjunctive photodynamic therapy in 
the etiologic periodontal treatment, associated to classic 
mechanical bacterial plaque removal.

Materials and Method

The present study was conducted in the 
Periodontology Clinic of “Gr.T.Popa” University of 
Medicine and Pharmacy in Iaşi. The research methodology 
respected the international standard. The experiments were 
conducted according to the ethical directives of the Helsinki 
Declaration and the methods were certified for clinical and 
para-clinical use. Information and confirmation principles 
for research purposes were strictly respected; the signed 
informed consent for study inclusion was obtained from 
each patient.

We recruited 72 patients with chronic periodontitis, 
divided in 2 groups: the study group and the control 
group. The patients with periodontal therapy in the 
last 12 months or with antibiotic therapy in the last 6 
months, patients with inflammatory or infectious systemic 
diseases, patients taking various types of drugs, which can 
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be inactivating endotoxins, such as lipopolysaccharide, by 
decreasing their biological activity.

Conclusions

The photo-activated disinfection therapy of the 
periodontal pockets proves itself as a viable adjunctive 
method to the classical mechanical plaque removal in 
chronic periodontitis patients; the LED source is also less 
aggressive than the usual lasers, providing a safer and 
more accessible method; the association of toluidine blue 
O determines significant improvement of the periodontal 
clinical parameters (BOP, clinical attachment loss and 
pocket depths).
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and 24 females. The age of the subjects in the study group 
ranged between 31 and 75 years (with a mean value of 
47.3 ± 3.9 years) and in the control group, it was between 
36 and 68 years (with a mean value of 49.6 ± 2.8 years). 

After 2 months, we observed a significant 
improvement of the periodontal parameters. Decreased 
values for the probing depth and for the BOP were noticed 
for both groups, with higher differences for the study 
group than the control group. We also remarked a gain of 
periodontal clinical attachment, more significant for the 
study group. The clinical statistic results are presented in 
table 1.

Table 1. The changes of clinical parameters of the study and the 
control group 

Periodontal parameter Study group Control group P value

Bleeding on probing 
(BOP) - decrease

68% 53% p<0.03

Pocket depth 1.24 mm 0.57 mm p<0.05

Gain of clinical 
attachment 

0.37 mm 0.14 mm p<0.04

The results of our study support a series of published 
data reporting positive results of the photo-activation 
therapy. Improved results were observed in a study 
using PAD with methylene blue on chronic periodontitis 
patients8. The same favourable results were obtained in 
another study with LED PAD and phenothiazine chloride9.

Our re-evaluation results contradict other studies that 
did not observe a clear advantage of laser PAD in chronic 
periodontitis patients. A study conducted on patients 
with chronic periodontitis who received only one session 
of LED PAD and toluidine blue therapy did not reveal 
significant changes of the clinical parameters10. Another 
study demonstrated that PAD therapy reduces a series of 
clinical parameters but not the BOP, demonstrating a non-
significant diminishing of the inflammation degree11. The 
optimal parameters required for effective antimicrobial 
photodynamic therapy-induced killing of supra-gingival 
periodontal pathogens using the combination of different 
toluidine blue O concentrations and laser-irradiation 
energies were investigated and reported that diode laser 
irradiation at 12 J⁄cm2 with 1 mg⁄ml of toluidine blue O 
was the most effective option12. The differences between 
the various studies can be explained by the different study 
designs, by the different types of activation sources and by 
the high variety of photo-sensitizers.

It was also demonstrated in vitro that lipopo-
lysaccharide treated by photodynamic therapy did not 
stimulate the production of pro-inflammatory cytokines 
by mononuclear cells13; thus, photodynamic therapy may 
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SUMMARY
Aim: The purpose was to assess ergonomic risk level in dentistry, 

which may contribute to manifestation of musculoskeletal disorders (MSD).
Methods and Materials: The study included ten dentists, postgraduate 

students, mean age (33 ± 3.4). Participants were asked to perform 
typical dental examination in standing and sitting positions. The surface 
electromyography (EMG) was recorded during dental work from both left 
and right shoulder muscles: descendent trapezius muscle (T); back muscles: 
erector spinae muscle (ES); and neck muscles: sternocleidomastoid muscle 
(SCM) and splenius capitis muscle (SC). 

Results: High muscles forces, greater than 21% of the maximal 
voluntary contraction (MVC), which could be indicative of high risk, 
particularly occurred in muscles SC on both sides of the body in the sitting 
position. The medium risk level occurred in the same muscles on both sides 
in standing position. Left and right T muscles were under medium ergonomic 
risk level in both, sitting and standing working positions. SCM muscles on 
the left and right side of the body in both working positions were under low 
risk level, lower than 10% of the MVC. In sitting position, medium risk level 
occurred in ES muscles on both body sides, while in standing position the 
risk was low.  

Conclusion: Dentists are exposed to ergonomic risk. By combining 
both sitting and standing position the risk can be reduced. 
Keywords: Musculoskeletal disorders; Dentistry; Electromyography; Ergonomic risk
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Introduction

Musculoskeletal disorders (MSD) is an injury of the 
human support system of muscles, tendons, ligaments, 
joints, cartilages, nerves, blood vessels, or spinal discs. It 
has been demonstrated that MSD can occur from a single 
event, or can develop gradually from repeated trauma1.  
The aim of the ergonomic science is prevention and 
reduction of MSD.

Pains in certain parts of the body and impaired 
function that affect dentists are the results of cumulative 
micro trauma, which results from frequent, repeated and 
prolonged unhealthy body positions during operations. 
Literature suggests that there is a higher prevalence of 
musculoskeletal symptoms among dentists comparing to 
other occupational groups2-5. According to the prevalence 

studies, general musculoskeletal pain that affects dentists 
ranges between 64% and 93% 6, 7. MSD in dentistry 
can cause reduced productivity and even abandoning 
the profession8. The most prevalent regions for pain in 
dentists have been shown to be back (36.3-60.1%) and 
neck (19.8-85.0 %) areas9. Because of the narrow work 
area (patient’s oral cavity), it is very hard for the dentist to 
find the optimal body posture during their work. Working 
posture is the highest risk factor for development of 
MSD10. Dentists’ working posture has been an attractive 
topic for many researchers11-13. The appropriate posture 
should be functional, allowing the best way for dentists to 
perform their procedure14.

Many factors influence dentists’ working posture: 
working habit, attitude, anthropometric characteristics of 
dentists, working with or without dental assistant, type 
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In order to determine ergonomic risk level, and to 
provide possible recommendations of more desirable posture 
in quantified manner, we recorded electromyography (EMG) 
signals of some back, shoulder and neck muscles.

Material and Method

Participants
Ten healthy right-handed dentists (mean age 33±3.4) 

attending postgraduate studies, with minimum three years 
of work experience, who signed an informed consent, 
were included in the study. The study was approved 
by the Ethical Committee of the School of Dental 
Medicine, University of Belgrade (number 36/9). The 
inclusion criteria were no known motor deficiencies in 
the upper and lower back, and no history of inflammatory 
and degenerative rheumatic diseases. Demographic 
characteristics of the participants are given in table 1.

of dental procedure, etc. Suggestions about preferable 
position for dental work are changing together with the 
development of dentistry and dental equipment11.

Firstly, dentists usually used standing position 
during treatment. Since the development of four-
handed dentistry in the 1960’s, sitting position became 
the preferred one. Development of the sitting position 
in dentistry was an attempt to reduce discomfort 
and fatigue typical for dental work. However, the 
seated working position has not eliminated the risk 
for discomfort and musculoskeletal pain12, 13. Some 
dental procedures such as: taking impressions, register 
of occlusion and tooth extractions, frequently require 
standing position. Some authors still suggest standing 
as the most efficient position to reduce pressure in the 
back15. Optimal working positions are still disputable. 
In practice, dentists usually adopt whatever working 
position to access the oral cavity appropriately. 

Table 1. Subjects demographics. The preferable position refers to the position in which dentist preferably perform procedure. Years of 
work are presented as working experience of the dentists.

Subject ID Age Sex Height
[cm]

Weight 
[kg] Preferable position Dexterity Work experience

[years]
S1 29 Female 171 57 standing Yes 3
S2 32 Female 165 59 standing Yes 5
S3 32 Female 173 71 sitting Yes 4
S4 29 Female 170 62 standing Yes 4
S5 30 Male 185 90 standing Yes 2
S6 32 Female 163 60 standing Yes 5
S7 33 Male 183 95 sitting Yes 6
S8 34 Female 178 70 standing Yes 7
S9 40 Female 168 60 sitting Yes 14
S10 37 Female 177 72 sitting Yes 10

Instrumentation
The surface EMG were recorded from back muscle 

- erector spinae (ES), shoulder muscle - descendent 
trapezius (T), and neck muscles – sternocleidomastoid 
muscle (SCM) and splenius capitis (SC), as shown in 
figure 1. EMG electrodes were placed on the left and 
right sides of the body, following the SENIAM protocol16. 
Signals were acquired with AceLAB setup that included 
NI USB 6212 AD card (National Instruments, Inc., 
Austin, USA) with AD resolution of 16 bits. We used 
custom made acquisition software application made in 
LabVIEW (National Instruments, Inc., Austin, USA). The 
sample rate was set to 1000 samples per second. Block 
diagram of the measurement system and data processing is 
summarized in figure 2.

Figure 1. Photo impression of the experimental setup during one 
recording session.
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Procedure
Subjects were asked to perform typical dental 

examination on the patients in standing and sitting 
positions. Dental examination started from the upper right 
part of the patient’s mouth, then upper left, down left and 
finished at the down right side. All participants worked on 
the same dental chair (Jugodent Elektra 2000 G, Serbia). 
During work the dentists were positioned be tween the 9 
and 12 o’clock position rela tive to the patient. In standing 
position the dentists adopted symmetrical posture upright. 
In sitting position participants were placed on the ordinary 
therapeutical chair with lumbar support and horizontally 
placed seat. They were al lowed to adjust the seat to suit 
the pref erence. During dental procedure the dentists were 
video recorded using two cameras simultaneously.

Before starting dental examination, the MVC was 
determined for each investigated muscle according to the 
SENIAM protocol16. After the MVC test, participants 
were resting for 10 minutes, and then started dental 
procedure. 

Assessment of Risk Levels 
The established ranges from17 for ergonomics risk 

levels associated with muscle forces were:
 - from 0 to 10% of the MVC indicated “low risk”;
 - from 11 to 20% of the MVC indicated “medium risk”;
 - 21% or more of the MVC indicated “high risk”.

Results

One example of EMG signals recorded on 8 muscles 
on left and right sides during sitting and standing positions 
are given in figure 3.

Filtered and rectified EMG signals recorded on 8 
muscles on left and right side during sitting and standing 
positions are given in figure 4.

The average values of EMG amplitude normalized to 
MVC for all of the participants are calculated for sitting 
and standing positions and presented in table 2 and table 
3, respectively.

The results of left/right MVC ratio are averaged 
for all participants and presented in figure 5. The values 
of left/right ratio close to 1 indicated that the posture 
was ideally symmetrical; values higher or lower than 
1 indicated that one side of the body was more active 
during the examination. There were no significant 
differences between muscle activity of the left and right 
side of body.

Figure 2: Block diagram of instrumentation and data processing steps

Data Processing
EMG data are normalized to Maximal Voluntary 

Contraction (MVC), and expressed in percents of MVC 
values.

In order to estimate MVC based parameters: 
MVCindex

i,s (i =1, 2, 3, 4 for SC, T, ES, and SCM muscles, 
respectively, and s=1,…,10 for subjects with ID=1,…,10), 
we further averaged whole interval recorded during dental 
examination, and calculated standard deviations for each 
muscle SDindex

i,s (i =1, 2, 3, 4 for SC, T, ES, and SCM 
muscles, respectively, and s=1,…,10 for subjects with 
ID=1,…,10). The values close to 0% indicate that muscle 
is not activated during discrete time interval compared to 
MVC, and values near 100% indicate that the muscle is 
completely activated when compared to MVC.

The data analysis was performed in Matlab (The 
Mathworks, Natick, MA, USA). In order to assess 
changes between left and right side of the body, we 
calculated the ratio of MVCindex

i,s for muscles on the left 
and right side of the body. The results of left/right MVC 
ratio were averaged for all subjects and presented.
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Figure3. EMG signals recorded on subject with ID=1. The amplitude is presented in mV. Muscles shown are splenius capitis (SC), descendent 
trapezius (T), erector spinae (ES), and sternocleidomastoid muscle (M). EMG signals are shown from left, and right side and in sitting and standing 
positions. The time windows are referred with I, II, III, IV, and V. All time windows are 5 seconds long and present: I: 25-30s, II: 50-55s, III: 75-80s, 

IV: 100-105, V: 125-130s of overall recordings session.

Figure 4. Normalized RMS values calculated on filtered and rectified EMG data for 0.5 seconds long intervals. The amplitude is presented in percents 
of MVC. Muscles shown are splenius capitis (SC), trapezius descedens (T), erector spinae (ES), and sternocleidomastoideus (M). EMG signals are 
shown from left, and right side and in sitting and standing positions. The time windows are refered with I, II, III, IV, and V. All time windows are 5 

seconds long and present: I:25-30s, II:50-55s, III:75-80s, IV:100-105, V:125-130s of overall recordings session.
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Table 2. Averaged RMS parameters expressed in percents of MVC from left and right side in sitting position,  
and associated risk levels

SITTING POSITION

Side Left Right

Muscles SC T ES SCM SC T ES SCM

MVC (%) 31,3±30,7 13,4±7,6 13,0±14,2 6,3±4,1 24,9±21,0 18,7±10,5 11,2±10,3 5,9±3,7

Risk level High Medium Medium Low High Medium Medium Low

MVC: Maximal voluntary contraction
SD: Standard deviation

Table 3. Averaged RMS parameters expressed in percents of MVC from left and right side in standing position,  
and associated risk levels

STANDING POSITION

Side Left Right

Muscles SC T ES SCM SC T ES SCM

MVC (%) 13,1±14,5 10,6±5,7 5,9±6,8 5,1±3,6 11,8±10,9 14,4±9,2 5,3±3,9 5,4±4,2

Risk level Medium Medium Low Low Medium Medium Low Low

MVC: Maximal voluntary contraction
SD: Standard deviation

Figure 5. Bar plots for MVC relations of left and right muscles in all subjects in 2 positions (sitting and standing).
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Dentists often work in a non-neutral manner as a 
result of narrow work area (the oral cavity of the patient). 
Unnatural work posture among dentists is often necessary 
to gain good manual and visual access to part of the 
mouth and tooth surface12.

In the study of Milerad et al20, the muscular 
loads during work were studied in the descending 
part of trapezius muscle, as in our study, and also the 
infraspinatus muscle and the extensor-carpi-radialis 
muscle. All muscles were recorded from both sides. 
According to the results in that study, the trapezius 
muscles showed similar myoelectric activity on the right 
and left side, probably because of similar muscular static 
load on the both sides. The right extensor carpi radialis 
muscle had a significantly higher muscular load level than 
the left one, possibly due to stabilization demands on the 
dominant wrist during demanding precision work. The 
infraspinatus muscle had low activity level on both sides, 
reflecting that the dentists worked with a small degree of 
arm elevation and external rotation20. 

Finsen et al11 recorded trapezius and splenius 
muscles bilaterally. Study showed that muscle activity in 
the neck was also high, and that no significant differences 
were found in muscle activity, either between work 
operations or between right and left side. The lack of 
difference between the right and left side indicated that 
the work only includes very slight variation in work 
postures. 

In the study of Akesson et al25, EMG was used for 
recording the descending part of the upper trapezius 
muscle bilaterally, as well as, for recording the flexor and 
extensor muscles of the right forearm. They found higher 
load for the right trapezius, as compared with the left one, 
but the differences between the right and left trapezius 
were small during dental work. 

It was found that dentists who worked in the sitting 
posture had more severe low back pain than those who 
alternated between sitting and standing5. We found higher 
muscular load in sitting position. 

Non-physiological prolonged static postures reduce 
nutrition of disks and nuclei26.  Static muscle activity 
during dental work is factor with the most influence on 
development of MSD. During dynamic work a muscle 
contracts and relaxes rhythmically, which makes it act 
like a pump for the flow of blood in the blood vessels, 
allowing the blood to supply more oxygen and take away 
more lactic acid than during static work27. 

Conclusion

The postures of the back, shoulders and neck were 
primarily static. Dynamics working environment could 
be enabled by combining sitting and standing working 
posture. Recommendation for optimal working posture 

Discussion

Muscles chosen for the study are muscles from 
the anterior (SCM) and posterior sides (SC) of the neck, 
muscles from the lower back (ES) and shoulders (T). 
These muscles were selected because they provide an 
indication of muscle activity in the body parts that are 
most affected by the dentists’ MSD (low back, neck and 
shoulders)18. Back pain is a primary cause of occupational 
disability19. Since dental work has a direct impact on back 
posture, activities of ES muscles (back extensor muscles, 
which help maintain lumbar curve20) were measured in 
this study as well.

This study was the first one, according to author’s 
knowledge, were investigation of SCM muscles during 
dental work is done. Dental work requires high visual 
concentration, in that occasion function of SCM muscles 
have important role. SCM muscles contractions, lead to 
contraction of T muscles on the same side. Dental work 
has previously been shown to generate a relatively high 
mean load in the T muscles21, and the T muscles were 
selected because of its pathophysiological importance and 
its frequent use in evaluation of occupational loads22.

The SC muscles were chosen for the study, because 
these are superficial muscles, which are not directly 
influenced by the movements of the scapula, and, as 
well as the T muscles, are a common site of neck pain 
symptoms in dentists23.

High muscles forces in this research, greater than 21 
percent of MVC, which were accepted to be indicative 
of high risk, particularly occurred in muscles SC on 
both sides of the body in sitting position. The medium 
risk level occurred in the same muscles on both sides in 
standing position. Left and right T muscles in both, sitting 
and standing, working positions were under medium 
ergonomic risk level. SCM muscles on the left and right 
side of body in both working positions were under low 
risk level, lower than 10% of the MVC. In sitting position, 
medium risk level occurred in muscles ES on both body 
sides, while in standing position low risk level occurred in 
the same muscles. Amplitude of all EMG signals showed 
large variations between participants, which is probably 
individually determined by the adopted working habit.

Amplitudes of EMG signals from left and right side 
of body were quite similar. However, muscles from the 
left side of the body have mostly stabilization function, 
as all the participants in the study were right-handed. 
During the procedure, left hand is used as a support and 
for using the dental mirror to get an adequate view of 
the investigated regions of the mouth. The right side is 
active, performing precision tasks. Hsaio and Keyserling24 
suggested that the visual or manual target position has an 
influence on the posture of different body segments during 
work and that the persons adjust their posture in an effort 
to keep all parts of the body as close as possible to its 
neutral position. 
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should be given to dentists. It is important to recommend 
dentists to alternate their postures in order to prevent 
MSD. Dental ergonomics should be implemented in the 
educational system of dentists, what is consistent with 
other studies28-30.

Recommendations for future investigations are to 
measure muscular load during different dental procedures, 
to find out which specialists require highest muscular 
load, and to measure muscular load between different age 
groups of dentists. 
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SUMMARY
Fractures of the zygomaticomaxillary complex are the second most 

common of all facial fractures. Several fixation methods have been used 
over the years, including wire osteosynthesis, lag screw fixation, trans-
facial Kirschner wire fixation, titanium plate and screw fixation, and more 
recently, resorbable plating system. Internal fixation with titanium plates 
and screw provides the most rigid fixation and thus greater immobility of the 
fracture segments. The degree of immobilization created with titanium plates 
and screws also allows fixation at fewer anatomic points.
Keywords: Zygomatic complex, Fractures, Internal fixation
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Introduction

Low-energy injures typically result in minimal or 
non-comminuted fracture; however, high-energy injuries 
can cause extensive comminuting of the segment and 
fractures lines1,2. Fresh non-comminuted and minimally 
displaced fractures may be managed by reduction alone3,4.

Conceptually, the approach to fractures of the 
zygomaticomaxillary complex (ZMC) should depend on 
the stability of the fracture reduction. Old, displaced and 
minimally comminuted zygomaticomaxillary fractures 
are managed by open reduction and proper orientation of 
the ZMC in 3 dimensions3,4. Plate fixation is carried out 
at the zygomaticofrontal suture area, zygomaticomaxillary 
buttress, and the inferior orbital rim5.

High-energy injuries can result in fracture with 
significant comminuted interfaces and fragmentation 
of the supporting bony buttresses. These fractures 
tend to be unstable and thus require a certain degree 
of bony reconstruction of the zygoma and its 
supporting buttresses, orbit, or zygomatic arch6,7. 
Regardless of the approach or fixation pattern chosen, 
it is critical to understand that proper alignment of the 
zygomaticosphenoid suture and anatomic reduction of 
the zygomatic arch remain the most reliable indicators 
of proper reduction and orientation of the ZMC in 3 
dimensions1,2,4,5,8.

Clinical Examination and Case 
Report

Patients who sustain facial trauma should be evaluated 
according to the advanced trauma life-support protocol. 
Particular attention should be paid to concomitant 
maxillofacial injuries that may affect the airway, brain, 
and orbital contents2. The examination is conducted with 
a cervical spine precaution protocol since the incidence of 
cervical spine injuries in patients with facial trauma has 
been reported to be as high as 3%. The examination should 
be detailed and systematic and should include evaluation of 
the cranial nerves, eyes, ears, and scalp2. The face is then 
inspected and palpated for asymmetry caused by displaced 
fragments of the facial skeleton and for areas of oedema, 
ecchymosis, and lacerations, such as in the case of the 
patient presented here (Fig. 1).

Patients with non-displaced ZMC fractures 
may exhibit only signs of soft tissue injuries, such as 
ecchymosis and oedema overlying the fracture sites 
and conjunctivas haemorrhage9. Displaced fractures 
will generally cause ipsilateral facial flattening as a 
result of decreased anterior projection of the zygomatic 
body1,2. The zygomatic arch may be intact, fractured and 
depressed, or bowed out. 

Patients with glasses for correction of visual 
astigmatism should wear their glasses during the 
examination, if possible. An ophthalmology consultation 
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not uncommon to have concomitant maxillary fractures1,4. 
If they are missed or left untreated, appropriate reduction 
of the ZMC and restoration of bite will not be possible, 
which will lead to a poor outcome.

should be considered. Finally, an oral examination is also 
conducted and may show ecchymosis and crepitation at 
the zygomaticomaxillary interface. Dental occlusion and 
the integrity of the palate should also be evaluated. It is 

Figure 1. The face of the male patient, 38-year-old, with the right ZMC fracture.   
(a) appearance of the right side on examination, (b) appearance of the left (healthy) side

a b

A cervical spine series should be obtained, depending 
on the degree of comminuting and stability of the ZMC, 
and the presence of other associated fractures. It is 
recommended that surgery be delayed until the majority 
of the facial oedema and conjunctival ecchymosis has 
resolved. OPG, CT (Fig. 2) and 3D reconstruction are 
very helpful10.

Figure 2. Computer tomography of the patient     

Management
Non-displaced fractures confirmed by CT are 

managed non-surgically and by serious observation. 
Analgesics, antibiotics, and decongestants are prescribed, 
and patient should be advised to restrict the diet to liquids 
or soft foods, as to reduce the possibility of fracture 
displacement by the masseter muscle. The patient should 
be monitored closely, and if fracture displacement and 
facial deformity develop, open reduction with internal 
fixation with mini plates is indicated.

The vast majority of poor outcomes are associated 
with the management of displaced ZMC fractures, 
resulting from inadequate treatment. Insufficient exposure 
and reduction of the ZMC fragment and failure to 
restore orbital volume result in facial asymmetry and 
exophthalmos. Usually, these problems are noticed weeks 
after surgical treatment. For these reasons displaced 
fractures are best managed by open reduction and fixation 
at 2 to 3 points (Fig. 3). In the absence of comminuting 
or instability at the zygomatic arch, reduction under direct 
visualization plus fixation at the zygomaticofrontal suture, 
zygomaticomaxillary buttress, and inferior orbital rim 
remains the best treatment option. After the reduction, 
facial symmetry is immediately obtained (Fig. 4).
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Figure 3. Fixation of fragments during open reduction

Figure 4. The right side of the face immediately after operation 

Treatment of complex fractures of the ZMC, if 
comminuted and unstable, is different from the open 
reduction and fixation of non-comminuted fractures. 
These fractures may occur isolated or in combination 
with severe frontal bone and Le Fort fractures. The 
critical concept here is that a fourth point of fixation at the 
zygomatic arch or reconstruction of the arch itself may be 
necessary for stability when there is comminuting at the 
zygomaticomaxillary buttress or orbital rim.

Isolated fractures of the zygomatic arch, body, or 
frontal process, depending on the nature of the traumatic 
event, may also occur. Zygomatic arch fractures are 
common and are usually treated by open reduction via 
trans-oral or trans-cutaneous approach by Gillies.

Postoperative Care
As soon as awakened from anaesthesia, patients are 

evaluated for the presence of vision and the pupils are 
evaluated for size and reactivity. Postoperative CT scans 

are generally recommended for all complex cases10. Many 
patients will have a transient or permanent postoperative 
infra orbital nerve sensory deficit11. The reported 
incidence of an immediate postoperative sensory deficit 
approximates 55%, whereas that of a permanent deficit 
ranges between 15% and 46%. The current literature 
suggests that the incidence of infra orbital nerve sensory 
deficits is related to the degree of fracture displacement. 
The literature further suggests that fracture reduction 
within the first week after injury will reduce the incidence 
of a permanent sensory deficit.
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SUMMARY
Objective(s): Peripheral giant cell granuloma (PGCG) is a reactive, 

proliferative, exophytic lesion developing on the gingiva and alveolar ridge, 
originating from the periosteum or periodontal membrane. The lesion 
develops mostly in adults, commonly in the lower jaw, with slight female 
predilection although is uncommon in children.

Cases Report: Two boys, 11 and 8-years-old respectively, otherwise 
healthy, presented with gingival exophytic lesions in our clinic. In the first 
case the lesion was located in the right maxilla and appeared 4 months 
ago, whereas in the second case the fast growing lesion was located in 
the mandible and appeared 2 months ago. The lesions were red-blue 
enlargements, irregular and elliptical in shape respectively, soft to firm on 
palpation. Based on clinical examination, the initial diagnosis was assumed 
to be a type of reactive hyperplasia. OPG and CBCT showed no evidence 
of bone pathology. Blood, biochemical and hormonal investigations 
were within the normal values. Both lesions were surgically removed and 
histological examination established the diagnosis of PGCG. 4 consecutive 
follow ups have been done, with no evidence of recurrence.

Conclusion: This uncommon lesion in children should be included in 
the differential diagnosis of reactive hyperplasia. The treatment of PGCG 
comprises surgical resection, along with suppression of the underlying 
etiologic factors.
Keywords: Peripheral Giant Cell Granuloma; Dental Treatment; Giant Cell Epulis
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Introduction

Peripheral giant cell granuloma (PGCG) is 
categorized as a reactive hyperplastic lesion. It is one 
of the most common giant cell lesions of the jaws1. It 
originates from connective tissue of the periodontal 
membrane and the periosteum due to a chronic trauma 
or irritation2,3. Chronic trauma is capable to induce 
inflammatory phenomena, which are characterized by the 
presence of inflammatory cells, formation of granulation 
tissue and tissue overgrowth. The lesion has an exophytic 
and proliferative appearance, due to the reparatory 
processes that take place, but it is not a neoplasm. Some 
of the possible causes may be ill-fitting restorations 
and dentures, plaque, calculus, food impaction, tooth 
extraction, tooth fracture, chronic trauma and orthodontic 

appliances4,5. However, there are cases where the 
responsible factor cannot be diagnosed. 

Clinically, PGCG manifests as a firm, soft nodule, 
usually with ulcerated surface. The colour of the lesion 
ranges from red to purple or blue. The mean diameter 
of the lesion, typically located in the interdental papilla, 
the gingival level or the alveolar margin of the premolars 
or molars of the mandible, is 1-2cm6. The patient may 
complain of pain caused by repeated trauma, although 
lesion is usually painless. Radiographically, there are 
no changes in the underlining bone; however, lesions 
of great diameter are able to cause superficial erosions. 
Histologically, many multinucleated giant cells are 
present in a cellular and vascular stroma. The epithelium 
has a squamous structure and the connective tissue is 
characterized by inflammatory infiltration and small blood 
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families for the case presentations. The chief complaint 
was the appearance of a fast growing exophytic lesion. 
In the first case, the lesion was located in the upper right 
maxillary region, which appeared 4 months ago. The 
intraoral examination identified a red-blue exophytic 
lesion from #14-17, measuring  3 x 1.5 cm in size, 
irregular in shape, soft consistency and slightly painful 
on palpation (Fig. 1). In the second case, the lesion 
was located in the mandible, which appeared 2 months 
ago. The clinical examination showed a painless red 
enlargement between teeth #31 and #32, which moved 
the teeth apart (Fig. 2). The lesion was elliptical in shape 
(maximum diameter of 1.5 cm), smooth and firm on 
palpation. The radiographic examination of both lesions 
with conventional panoramic radiograph (OPG) and cone 
beam computerized tomography (CBCT) showed no signs 
of the bone involvement (Figs. 3 and 4). 

vessels7. The treatment of choice consists of surgical 
excision with careful removal of the entire lesion to avoid 
a recurrence8. Most of the affected patients are the adults, 
in their fourth to sixth decade of life, whereas a few cases 
have been reported to occur in children, which involved 
more aggressive lesions, . 

This article describes clinical presentation, diagnostic 
sequence and the management of 2 cases of the PGCG in 
children.

Patient Presentation

2 boys, 11 and 8-years-old respectively, with non-
contributory medical history were referred to our Clinic. 
An informed consent was obtained from the patients’ 

Figure 1. Patient 1. The initial clinical appearance of the lesion in the 
maxilla

Figure 2. Patient 2. A PGCG presented as a painless red enlargement 
between teeth #31 and 32, moving the teeth apart

Figure 3. Panoramic radiographs of both patients, showing no evidence of bone involvement (patient 1 - left; patient 2 - right)

The selected treatment for both cases was the 
total surgical excision of the lesions, and in case 1, the 
deciduous tooth #55 was removed. Briefly, the lesions 
were surgically removed under local anaesthesia using 
initially steel scalpel for the resection, to preserve 
intact  borders of the specimens for histological 
examination. Afterwards, electro-surgery device was 

utilized to minimize bleeding, and extensive curettage 
was performed with the exposure of  the bone walls. 
The surgical area was covered by periodontal/surgical 
dressing in order to protect the surgical wound, which 
was removed after 2 days. Chlorhexidine gel was 
prescribed and the immediate postoperative period was 
uneventful. 
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Histological examination of the specimens 
was performed to establish the precise diagnosis. 
The additional blood, biochemical and hormone 
analysis, conducted in order to exclude the possibility 
of hyperparathyroidism, were within the normal 
values. The microscopic examination of the lesions 
revealed hyperplastic granulation tissue, capillaries 
and proliferation of multinucleated giant cells within 
haemorrhagic background. Adjacent acute and chronic 
inflammatory cells were also present (Fig. 5). The final 
diagnosis, based on the histological findings in both cases, 
was PGCG. 

4 consecutive follow-ups have been done in a 
period of 2 years. The healing progress in both cases was 
satisfactory, and no evidence of recurrence was observed. 
At the final follow-up, there was no sign of pathology 
or recurrence and in the case 1 the permanent successor 
(#15) erupted normally (Fig. 6). Concerning the case 2, 
the patient was referred for orthodontic consultation. 

Figure 4. 3-dimensional CBCT of the area (patient 1) showing no signs 
of bone involvement after the removal of the deciduous tooth (#55)

Figure 5. Histological appearance of the PGCG lesion (in various magnifications) showing features of hyperplastic granulation tissue, the presence 
of acute and chronic inflammatory cells, capillaries, and proliferation of multinucleated giant cells within haemorrhagic background (H&E stain x20)

Figure 6. Clinical appearance of patient 1 in the final follow-up, 
showing no signs of pathology

Discussion

PGCG is a benign exophytic lesion, but not a true 
neoplasm. The etiologic factors are not yet clear. However, 
the main pathogenic mechanism of the PGCG is the 
prolonged repairing process due to chronic inflammation 
or trauma. According to the literature, the PGCG mostly 
appear in the fourth decade of life. The PGCG is very rare 
in children, as it has been suggested and confirmed by 
various studies3,9,10. In the paediatric reports, the frequency 
of PGCGs, ranged from 1% to 17% of all oral lesions11, 
whereas the Greek report accounted  7% of the PGCGs 
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Conclusion

PGCG usually is not an aggressive lesion. 
However, the early detection and accurate diagnosis, 
based on clinical and radiographic findings as well as 
the histological examination, are essential in order to 
reduce dento-alveolar complications, such as bone loss or 
displacement of the dental germ.
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in their study population12. There is no consensus in the 
literature about the sex prevalence. There are studies in 
which the females are affected more13, while in others the 
males are affected slightly more frequently14, or the ratios 
are equal10. The most common location of the PGCG is the 
mandible, in the areas posterior teeth to canines15.

The consistency of the lesion tends to be soft due to 
maturation process that changes the soft lesions to firm16. 
It is characterized as aggressive lesion, with the high rate 
of relapse and bone absorption of the interproximal crest 
area3,17. Children with the hypophosphatemic rickets 
(subclinical hyperparathyroidism) are high risk patients to 
develop the PGCG, since this condition can be influenced 
by sex hormones. The giant cells are potential target for 
the oestrogen action. The lesions that are developed 
imitate peripheral lesions and are called brown tumours. 
Histologically, the brown tumours cannot be distinguished 
from the giant cell lesions10. Consequently, when a lesion 
cannot be distinguished as arising in a peripheral or 
central location, the patient should be further evaluated 
to rule out the hyperparathyroidism18. In our cases, the 
hormone levels and the other haematological findings 
of the patients were within the normal range, so the 
possibility of a brown tumour was excluded.

The clinical differential diagnosis of the PGCG 
includes pyogenic granuloma, fibrous epulis, peripheral 
ossifying fibroma, inflammatory fibrous hyperplasia, 
peripheral odontogenic fibroma, cavernous haemangioma 
and papilloma1. The histological examination of the 
resected tissue is necessary to confirm the definitive 
diagnosis. Finally, the differential diagnosis from the 
central giant cell granuloma is very important and 
it’s set by radiographic findings. The central giant 
cell granuloma is located inside the bone and is more 
aggressive condition with a different treatment1.  In our 
cases, the differential diagnosis from the central giant cell 
granuloma was given after the radiographic examination, 
since the bone involvement wasn’t evident. 

The treatment of the PGCG consists of surgical 
excision with elimination of the lesion from the entire 
base, its aggressive curettage, followed by the removal of 
possible etiologic factors. However, recurrence rate ranges 
from 1.4% to 22%18. In our first case, the lesion was 
surgically removed along with the primary tooth. 

The presented cases showed a proper management 
of PGCGs in children. Early diagnosis and the 
differential diagnosis from other conditions using clinical, 
radiographic, histological and biochemical findings were 
essential for the treatment plan. Finally, there were no 
signs of pathology, nor alveolar complications, especially 
in case 1 where the eruption of the permanent tooth was 
successful.
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SUMMARY
Inferior alveolar nerve injury is one of the most serious complications 

of mandibular molar surgery and may lead to litigation for mal-practice. 
Entrapment of the inferior alveolar nerve to roots of an impacted 
mandibular molars is extremely rare. The aim of this case report is to stress 
the importance of tooth multi-sectioning with the use of magnification for 
the safe removal of a deeply impacted second molar with entrapment of the 
inferior alveolar nerve in its proximal root.
Keywords:  Impacted Lower Molar; Inferior Alveolar Nerve; Entrapment; Magnification
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Tooth Multi-Sectioning with the Use of Magnification, 
for Extraction of a Deeply Impacted Lower Second 
Molar with Entrapment of the Inferior Alveolar Nerve: 
Report of a Case
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Introduction

Injuries to the inferior alveolar nerve can occur 
during major maxillofacial operations or dentoalveolar 
surgery. The latter includes extraction of the mandibular 
third molar, dental implant placement, and apicectomies 
or endodontic treatment of the mandibular molars or 
premolars1-3. Inferior alveolar nerve (IAN) injury is one 
of the most serious complications of mandibular molar 
surgery, which may affect the quality of the patient’s life 
and may cause the litigation for mal-practice4. Permanent 
injury to the IAN is estimated between 0.4-23%1,5,6.

Suspect radiographic signs of the IAN proximity 
to the roots of an impacted mandibular third molar have 
been described in the past, and they are well known 
by oral and maxillofacial surgeons. Diversion of the 
inferior alveolar canal, interruption of the mandibular 
canal and darkening of the root of the impacted molar 
are the most striking radiological signs associated with 
possibility of IAN damage7,8. In these cases, a further 
radiological examination with cone beam computed 
tomography (CBCT) may be recommended to justify the 
relation of the roots of the impacted tooth to the IAN in 
3-dimensional view9. Even though CBCT is not more 
accurate in predicting exposure of the IAN during third 
molar surgery, it still helps to elucidate the precise bucco-

lingual relation of the IAN to the roots of the impacted 
teeth10.

Entrapment of the IAN by roots of an impacted 
mandibular molar is an extremely rare occurrence and 
few well documented cases have been presented in the 
literature11-14. This situation usually affects impacted third 
molars and rarely partially erupted third molars15. 

The aim of our study is to stress the importance of 
tooth multi-sectioning with the use of magnification for 
the safe removal of a deeply impacted second molar with 
entrapment of the IAN by its proximal root, and to review 
the literature. 

Report of a Case
 
In August 2010, a 19-year-old male was referred 

to our clinic by his orthodontist for removal of a deeply 
impacted lower second molar. The panoramic x-ray 
showed a second molar in vertical position, near to the 
lower edge of the mandible, along the course of the IAN 
(Fig. 1). A DentaScan was performed to delineate the 
relation between the impacted tooth and the IAN. The 
examination revealed that the inferior neurovascular 
bundle ran through the proximal root, at its apical end 
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performed and after raising of the mucoperiosteal flap, 
a buccal ostectomy exposed the crown of the tooth until 
its bifurcation, like presented at the schema (Fig. 3A). 
The crown was sectioned horizontally and was removed 
to make room for better access to the roots (Fig. 3B). The 
next surgical step was performed with the use of loupes 
magnification (5X) which was of utmost importance in 
order to micro-dissect and divide the proximal from the 
distal root of the molar (Fig. 3C). With gentle luxation, 
the distal root was removed, leaving a wider operative 
field (Fig. 3D). The IAN was recognized to run through a 
hole of the proximal root. At this stage, as the connection 
between the proximal root and the nerve was clearly 
defined, the root was cut under magnification and was 
intentionally fractured into 2 pieces (Fig. 3E). The upper 
and smaller part of the root fragment was gently removed, 
leaving the lower, bigger part attached to the nerve (Fig. 
3F). Then, always under magnification, the remaining part 
of the proximal root was cautiously mobilized and freed 
from the neurovascular bundle, leaving it intact (Figs. 4 
and 5).  

Figure 3A. Buccal osteotomy to expose the crown of the impacted tooth

Figure 3B. Sectioning of the crown of the tooth

(Fig. 2). The patient was informed about this situation and 
about the possibility of nerve damage and he consented to 
the removal of the tooth. 

Figure 1. Panoramic X-ray showing a deeply impacted second molar

Figure 2. DentaScan in the region of the impacted tooth, where the 
entrapment of the inferior neurovascular bundle between the roots of the 

impacted molar is depicted

The operation was performed under local block 
anaesthesia of the IAN using mepivacaine and local 
infiltration around the impacted molar with lignospan 
(containing adrenaline). A classic trapezoid flap was 
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Figure 3D. Removal of the distal rootFigure 3C. Separation the proximal from the distal root

Figure 3E. Separation of the proximal root in two segments Figure 3F. Removal of the small upper fragment

Figure 4. The surgical field after tooth removal, where the inferior 
alveolar neurovascular bundle can be seen

Figure 5. The fragment of the root depicting the hole through which the 
neurovascular bundle ran
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risk during surgery10. Although a CT scan may be more 
accurate than panoramic radiography, it is not routinely 
used as for preoperative third molar diagnosis17.

The close relation between the roots of the 
third molar and the IAN led some authors to propose 
coronectomy as an alternative to the standard third molar 
surgery, to avoid possible nerve disturbances during tooth 
extraction18. Even though this technique theoretically 
prevents nerve damage, it was criticized in the past 
because the necrotic pulp was considered responsible for 
periapical or orofacial infections19. Coronectomy also 
carries the risk of subsequent complications if the need 
for the removal of any remaining part of the tooth arises13.  
Especially in cases with nerve entrapment, coronectomy 
carries the risk of neurovascular bundle transposition to 
the direction of the oral cavity, as the tension of eruption 
of the remaining root still exists20.

There is a wide range of techniques for the removal 
of impacted molars entrapping the IAN. Some of them 
include minor modifications of the well-known standard 
surgical procedures performed for third molar surgery12-14. 
Some authors propose buccal corticotomy for the removal 
of the deeply impacted mandibular molars21, while other 
surgeons propose major surgical operation, like vertical 
ramus osteotomy, to safely remove the impacted tooth23. 

In our opinion, the initial step to avoid permanent 
nerve damage is recognition of suspected cases and 
thorough information to the patient about the risk of the 
IAN injury. The next step is exact delineation of tooth-
nerve relation, by computer tomography or CBCT. The 
standard surgical approach, with minor modifications, is a 
minimally invasive procedure to safely remove impacted 
molars engaging the inferior alveolar neurovascular 
bundle.

Impacted tooth sectioning, not only in 2 but in 
multiple pieces, as was done in our case, is helpful, as it 
expands the surgical field near the neurovascular bundle. 
The addition of loupes magnification (5X), in our opinion, 
is the second most important  modification for the safe 
removal of the deeply impacted mandibular molar in 
order  to retain  the integrity of the inferior alveolar 
neurovascular bundle.
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The postoperative course was uneventful, with the 
exception of an episode of inflammatory swelling, 15 days 
after extraction, which subsided with a short course of 
antibiotics. Postoperative hypoesthesia of the ipsilateral site 
of the lower lip subsided completely 4 months later, and the 
patient remains free of symptoms to this day (Fig. 6).

Figure 6. Postoperative panoramic X-ray showing the area of tooth 
extraction

Discussion 

Even though thoroughly studied and reviewed, the 
issue of impacted molar surgery still remains of central 
concern for oral surgery. The great number of impacted 
tooth removals, the close relation to important anatomic 
structures and the possibility of third molar surgery 
complications associated with psychosocial issues, which 
may affect the quality of the patient’s life with long term 
complications16, represent popular topics for discussion 
among surgeons.  

The roots of the impacted mandibular molar, 
especially the third molar, are sometimes in close 
proximity to the IAN. The roots of the deeply impacted 
teeth may show a groove on their surface, or may be 
bent by the pressure of the inferior alveolar nerve or, in 
extremely rare cases, the content of the mandibular canal 
may be entrapped between the roots of impacted tooth14. 
How the nerve becomes entrapped between the roots is 
unknown, but a possible explanation is the high dynamic 
potential of the odontogenic epithelium of the root that is 
developed near the inferior alveolar nerve15. 

The close relation of the impacted tooth to the IAN 
and of tooth movement to the occlusal plane, explains 
the divergence or loop of the nerve as seen in plain 
radiographs, a fact which necessitates a more detailed 
imaging to be identified. Suspect radiographic signs which 
demonstrate a close relation of an impacted molar to the 
IAN, can be identified on panoramic x-ray. However, 
even though CBCT is not more accurate in predicting IAN 
exposure during tooth removal, it can still elucidate the 
exact relationship of the tooth root to the neurovascular 
bundle, in order to identify the cases where the IAN is at 
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SUMMARY
Osteoradionecrosis (ORN) of the jaws is a serious complication of 

radiotherapy of head and neck malignancies. Different assumptions about 
its occurring, risk factors and possible therapeutical modalities exist, but the 
clinical outcome of such patients is still not on the desired level. This article 
presents a clinical case of ORN of the mandible, occurring with exposed 
and infected bone, necrotic process that extended through all the mandible 
body, as well as cutaneous fistula. The first site of ORN was detected 2 years 
after radiotherapy for oral cancer, with the second one detected 3 and a half 
years after radiotherapy. In both, the reason for exposing the bone was local 
trauma due to tooth extraction. Due to the stage of the condition, a decision 
for surgical treatment accompanied with antibiotics was made.

It is very important and critical for irradiated patients and patients 
with osteoradionecrosis to perform appropriate oral hygiene and frequent 
dental checks. Establishing protocols for prevention and treatment, but 
involving some new strategies regarding to this condition, are strongly 
recommended.
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Introduction 

Osteoradionecrosis (ORN) of the jaws is a 
serious complication of radiotherapy of head and neck 
malignancies. It is clinically defined as exposed and 
necrotic bone associated with ulcerated or necrotic 
surrounding soft tissue, which persists for more than 3 
months in an area that had been previously irradiated 
(not caused by tumour recurrence)1,2. The radiation dose 
between 60 and 72 Grays has an effect on the endothelial 
linings of the blood vessels, causing vasculitis and 
endarteritis, which lead to ischemia and hypoxia due 
to hypovascularity3,4. Hypocellular and fibroatrophic 
component is suggested by some authors as well5. ORN 
occurs predominantly in the lower jaw, commonly in 
the buccal cortices of lateral site6,7. The most important 
inducing factor is surgical trauma, commonly a dental 
extraction. Other trauma, mechanical injuries, poor dental 
status etc. can induce the necrosis as well1-10. Sometimes, 
in less than 10%, ORN occurs spontaneously11. Some 
systemic and chronic diseases (diabetes, cardiovascular 

diseases) and bad habits (smoking, alcohol consuming) 
can worsen the condition6,9,10. The wound that appear 
after the trauma is failing to heal, so tissue breakdown and 
necrosis occur.

The most common clinical signs and symptoms 
of ORN are: pain, swelling, bone exposing, secondary 
infection, fistula occurring and bone loss. If not treated, 
the condition usually worsens. Depending on clinical 
presentation, ORN can be classified in 3 classes 
(stages)12: First stage includes patients with ORN limited 
to dento-alveolar segment; second stage of ORN is limited 
to dento-alveolar bone or the mandible, not crossing 
the mandibular canal; third stage includes the most 
complicated cases in whom ORN involves the mandible 
above the mandibular canal or it is presented with 
pathological fracture or skin fistula.

The prevalence of ORN in those with cancer of 
the head and neck is around 7.4% after conventional 
radiotherapy, 5.1% after intensity-modulated radiotherapy 
(IMRT), and 6.8% after chemo-radiotherapy14. 
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 Figure 1. Exposed bone tissue can be seen in the left mandibular area, 
1.5 years after surgical treatment of the osteoradinecrosis. No signs of 

infection are present. A poor dental status can be noticed 

Figure 2. The patient came again to the Clinic in January 2014. An 
asymmetry on the right side of the face in the mandibular area is seen, 

because of the swelling of the tissue

 

Figure 3. A cutaneous fistula is seen in the right mandibular area, 
indicating drainage of the purulent exudates from the inside 

There are number of studies that offer preventive 
protocols against ORN. It is suggested that all necessary 
tooth-extractions should be done 3 weeks before 
radiotherapy to prevent ORN8. Also, it is suggested that 
the risk of ORN is getting lower a year after radiotherapy. 
However, there are reported cases with ORN that occurred 
even after 10 years. Despite advances in the dosage and 
fractionation of radiation used to treat cancer of the head 
and neck, ORN remains difficult to manage13.

This article presents a patient with ORN that 
occurred 2 and 3.5 years after radiotherapy, in both sides 
of the mandible. Tooth extractions were the inducing 
factor. The ORN could be classified in the third class due 
to pathologic fracture and skin fistulas. The purpose of 
this case report was to review clinical characteristics of 
ORN, inducing and risk factors, options for management 
and, most important, the possible measures for preventing 
this condition.

Presentation of the Patient

This article presents a case of ORN of the mandible 
in a 54-year old male patient, treated in the Clinic for 
surgery of face, jaws and neck in Skopje. The disease 
occurred 2 times, in 2 different sites of the lower jaw. 
The patient was diagnosed with squamous cell carcinoma 
of the tongue, with an indication for surgical treatment. 
No systemic disease or chronic conditions were present. 
Necessary pre-operative tooth-extraction was done. 
Surgery was done 3 months after detecting the carcinoma. 
Because of the risk of occurring neck metastases, a neck 
dissection was done as well. The patient received 5 doses 
of radiation therapy in the Institute for Radiotherapy and 
Oncology in Skopje. Regarding the planned protocol, he 
received 1 dose that lasted 3 minutes, and 4 doses that 
lasted 2 minutes. Because of the metastatic findings, 
radiation was combined with 7-week-long chemotherapy, 
1 dose per week. 

2 years after radiotherapy, the patient showed up 
in the Clinic, complaining on bleeding and pain in the 
left area of the lower jaw, which started a week before 
his appointment. The clinical examination showed 
bone exposure and necrotic bone in the premolar and 
molar region. Residual radix of the previous extraction 
was detected. A diagnose of osteoradionecrosis due to 
mechanical trauma of residual radix was set. Panoramic 
X-ray showed radiolucency and sequestration which 
indicated lysis and necrosis of the bone. Conservative 
treatment with irrigation and local debridement was 
performed, but it was not successful. A surgical treatment 
was done, with removing the sequestra of necrotic bone 
(sequestrectomy). The outcome was good, with no signs 
of infection, but with exposed bone tissue (Figs. 1 and 4b).
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Figure 7. The whole necrotic bone tissue is removed. At the edges there 
can be seen blood vessels (arrows) indicating a good vascularisation of 

healthy bone

 
Figure 8. A metal lamina for fixation in situ

3.5 years after radiotherapy and 1.5 year after the 
firstly detected ORN, the patient came to the Clinic 
with signs and symptoms of pain, swelling, asymmetry 
and cutaneous fistula in the right area of the lower jaw 
(Figs. 2,3). Anamnestic investigation gave us evidence 
of extraction of the lower left molar by his personal 
dentist, a month before patient presented in the Clinic. He 
complained of pain, swelling with purulent exudate and 
inability of wound healing. Radiographic investigation 
showed extensive radiolucency and bone sequestration 
in the right mandibular area that involved the mandibular 
canal and lower mandibular edge, with a pathological 
fracture (Fig. 4a). The patient was again diagnosed with 
ORN; however, due to the seriousness of the condition, 
surgical treatment was indicated. Intraoperatively, necrotic 
bone tissue with no vascularisation was found (Fig. 5). 
Resection of the mandible followed by osteosynthesis with 
metal lamina was performed (Figs. 6-8). Fistulectomy was 

Figure 4. X-ray of the patient, January 2014. Extensive radiolucency and 
bone sequestration in right mandibular area that involve the mandibular 
canal and lower mandibular edge, with a pathological fracture can be 
seen (a). In the left mandibular area there are no signs of worsening of 

the previously diagnosed osteoradionecrosis in 2011 (b)

 

Figure 5. Intraoperative look of osteoradionecrosis in our patient. 
Necrotic bone tissue (arrows) can clearly be distinguished from the 

health tissue

 
Figure 6. Surgical removing of necrotic bone tissue
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This protocol is strongly recommended especially in 
patients with refractory and class 3 osteoradionecrosis. 
It can be used in prevention of developing ORN if tooth 
extraction is necessary. 

Conservative, surgical and treatment with HBO often 
requires additional antibiotic treatment, especially when 
bacterial infection has occurred.

Recent studies have shown that incidence the ORN 
decreased to be lower than 5% and have attributed the 
phenomenon to the improved dental preventive care and 
improved radiation techniques, such as 3-dimensional 
conformal RT and IMRT16-18. The risk of developing 
ORN can be minimized by using IMRT, which 
unfortunately was not available for our patient. By using 
IMRT, only a small partial volume of the mandible is 
exposed to high radiation doses19. 

Some systemic and chronic diseases and conditions 
can boost ORN. These risk factors include diabetes 
mellitus, cardiovascular disease and every condition 
that affects the immunological capacity of the patient. 
Smoking and frequent taking of alcoholic drinks highly 
favour developing of ORN20-22. The patient we reported 
here showed no additional risk factors (systemic diseases 
or bad habits) except the combined chemotherapy, but 
a poor dental status was evident (Fig. 1). It is strongly 
recommended for all patients undergoing radiotherapy 
of head and neck malignancies to keep the teeth in good 
condition. If there is indication for extraction, it should 
be done before radiotherapy. Education and motivation of 
these patients to keep oral health as better as possible play 
a big role in preventing ORN.

PENTOCLO therapy is another proposed treatment 
modality. It is based on the concept of antioxidant 
and anti-fibrotic treatment of fibro-atrophy23. The 
PENTOCLO combination is initiated to reduce the 
already constituted fibrotic process (pentoxifylline-
vitamin E combination), reduce bone destruction 
(clodronate) and stimulate healing. Medical treatment 
by PENTOCLO appears to be an effective, inexpensive 
treatment that is almost devoid of adverse effects24.

Surgical approaches such as small sequesters 
removal and debridement of superficial bone until 
bleeding occurs are regarded in many studies as 
conservative management. In advanced or refractory 
cases of ORN, surgical treatment, including microvascular 
reconstructive techniques for bone and soft tissue, remains 
the only option available25.

Conclusion 

This case report shows that it is very important 
and critical for irradiated patients and patients with 
osteoradionecrosis to perform appropriate oral hygiene 
and frequent dental checks. The additional risk factors, 

done as well. Antibiotic of cephalosporin’s third generation 
- ceftriaxone was administrated. The control check in 
March 2014 showed a good outcome, without exposed 
bone and any signs of infection.

Discussion 

Osteoradionecrosis is a disease that needs great 
attention and a multidisciplinary collaboration, which 
involves the patient, general dentists, specialist in 
maxillofacial surgery and specialist in oncology and 
radiotherapy. Our case was diagnosed as a third class of 
ORN in the right mandibular area, which means that bone 
was extensively necrotic, causing a pathological fracture. 
In the both sites of the mandible ORN was induced 
by local trauma after tooth extraction. Although not 
mentioned earlier, the patient had a tooth extraction in the 
upper jaw as well, and it healed slowly, but successfully, 
with no evidence of necrotic bone. The mandible is 
common site for developing ORN because of its structure 
and vascularisation manner. Its density is much higher 
than that of the upper jaw. Consequently, it absorbs more 
photons during radiation, which leads to pathological 
vascular changes. It is the best explanation why the 
mandible is more susceptible to ORN than the maxilla. 
Once occurred, necrosis is getting worse with time if not 
treated. Microorganisms are not of the major role, but 
secondary infection is a common complication that leads 
to serious osteomyelitis. 

If conservative treatment has not succeeded, a 
surgical approach is suggested. It is the only option 
in patients with late stage of ORN. The extension of 
surgical removing of bone tissue depends of the severity 
of necrosis. However, removing of all necrotic tissue is 
strongly recommended. The part of the bone that shows 
signs of bleeding and appropriate vascularisation points 
out healthy bone tissue (Fig. 7). A complete removing of 
the fistulous tract is recommended as well. If there is a 
huge bone loss after surgery, a reconstruction with some 
graft materials can be done. In our case, osteosynthesis 
with metal lamina (fixating plane) was done, without bone 
reconstruction.

Hyperbaric oxygen (HBO) treatment is also one 
of the strongly recommended treatment options for 
ORN15. As major pathogenic feature of ORN is hypo-
vascularization and hypoxia, the HBO plays an important 
role in re-oxygenation of the tissue. A great number 
of literature data demonstrates benefits of HBO in the 
treatment of ORN. Most used manner of HBO treatment 
is the Marx’s protocol, which means that the patient 
should receive HBO of 30 sessions before and 10 sessions 
after operation at 2.4 atm. for 90 minutes sessions. There 
are some modification in this protocol due to financial 
limitations and possible complications of HBO treatment. 
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such as local and systemic conditions, must also be 
controlled. If tooth extraction is indicated, prevention 
should be planned. Antibiotics and hyperbaric oxygen 
therapy are recommended prior to and after the extraction 
or operation, regarding to accepted protocols. Great 
attention should be pay to these patients several years 
after radiotherapy - our patient developed ORN 3.5 years 
after radiation treatment. 
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SUMMARY
This case report describes a treatment of big diastema with hybrid 

ceramic restorative material, using chairside CAD/CAM system with veneer 
technique. 
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Introduction

Progress in adhesive technologies has made possible 
to perform more conservative restoration techniques. 
Bonded porcelain veneers have been widely used to 
address aesthetic dental problems for more than 3 
decades1,2. Aesthetic parameter plays an important 
role when deciding the treatment choice of a patient 
with diastema. Development of the adhesive materials 
allows the dentist to construct more longevity and 
conservative restorations as laminate veneers3. Also 
CAD/CAM technology allows the dentists to prepare 
aesthetic and good fitted restorations in one chair-time 
by using big variety of materials. Conservative tooth 
preparation facilitates optimizing the emergence profile 
and overall contour and provides a definite finishing 
line3. Recently, minimally invasive veneer preparation 
designs have become popular. These involve less tooth 
reduction, partial coverage, and minimal porcelain 
thickness. Thicknesses of 0.3 mm has been reported for 
minimally invasive veneers4-6, whereas conventional 
porcelain veneers generally range from 0.3 to 1.0 mm in 
thickness7-10.

Laminate veneers involve less tooth reduction, 
partial coverage, and still aesthetic outcome comparing 
to other treatment alternative: ceramic crowns7-9. Due to 
the trend in the conservative approaches for the dentists 
and the patients, tooth preparations are not well accepted 
in most cases. Therefore, composite laminate veneers 
by constructing with direct technic gained importance 
and were accepted as an alternative treatment for some 
dentists. However, the difficulty of fabricating with direct 

technic, polymerization shrinkage of the restorative 
materials, deficiency of colour adjustments, polishing and 
discoloration of composite materials are still some of the 
disadvantages of this technique.

Hybrid materials, which have themselves both 
ceramic and resin properties, seem to be a good choice for 
adhesive restorations with good bonding ability, and with 
aesthetically more stable and predictable results. These 
kind of materials may have a better ability to be repaired 
or modified with resin materials. In this case report, the 
minimally invasive, partial restoration was fabricated 
with hybrid material by CAD/CAM technique. By 
using this fabrication technique, it was easier to prepare 
the restoration comparing to composite build-up with 
direct technique. It was also an advantage to modify the 
restoration with composite restorative materials. 

Case Report

A 46-year-old female patient presented herself at 
the Department of Prosthodontics, Izmir Katip Celebi 
University with midline diastema and aesthetic concerns 
about her anterior teeth (Fig. 1).

After study models had been prepared and 
radiographic images of the anterior teeth and digital 
intraoral photographs had been examined, a treatment 
plan was designed to address the patient’s concerns. 
Various treatment approaches were considered, including 
orthodontic treatment option, which was immediately 
refused owing to its long duration and much more 
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a virtual die. Removal of neighbouring teeth in this 
manner revealed interproximal margins in detail and 
also facilitated to shape interproximal contact points of 
the final restoration. Once the virtual die was approved, 
the preparation margins were outlined with the manual 
margin drawing option of the software, and the insertion 
axis was determined. Parameter settings for the present 
case were: proximal contact strength: 0 µm; occlusal 
contact strength: 0 µm; minimal thickness: 300 µm; 
spacer: -30 µm.  The biogeneric crown proposal was 
then automatically seated to the virtual die according to 
the adjusted settings (Fig. 3). Interproximal and occlusal 
contact points were verified and the desired changes were 
accomplished with software’s design tools. In the milling 
stage the restoration was placed in the resin nano-ceramic 
block (LAVA Ultimate, 3M ESPE, USA) with the shade of 
A2 LT Size 14.

Figure 2. Virtual models

Figure 3. The CADCAM design of the restorations

After milling was completed (Fig. 4), restoration 
was removed from block adaptation of the restoration 
performed (Fig 5) and the occlusion was checked, then 
polishing was done by using Soflex polishing system (3M, 

expenses. The patient was more interested in alternative 
approaches that would be less time-consuming but still 
aesthetic and conservative. Regarding visual examination, 
the facial surface of central incisors had vertical crack 
lines and staining caused by leakages. Also staining was 
observed at lateral tooth. It was difficult to completely 
mimic this natural look with porcelain veneers and a 
conservative approach. 

Figure 1. The diastema between maxillary central incisors

Therefore, it was decided to perform partial 
laminate veneer for diastema treatment.  In this case, 
partial veneers were decided to be constructed without 
tooth preparation, just by using anatomically/clinically 
existing depressions on the surfaces of crowns for 
retention. Mock-up with direct composite restorations 
was performed in order to obtain patient’s confirmation. 
Patient was informed about the possible complications 
such as debonding, triangular dark gingival embrasure 
between central incisors and discoloration of the 
restoration by time. 

An optical impression was made with the digital 
camera of the CEREC acquisition unit (Omnicam 
CEREC Sirona Bensheim, Germany) from the stone 
model (Fig. 2). Optical images of the antagonist teeth 
were also taken and the bite registration was recorded 
with buccal scanning technique. In this technique, optical 
bite registration images were taken from buccal direction 
with the teeth occluded in maximum intercuspal position. 
In the next step, manual alignment of the preparation 
and antagonist models with the buccal bite registration 
images were required. The buccal bite registration 
image was dragged with the mouse approximately to the 
corresponding parts of the preparation and antagonist 
models. The software then recognized similar surfaces 
and automatically articulated the models in maximum 
intercuspal position. Once the models were virtually 
articulated, the occlusal contact strength of the crowns 
could be adjusted digitally between -200 and +200 µm, 
where negative values meant disocclusion.

Designing the virtual restoration was similar to 
that of the traditionally performed at the laboratory. 
The first step was trimming the virtual model to attain 
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Figure 6B.  Final view after adhesive cementation

The patient was satisfied with the result and has not 
reported any problem, accept colour changes during a 
2-year follow-up.

Discussion

Various treatment choices are available to rehabilitate 
the anterior diastemas. According to technological 
developments, crown restoration options are now 
considered to be non-conservative. Adhesive systems are 
accepted as conservative treatment options.  

Restoration of diastemas with direct resin composites 
are also an alternative treatment; this technic is quick and 
minimally invasive and sometimes inexpensive, but these 
restoration types require more clinical skills and they are 
not easy to be prepared with direct technic, and also the 
aesthetic results are not predictable. Preservation of enamel 
tissue during preparation improved the adhesive bonding7.

Recently, Gresnight et al7 has reported a case about 
partial veneers. They used glass ceramics as a restorative 
material, which were fired on the refractory dies. In our 
study, restorations were fabricated with prefabricated 
hybrid ceramics blocks by using CAD/CAM system. The 
advantage of this system is easiness, chairside system, 
rapidity and the fact that restoration might be designed 
and shown to the patient for his approval before the 
manufacture. In cementation process there is no need to 
be etched with hydrofluoric or phosphoric acid for hybrid 
ceramics. Hybrid restorations were pre-treated with 
sandblasting in the current case.

No-preparation design may cause an over-contoured 
restoration, threatening soft tissue health at the margin. 
Another disadvantage is difficulty in fabricating thin 
porcelain. In our patient, the margins of restorations were 
far away from gingival margin. Hybrid ceramic block 
was preferred because it has more capability to bond 
composite filling materials and if needed filling materials 
could be used for adaptation of the restoration and to set 
margins without over-contoured. Colour changes by time 
are expected and the case is under the control. 

ESPE USA). Then restorations were cleaned with alcohol 
and dried. Bonding surface was sandblasted - 50µm 
particle size of Al2O3 restorations were ultrasonically 
cleaned and dried. The restorations (Fig. 6A & 6B) were 
cemented with a resin cement (Rely X Ultimate 3M 
ESPE,USA). Final adaptation was performed with Sof-lex 
disc (3M, ESPE USA).

Figure 4. Restoration after milling process

Figure 5. Restorations after adaptation and occlusal relationship control

Figure 6A.  Final view after adhesive cementation
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Hybrid ceramics are getting popular with their 
combining advantages of the ceramics and composite 
materials. They have an aesthetic appearance and 
durability but also the good adhesive properties with the 
resin materials. Dentists can achieve better edge quality 
and smooth margins. Lava Ultimate restorative was 
formulated with a total nano-ceramic material content by 
weight of approximately 80%. The addition of nanomer 
particles to formulations containing nanoclusters reduces 
the interstitial spacing of the filler particles, leading to 
higher nano-ceramic content11.

Conclusion

In this case report, diastema closure without tooth 
preparation was reported. It can be concluded that 
clinicians could perform aesthetic restorations without 
preparation with hybrid ceramic blocks by using 
CADCAM technique. In such cases, hybrid ceramic 
provides better adhesion with teeth and preparation design 
has diminished its importance. But follow-up studies and 
clinical outcome data for unprepared veneers need to be 
carried out for predicting the results. 
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