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Abstract
Background Dental caries in addition known as tooth decay is a breakdown of teeth 
due to actions of bacteria. The cavities may be a number of dissimilar colors from yel-
low to black. Symptoms may contain pain and difficulty with eating. Aims To deter-
mine the direct effect of the oral medicines which were used for long time by children 
on the teeth. To reduce the negative effect of these drugs. Material and Methods 
the study used medications that are prescribed for children for long time that admin-
istrated only orally to determine the direct effect of these drugs. The study sample 
included lower deciduous molars, which were obtained from children who required 
extraction of their mobile molars after taking the agreement of parents. Sample size 
was (50) freshly extracted, caries-free lower molar of patients aged 10-12 years old. 
Teeth were divided into five groups with 10 samples in each group, natural saliva was 
collected from a number of children and was added to the solution to simulate the 
oral cavity. The incubation period was 32 days then sectioning the samples and meas-
ure the lesion depth by polarized microscope. Results Verapamil produced maximum 
lesion depth in enamel while Dexamethasone was associated with minimum lesion 
depth. Conclusion it is obvious that all test medications affect the enamel of tooth by 
different degree. 
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Introduction
Dental caries in addition known as tooth decay, caries, is a breakdown of teeth due to 
actions of bacteria (Silk H, March 2014). The cavities may be a number of dissimilar 
colors from yellow to black. Symptoms may contain pain and difficulty with eating. 
Complications could include inflammation of the tissue around the tooth, tooth loss, 
and infection or abscess formation (Laudenbach JM and Simon Z, November 2014).
The reason of caries is bacterial breakdown of the hard tissues of the teeth (enamel, 
dentin and cementum) this occurs as a result of acid made from food debris or sug-
ar on the tooth surface. Simple sugars in food are these bacteria›s primary energy 
source and thus a diet high in simple sugar is a risk thing. If mineral breakdown is 
larger than build up from sources for example saliva, caries results. Risk factors com-
prise conditions that result in less saliva such as: diabetes mellitus, Sjogren›s syn-
drome and some medications. Medications that reduce saliva production comprise de 
antihistamines and antidepressants among others (Neville, B.W et al., 2002).
Several medications have harmful effect on our health. Oral liquid pharmaceutical 

Dr.Manar M.Mahmoud & Dr.Saher S.Gasgoos



Volume 4, Issue 2 2017

53

dose forms such as syrups, solutions and suspensions are the therapeutic option for 
the management of pediatric patients. The use of these liquid preparations, despite 
being generally for short period, can be considered as prolonged occurrence (Babu KL 
et al., 2008). Particularly in patients who suffer from chronic condition, for example 
respiratory allergies, asthma and convulsions, or recurrent acute diseases as tonsilli-
tis, otitis, sinusitis and allergic rhinitis (Marquezan M et al., 2007).
The employ of medicines in childhood is high particularly among children under two 
years old so that the constant use of medicines to treat asthma and attention-deficit 
or hyperactivity disorders has been rising (Headley J and Northstone K, 2007).
The truth that the tooth being affected by the use of medications is based on the hy-
pothesis that these can diminish saliva flow and buffering capacity (Taji S and Seow-
WK, 2010). Liquid formulations used for a three-month minimum period are consid-
ered a dangerous factor for increased levels of dental caries (Sahgal J et al., 2010). 
For this reason, children who use vitamin C supplements are 4.7 times more likely to 
increase dental erosion lesions (Al-Malik MI et al., 2001). So, children with chronic 
or recurrent health trouble who make recurrent use of medications are mainly at risk 
(Souza MIC et al., 2002). While caries is a sucrose-dependent disease. In addition, as 
numerous liquid medicines for children have low endogenous pH, they can also en-
dorse dental erosion, mainly if they wait for prolonged period in contact with the tooth 
surface (Neiva A et al. 2001).

Materials and Methods
Sample size and criteria
Full details treatment plans were explained to the children›s parents and written con-
sents were obtained prior to collection of the samples. The study sample includes 
lower deciduous molars, which were obtained from children who required extraction of 
their mobile molars Sample size was (50) freshly extracted, caries-free lower molars 
of children aged 10-12 years old. Teeth collected according to flowing criteria:
•Non-carious lower primary molars.
•Non-abrasion, attrition or erosion teeth.
•Any morphological anomaly tooth excluded from study.
Natural saliva was collected from a number of children and was added to the solu-
tion to simulate the oral cavity. The incubation period was 32 days then sectioning the 
samples and measure the lesion depth by microscope.
Samples preparation:
Teeth were scaled and polished using non fluoridated pumice and rubber cup, stored 
in thymol (0.1%, pH=7). In addition, teeth were examined under reflected light mi-
croscope with 10X magnification power to exclude those with any defects (Dan PP et 
al., 2008). Then immersion the teeth in solutions prepared from the medications (free 
of sugar), saliva (pH 6.5-7) and at temperature (37 ºC), then incubated for 32 days. 

Concentration of medication and Sample grouping 
Most medications in children are dosed according to body weight (mg/kg) or body 
surface area (mg/m2) (BSA). The Doses is expressed as mg/kg/day. Dosing also var-
ies by indication.
•Group A: teeth suspended in methotrexate solution (1980mgcontaminated with sa-
liva).
•Group B: teeth suspended in azathioprine solution (1800mg contaminated with sa-
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liva).
•Group C: teeth suspended in verapamil solution (180mg contaminated with saliva).
•Group D: teeth suspended in dexamethasone solution 1800mg contaminated with 
saliva.
•Group E: teeth suspended in fluoxetine solution 600mg contaminated with saliva.

Microscopical evaluation of demineralization
At end of incubation  phase, the samples were washed with deionized water,  after 
that the samples were cut in cross section labiolingual  by thin section –cut off saw,  
followed by  each cut-sample was grind by grinding machine and polishing  from non-
cutting side until the enamel slice reach thickness of (250µm)  using caliper,  after 
that each cut sample fixed on microscopically slide  from the cutting side  via canda 
plasm and hot plate (Amandeep Singh, 2006). This process was done in coordination 
with college of science/department of earth science/university of Baghdad.
The enamel slices were examined under polarized light microscope (orthoplan, 
071884). Lesion depth (µm) was measured for each slide using eyepiece graticule 
supplied with polarized microscope. The lesion depth represents the distance from 
surface zone till deepest zone of body lesion (Hicks MJ, 1993). Photomicrographs 
were captured using special digital camera and images were digitalized on computer 
(Figures 1-5).

Figure (1): Photomicrograph exhibited caries –like lesion of sample suspend-
ed on methotrexate.
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Figure (2): Photomicrograph exhibited caries –like lesion of sample suspend-
ed on azathioprine.

 

Figure (3): Photomicrograph exhibited caries –like lesion of sample suspend-
ed on verapamil.
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Figure (4): Photomicrograph exhibited caries –like lesion of sample suspend-
ed on dexamethasone.

Statistical Analysis
The one-way analysis of variance (ANOVA) is used to determine whether there are 
any significant differences in lesion depth means between five independent (unrelat-
ed) groups. The one-way ANOVA compares the means between the groups and deter-
mines whether any of those means are significantly different from each other. Specifi-
cally, it tests the null hypotheses:  H0:µ1=µ2=µ3=…=µk
The data obtained during the course of study were analyzed using Excel; Microsoft of-
fice 2010, Windows 7 Ultimate. Descriptive statistics consist of: mean, standard de-
viation, minimum and maximum be calculated for each group. A post hoc test used to 
establish which certain groups differed from other (Mahbubul A, 2013).
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Results
The descriptive statistics of test groups including mean, standard deviation and stand-
ard error were calculated (Table 1).All test medications caused some degree of dental 
caries. The results show the verapamil more cariogencitythan other test medications.

Table (1): descriptive statistics of test groups.

Comparison between medication was done in pairs using  post hoc test with respect 
to lesion depth in enamel  and most of the test medications exhibited statistically sig-
nificant (p ≤ 0.05) difference between each other.
Table (2) demonstrates comparison among mean of test medication, the results show 
there is no significant difference between methotrexate and verapamil, methotrex-
ate and azathioprine while the difference is significant between azathioprine and ve-
rapamil, methotrexate and fluoxtin, azathioprine and dexamethasone, azathioprine 
and fluxotine, verapamil and dexamethasone, dexamethasone and fluoxtine while the 
significant difference is high between methotrexate and dexamethasone and between 
verapamil and fluoxtine 

Table (2): Demonstrating correlation analysis between test medications.
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Discussion
The frequent use of oral medicines put children at risk of dental caries and erosion, 
as demonstrated by various clinical studies (Taji S and SeowWK, 2010) (Maguire A, 
1996) In a survey conducted, found that the dental health of children taking long-
term liquid medication to be worse than their siblings in relation to anterior teeth 
decay in deciduous dentition (Maguire A, 1996) In this study it was obvious that ex-
posure of enamel to high concentration of medications used in this study lead to af-
fect the sound enamel with different lesion depth. The mean of lesion depth ranged 
between (116.765µm-570.6µm). Comparison among samples mean of (5) groups 
of test medications and these groups have same experimental period and specific 
concentration for each one. The results confirmed that there was significant differ-
ence between highest mean of lesion depth (verapamil), lowest mean of lesion depth 
(dexamethasone) were the mean in verapamil was (579.605µm), and mean in dexa-
methasone was (116.765µm). According to these results, the verapamil have highest 
cariogencity, while dexamethasone has lowest cariogencity, this can be explain by the 
fact that the endogenous pH of verapamil was (5.7) while the pH of dexamethasone 
(7.1).
The medications with low pH have greater potential for causing dental caries.  Pedi-
atric syrups with low pH have ability to initiate the dental demineralization by direct 
action on enamel surface, without any influence on the oral microflora. The develop-
ment of erosion was also influenced by the enamel type, temperature and acid expo-
sure time (Passos IA and Sampaio FC, 2011).
The endogenous pH of a medication can be rapidly changed intraorally by salivary 
buffers. Alternatively, sugars metabolized by bacteria to acid products decrease the 
pH within an adherent bacterial-rich plaque that is relatively unavailable to salivary 
buffering. Low pH near the tooth surface causes ionic dissolution from the hydroxya-
patite crystals and eventually carious lesions (Feigal RJ et al. 1986). An in vivo study 
has shown that pediatric medications causes a drop in plaque pH that is sufficient to 
cause decalcification within 2 – 10 minutes following its initial exposure to the teeth 
(Sunitha S et al., 2009).
The present research provided evidence that the studied medicines could potentially 
affected deciduous tooth enamel after successive immersion cycles. The enamel sur-
faces presented with different lesion depth, which resulted from the mineral loss 
caused by medicine intake. Enamel thickness in deciduous teeth, lesser mineralization 
levels and a lesser structural arrangement are the chief differences between decidu-
ous tooth enamel compared with that of permanent teeth. On the other hand, some 
controversy remains relating to the vulnerability of deciduous teeth to caries and ero-
sion process compared with permanent teeth (Low IM et al., 2008; Sonju AB et al., 
1997).
Some in vitro researches reported that medications can affect enamel hardness, and 
cause morphological and roughness alterations (Costa CC et al., 2006; Valinoti AC et 
al., 2010). However, the results of these studies are restricted to a small number of 
medicines, and the literature is limited of articles that study the effects of medications 
on permanent and deciduous tooth enamel (Valinoti AC et al., 2010).
The experimental period (32 days) was chosen to simulate what would occur above a 
long treatment. It is possible that longer treatment-induced damages to tooth struc-
tures will be larger than those observed in this study. On the other hand, the medica-
tions used in this study chosen because of their routine use in treating widespread 
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childhood disorders; this attractive finding was agreed with other study (Camila Scat-
ena et al., 2014). Were reported that experimental period (28) and selected mostly 
prescribed medications for children.
After measure the lesion depth of test medication sample by polarizing light mi-
croscope, it was found that verapamil has the highest mean of lesion depth 
(570.605µm), mean that it is more cariogenic among test medications. Pain - tooth or 
teeth is reported only by a few people who take Verapamil Hydrochloride (Irfan C et 
al., 1996).
Methotrexate has mean of lesion depth (365.01µm), Children submitted to antineo-
plastic management present numerous late effects in several organs and systems, as 
well as the oral cavity; these effects are caused by anticancer medications. Dental ab-
normalities are the more common sequelae of treatment for childhood cancer (Camila 
Scatena et al., 2014)
Some authors actually reporting that caries rate for most children are not markedly 
affected by chronic liquid medication intake (Sahgal J et al., 2010). Therefore, it is 
understandable that dissolution of enamel caused by medications is due to number of 
factors like low pH and chemical composition of the medicine. In addition, frequency 
of consumption of the syrup and the time of intake may also add to the potential car-
ies challenge.
The results showed that fluoxetine increase the risk of dental caries when measure 
the lesion of depth of test samples, dental caries is side effect of the tricyclic anti-
depressants and other anticholinergic psychoactive drugs (Bassuk E and Schoono-
verS1978).
Perhaps, the degree of enamel loss caused by the medications in this laboratory study 
could be greater than clinical situations as the oral environment cannot be exactly 
simulated. In oral cavity, the enamel surface is covered by a protective pellicle and/or 
plaque layer and subjected to flushing, buffering and remineralizing effects of saliva 
(Jeremy R et al., 2005).

Conclusion
The test medications in this study can cause teeth problems and considered potential 
risk factors for the development of dental caries; verapamil has high cariogenic po-
tential among test medications.

References
Al-Malik MI, Holt RD, BediR. (2001): The relationship between erosion, caries and 
rampant caries and dietary habits in preschool children in Saudi Arabia. Int J Paediatr 
Dent. 11: 430-439.
Amandeep Singh (2006): few tips for making ground sections of teeth for research 
purpose, jpafmat, 6. ISSN 0972-5687.
Babu KL, Rai K, Hedge AM (2008): Pediatric liquid medicaments - do they erode the 
teeth surface? An in vitro study: part I. JClinPediatr Dent. 32: 189-194.
Bassuk E and Schoonover S (1978): Rampant dental caries in the treatment of de-
pression, J Clin Psychiatry. 1978 Feb; 39(2):163-5.
Camila Scatena, Daniel Galafassi, Jaciara Miranda Gomes-Silva,   Maria Cristina Bor-
satto, Mônica Campos Serra. (2014): In Vitro Erosive Effect of Pediatric Medicines on 
Deciduous Tooth Enamel, Braz Dent J. vol. 25 no.1; 103-644.
Costa CC, Almeida ICS, Costa LC (2006): Erosive effect of antihistamine-containing 

Dr.Manar M.Mahmoud & Dr.Saher S.Gasgoos



Volume 4, Issue 2 2017

60

syrup on primary enamel and its reduction by fluoride dentifrice. Int J PaediatrDent; 
16:174-180. 
Dan PP, MishaelGS, Mark DH and Lin_Ping (2008): Assessment of early demineraliza-
tion in teeth using the signal attenuation in optical coherence tomography images. J 
Biomed Opt. 13(5); 054053.
Feigal RJ, Jensen ME, Mensing CA. (1986): Dental caries potential of liquid medica-
tions. Pediatrics. 68:416–9.
Headley J, Northstone K. (2007): Medication administered to children from 0 to 7, 5 
years in the Avon Longitudinal Study of Parents and Children (ALSPAC). Eur J Clin-
Pharmacol.  63: 189-195.
Hicks MJ, Flaitz CM, Westerman GH, Blankenau RJ, Powell GL, and Berq JH. (1993): 
Caries-like lesion initiation and progression around laser-cured sealants. Am J Dent. 6 
(4): 176-180.
Irfan C, Alpdoğgan K, Erhan F, Mahmut Ç. (1996): The Effect of Verapamil on the 
Prevalence and Severity of Cyclosporine-Induced Gingival Overgrowth in Renal Allo-
graft Recipients. JPeriodontol; 67(11); P 1201-1205.
Laudenbach JM and Simon Z. (November 2014). Common Dental and Periodontal 
Diseases: Evaluation and Management. The Medical clinics of North America. 98 (6): 
1239–1260.
Jeremy R, Theresa L and Robert M (2005): The acidic and erosive potential of five 
sports drinks. Eur J Prosthodont Rest Dent. 13(4):186-190.
Low IM, Duraman N, Mahmood U (2008): Mapping the structure, composition and 
mechanical properties of human teeth. Mater Sci Eng C; 28:243-247.
Mahbubul A (2013) «Investigations into Visual Statistical Inference». Graduate Theses 
and Dissertations. 2-33. 
Maguire A, Rugg-Gunn A, Butler T. (1996): Dental health of children taking antimicro-
bial and nonantimicrobial liquid oral medication long term. Caries Res; 30(1):16-21.
Marquezan M, Pozzobon RT, and Oliveira MDM. (2007): Medicines used by pediatric 
dentistry patients and its cariogenic potential. Rev Pos-Grad. 13: 334-339.
Neiva A, Silva VS, Maia LC, Soares EL, Trugo LC (2001). Análise in vitro da concen-
tração de sacarose e pH de antibacterianos de usopediátrico. Pesqui. Bras. Odontope-
diatria ClínIntegr; 1(1): 9-16.
Neville, B.W, Douglas Damm, Carl Allen, Jerry Bouquot (2002). «Oral & Maxillofacial 
Pathology.» 2nd edition, p. 398.
Passos IA and Sampaio FC. (2011): Fluoride concentration and pH of pediatric medi-
cines regularly and long-term used by children. Med Oral Patol Oral Cir Bucal.16 
(3):e459-62.
Sahgal J, Sood PB, Raju OS. (2010): A comparison of oral hygiene status and dental 
caries in children on long-term liquid oral medications to those not administered with 
such medications.J Indian SocPedodPrev Dent. 20: 144-151.
Silk H (March 2014). «Diseases of the mouth». Primary care. 41 (1): 75–90. 
 Souza MIC, Segal MT, Medeiros UV, Barbosa ARS (2002). Potencialcariogênico dos 
xaropesinfantis para doenças respiratórias prolongadas. J Bras Odonto Pediatr Odon-
tol Bebê, 5 (25): 209-214.
Sonju AB, Hanning M, Skjorland K, Sonju T.1997, Analytical and ultrastructural stud-
ies of pellicle on primary teeth. Acta OdontolScand ;55:339-343.
Sunitha S, Prashanth GM, Shanmukhappa, Chandu GN, Subba VV (2009): An analysis 
of concentration of sucrose, endogenous pH, and alteration in the plaque pH on con-

Dr.Manar M.Mahmoud & Dr.Saher S.Gasgoos



Volume 4, Issue 2 2017

61

sumption of commonly used liquid pediatric medicines. J Indian Soc Pedod Prev Dent. 
27:44–8.
Taji S, SeowWK. (2010): A literature review of dental erosion in children. Aust Dent J.  
55: 358-367.
Valinoti AC, Pierro VSS, Silva EM, Maia LC. (2010): in vitro alterations in dental enam-
el exposed to acidic medicines. Int J Paediatr Dent; 21:141-150.
      

   

         

Dr.Manar M.Mahmoud & Dr.Saher S.Gasgoos



Volume 4, Issue 2 2017

62

Dental Caries and gingivitis associated with Mutans 
Streptococci among children

Ali Shakir Hasan (High Diploma 2 year / Prosthodontics); Mohammad Ismail 
Al-Berfkani (M.Sc. / Microbiology); Yousif Abdulla AlBany (M.Sc. / Medical 
Biology and Genetics
1 Department of Dental Auxiliary, Duhok Technical Institute, Duhok Poly-
technic University, Duhok, Iraq.
2 Departments of Medical Laboratory Technology, Zakho Technical Institute, 
Duhok Polytechnic University, Duhok, Iraq.  
3 Departments of Nursing, Bardarash Technical Institute, Duhok Polytechnic 
University, Duhok, Iraq.
Corresponding Author: Mohammad Ismail Al-Berfkani
Email: berfkani85@gmail.com

Abstract
Background Dental Caries is the most prevalent oral disease among children caused 
by Streptococci mutans, which produces acids that cause tooth surface breakdown 
and subsequent formation of cavity which encourage growth of bacterial biofilms and 
cause the gingivitis.Objective The aim was to assess the prevalence of dental Car-
ies and severity of gingivitis among school children and to correlate it with the Strep-
tococcus mutans counts. Materials and Methods Five hundred and eighty (580) 
school children participated in this study. Dental caries was evaluated by the decayed-
missing filled Index (dmft) while gingival index was used for assessed gingival health 
status. Snyder test was used to determine dental caries activity, Microbial counts 
of Streptococcus mutans were recorded for each group.Results the study indicates 
that the prevalence of dental caries had decreased with age from (93.2%) in group 
A students (7-9 years) to (88.3%) and (85.7%) in group B (10-12 years) and group 
C (13-15 years) respectively. The mean dmft values have increased with age from 
4.5 in group A students to 4.8 in group B and 5.1 in group C. Prevalence of gingivi-
tis increased with age, the mean gingival score were between 1.7 and 2.2. The count 
of Streptococcus mutans had been increased with age ranged from 4.2×104 cfu/ml 
to 2×105 cfu/ml and children with severe inflammation gingivitis are more likely to 
have high counts of Streptococcus mutans. Conclusion Bad oral hygiene and moder-
ate gingivitis are highly prevalent among school children. No correlation was found 
between the mean dmft and the number of Streptococcus mutans (cfu), High Strep-
tococcus mutans levels showed directly co-associated with increased severity of gingi-
vitis at older ages, indicated a positive correlation was found between the presence of 
gingivitis and the number of S. mutans. 

Keywords: Dental caries, Gingivitis, Streptococcus mutans, School 
children.

Dr.Ali Shakir; Dr.Mohammad Ismail & Dr.Yousif Abdulla



Volume 4, Issue 2 2017

63

Introduction
Dental caries (tooth decay) remain the most prevalent chronic disease in both chil-
dren and adults, which affect a large population of the world(Petersen, 2003a). Al-
though many studies have focused on tooth decay, the disease still persists among 
children and adult from poor and disadvantaged backgrounds (Petersen, 2003b). the 
cost of dental treatment itself places caries among the most expensive of bacterial 
infections, in addition to the patient loss of time and productivity (Petersen PE et al.,  
2005). Dental caries develop in the presence of four interacting factors; cariogenic 
bacteria, sugar, susceptible tooth surfaces and time(Ed, 2014).
Sucrose in food and drink is considered the most fermentable cariogenic carbohydrate 
and act as a substrate for the synthesis of extracellular (EPS) and intracellular (IPS) 
polysaccharides in dental plaque (Marsh and Martin, 1992). In biofilm (dental plaque), 
Endogenous bacteria produce weak acids as metabolic products of fermentable car-
bohydrates (sucrose). The acids cause fall of critical value of pH and diffuse into the 
tooth through the water amongst the hydroxyapatite crystals, which are the major 
composition of tooth enamel and dentin (Bowen, 2002). Once the acid reaches crystal 
surface, carbonate ion incorporated in the crystal lattice leading to dissolve of Cal-
cium and phosphate and transferee into the surrounding aqueous phase between the 
crystals resulting in defects and calcium deficient regions and subsequently the de-
struction of tooth structures (Marsh and Martin, 1992; JD., 2008). Although, the acids 
produced by bacteria lead to loss of calcium and inorganic phosphorus and fluoride 
from the enamel, Saliva acts to protect teeth through several mechanisms; such as 
clearance of food debris and sugar, dilute and neutralize the acid and it is an impor-
tant natural defense against caries as it aggregation and elimination of microorgan-
isms (Ribeiro et al., 2005; Tenuta et al., 2006; Fejerskov O., 2008). 
Gingivitis is a non-destructive disease that occurs around the teeth. Bacterial biofilms 
that attached to tooth surfaces cause the gingivitis which is the most common form 
of periodontal disease (Caton et al., 1989). Gingivitis is an inflammation of the gingi-
val tissue which is all soft tissue surrounding the tooth coronal to the crest of alveolar 
bone. Many research studies indicate that the prevalence of gingivitis forms of peri-
odontal disease is lower in children than in adults (Chauhan et al., 2012). Plaque-
induced gingivitis began once the bacterial plaque accumulates in the small gaps 
between teeth and in the gingival grooves where bacteria produce degrative enzymes, 
and endotoxin, such as lipopolysaccharide (LPS) or lipoteichoic acid (LTA), that initiate 
an inflammatory response in the gum tissue resulting an enlargement of gingival and 
destruction of the gingival tissues, which may progress to destruction of the periodon-
tal attachment apparatus(Page and Schroeder, 1976). In health, the bacterial commu-
nity in early dental plaque is dominated by Gram-positive bacteria. As plaque matures 
and gingivitis develops, the communities become increasingly complex with higher 
proportions of Gram-negative rods (Kistler et al., 2013). Although many bacteria as-
sociated with dental caries, Endogenous bacterium such as streptococcus mutans is 
the most important bacterium in the initiation of this disease while lactobacillus is 
associated with the active caries episode (Aguilera Galaviz et al., 2005; Cameron AC, 
2008). 
Many research studies about oral health showed a correlation between streptococ-
cus mutans counts and the prevalence and incidence of dental caries Beighton et al., 
1989; Crielaard W, Zaura E , Annemarie AS, Huse SM , Montijn RC and BJF., 2011). 
Usually prevalence of lactobacilli in saliva is low, but it becomes high once oral cavity 
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colonized by Streptococci mutans because of production of favorable acid environ-
ment for lactobacilli, so the pH-value decreases (Newbrun, 1992). Maintaining good 
dental health is important especially in children not only because it prevents pain and 
suffering but also because tooth loss in children can adversely affect how the jaws 
and teeth function as the child matures.

Materials and Methods
A community based cross-sectional study was conducted from September to Decem-
ber 2016 in Duhok province. Six primary schools and four secondary schools were 
selected at random. A Total of 580 students aged (7-15) years were enrolled. General 
information data was collected which include gender, sex, age, socioeconomic state, 
and tooth brushing frequency during our visits to their school. The dmft indices were 
recorded by the same dentist throughout the research by using mouth mirror and 
probe.

Microbial analysis
Identification of Streptococci mutans
Unstimulated saliva was collected by placing a sterile 5 ml syringe (without a nee-
dle) in the buccal area and applying gentle suction. Samples were collected in the 
midmorning period (10:00-11:00 a.m.) and were processed within an hour. Approxi-
mately 5 ml of the whole saliva was collected and Serial dilution was also prepared 
using sterile saline (1:10, 1:100, 1:1000, and 1:10000). Then 0.1 ml of the dilution 
1:10000 was spread over the selective medium Mitis Salivarius Agar (MSA).  The 
inoculated plates were incubated in an atmosphere of 5% CO2 using a gas pack sup-
plied in an anaerobic jar for 48 hours at 37°C followed by aerobic incubation for 24 
hours at 37°C. Streptococci mutans was confirmed by typical morphologies under 
a dissecting microscope, with gram staining and biochemical testing (Hardie and 
Bowden, 1974) .The isolated strains were confirmed using Identification system of API 
(analytical profile index) API 20 strep (bio Meraux, France). Counts were expressed as 
colony forming units per ml of Saliva.

Determination of dental caries by Snyder Test
Snyder test was used for detection of caries activity and determines a person sus-
ceptibility to dental caries (cavities); the susceptibility is correlated with acid produc-
tion result from fermentation of glucose by cariogenic bacteria such as lactobacillus 
species on the teeth or in other areas of the mouth. The test used Snyder tubes agar 
which contains 2% glucose and pH indicator Bromocresol Green. The acidity of agar is 
about 4.8, which inhibit the growth of most microorganisms, but it is ideal for acido-
philus such as Lactobacillus species.
All tubes inoculated with saliva and allowed to incubate in a candle jar at 37˚C for 48 
hours. If lactobacillus is present in the saliva, it will produce lactic acid from fermen-
tation of glucose, causing drop the pH to about 4.4, which lead to change the color of 
Bromocresol Green indicator from green to yellow(Snyder, 1941).
Snyder tubes were examined daily for 3 successive days for color change. If the cul-
ture shows slight color change, indicate mild susceptibility to form dental caries (+). 
While significant color change indicate moderate susceptibility (++) and complete 
color change indicate high susceptibility (+++).
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Oral Hygiene Index (dmft index) 
The damage and the severity of tooth decay are measured by the universally adopted 
measurement, known as the Decayed-Missing-Filled Index (dmft) index (Klein, Palmer 
and Knutson, 1938). The damage to the tooth decay is irreversible, therefore, the vis-
ible state of a decayed tooth can be: decayed and left untreated (dt), missing extract-
ed due to decay (mt), or filled (ft). The total number of teeth affected by tooth decay 
in an individual is the sum of dt + mt + ft which is known as the dmft value. Each 
adult normal has 32 permanent teeth, and its DMFT value may range from 0-32. Each 
child normally has 20 (dt, mt, ft are used to denote decay experience in the primary 
teeth). The severity of tooth decay is measured by the mean dmft values for age 12 
and above and the mean dmft value for children below age 6. The mean dmft is use-
ful value in making comparison among population where almost everyone is affected 
by tooth decay.

Gingival Index scoring
Changes happen in the gingival soft tissues are evaluated by dentist using gingival 
Index scoring  (Löe, 1967). The index based on visual examination include; color, tex-
ture, changes in form, spontaneous bleeding. The calculation of the index as follows; 
for absence of inflammation score (0), for Mild inflammation -slight change in color 
and little change in texture score (0.1-1) while for Moderate inflammation – moder-
ate glazing, redness, edema and hypertrophy (1.1- 2) and for Severe inflammation - 
marked redness and hypertrophy, Tendency to spontaneous bleeding score (2.1- 3).

Statistical analysis
Significance of differences in clinical parameters by age group and gender was sought 
using ANOVA for continuous variables (Caries index, Gingival index and mean dmft), 
(p<0.05) considered significant(Huntsberger, 1989). All analyses were performed us-
ing SPSS version 18.

Results
To best of our knowledge, this is the probably first comprehensive research study for 
assessment of oral hygiene and gingival health status among school children in Duhok 
providence. Five hundred and Eighty (580) school going children, 300 (51.72%) boys 
and 280 (48.27%) girls aged 7-15 years participated in this study. Out of the study 
population 190 belong to group A (7-9 years), 180 belong to group B (10-12 years) 
and 210 belong to group C (13-15 years). In total, dental caries is observed in 516 
students (89%) and 64 students were caries free (11%) (Table1). In this study, the 
prevalence of dental caries has decreased with age from group A students (7-9 years, 
93.2%) to group B (10-12 years, 88.3%) and group C (13-15 years, 85.7%) (Table1).
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The caries prevalence of female 47% (273) was higher than caries prevalence of male 
42% (243) (Figure 1). Same results have been reported by previous studies who 
observed high prevalence of dental caries in girls (Mosha et al., 2006; Mwakatobe 
and Mumghamba, 2007; Shingare et al., 2012). Our results found no significant dif-
ferences of caries prevalence among students attend public and private school, the 
dental caries are more common in students attended public school (47%) than who›s 
attended private school (42%) (Figure1). The caries prevalence in girls attend public 
school was 25% and in boys was 22%, while the prevalence of caries in girls attend 
private school was 22% and in boys was 20%.

Figure 1: The caries prevalence among boys and girls attend public and pri-
vate school.

The mean dmft values have increased with age from 4.5 in group A students (7-9 
years) to 4.8 in group B (10-12 years) and 5.1 in group C (13-15 years) as shown 
in table 2. The similar results have been seen in previous studies in many countries 
around the world (Shingare et al., 2012; Al-Darwish, El Ansari and Bener, 2014). The 
Table2 provides whole-mouth clinical scores within each age group. Average gingival 
scores showed minor differences and were between 1.7 and 2.2. Similar to previ-
ous studies (Lang, Schätzle and Löe, 2009) and different from others which reporting 
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an increase in scores with age (Ababneh et al., 2012). The table also shows that the 
percentage of children harboring mutans Streptococci was 100% and in all ages. The 
number of cfu/ml of saliva varied from 104 – 105. The highest count of streptococcus 
mutans was (2×105 cfu/ml), which observed in the older ages (13-15 years).

Gingival statuses are presented in Tables 3, about 47% of the group A (7-9 year), 
78% of the group B (10-12 year) and 86% of group C had gingivitis. The latter had 
significantly higher mean gingival index, with 53% demonstrating moderate gingival 
inflammation compared to 48% of group B. The highest mean of mild gingival inflam-
mation had been seen in group A (40%), followed by group C (30%) and group B 
(29%). No sever inflammation gingivitis observed in group A students in comparison 
with group B (1%) and group C (3%). Different levels of gingival inflammation could 
be seen in Figure 2. 
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Snyder test was used to confirm caries activity among children which was found 
positive in 88.96% (n=516) children. No Caries activity conducted in 11% (n=64) 
children. Around 17.93% (n=104) children were found to be highly caries active 
while 13.79% (n=80) were moderate active and children with low caries active were 
57.24% (n=332) as shown in table 4. The results were in accordance with prevalence 
of gingivitis in different groups. Similar result were found in previous study (Sonika et 
al., 2012). 

Discussion
The reasons suggested behind the decreased of caries prevalence are due to improve-
ment in the oral hygiene because of increase the level of manual dexterity of the chil-
dren and high oral health awareness (Grewal et al.,2009). Also when tooth erupts into 
the mouth undergo post-eruptive maturation making teeth more resistant to caries as 
compared immature tooth. In addition, Saliva play critical role in post-eruptive matu-
ration process (Tandon, 2009). Although no significant difference was found regard-
ing the prevalence of caries in relation to gender. The caries prevalence of female was 
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higher than male is due to female students skipping breakfast usually leads to more 
snacking during the day time, beside females have easy access to food supplies. 
As shown in table 2, the mean dmft values have increased with age; it is probably be-
cause of that children with various ages may have different portions of newly erupted 
teeth which are more prone to caries than longer erupted teeth. In this study it was 
found that children with severe inflammation gingivitis are more likely to have high 
counts of Streptococcus mutans than children with light and moderate gingivitis. A 
higher presence of Streptococcus mutans in children with older age was showed mod-
erate and severe gingivitis, it may derive from a lower oxygen pressure in deep peri-
odontal pockets, Which favors growth of such microaerophilic bacteria (De Soete et 
al., 2005). Once Streptococcus mutans predominates, it creates new conditions for 
the remaining microorganisms and develops biofilm. Bacteria within biofilm aggre-
gate and colonize saliva-coated dentin and provide nutrients to other microorganisms.
(Davey ME, 2000; Kolenbrander PE et al., 2002; Blehert DS et al., 2003).
Our results revealed that the prevalence of caries is in concern with current study and 
Snyder test can be used as a part of routine assessment of oral health of school chil-
dren. A large number of students reported no recent dental visits and utilized dental 
services only in the case of pain or other emergencies, corroborating previous obser-
vations (Grewal et al., 2009). 

Conclusion
Majority of students enrolled in this study have experienced dental caries. The preva-
lence of dental caries was estimated in 516, 7 to 15 years school children. Following 
findings can be summarized from this research study:
1.The prevalence of dental caries among school children in Duhok province was 
88.9%.
2.Dental caries prevalence has increased with age. The mean dmft values have in-
creased with age from 4.5 in group A students (7-9 years) to 4.8 in group B (10-12 
years) and 5.1 in group C (13-15 years).
3.Prevalence of gingivitis increase with age, the mean gingival score was between 1.7 
and 2.2. 
4.The count of Streptococcus mutans increase with age ranged from 4.2×104 cfu/
ml to 2×105 cfu/ml and severe inflammation gingivitis are more likely to have high 
counts of Streptococcus mutans.
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Abstract
Introduction Facial cellulitis and abscesses are common in public health problems 
and early recognition and management is critical, as they are becoming more se-
vere with a noticeable increase in hospitalization. Despite the plethora of studies on 
odontogenic infections, there are no previously published studies about odontogenic 
infection outcome of the Iraqi population. AimThis study was conducted to determine 
factors influencing the clinical outcomes of hospitalized patients with odontogenic in-
fections. Material and method This cross sectional study was carried out in the oral 
and maxillofacial surgery department in Sulaimani teaching hospital, Kurdistan-Iraq. 
Sixty patients with odontogenic infection were hospitalised and treated surgically by 
incision and drainage, removal of the cause and antibiotic. Treatment outcomes were 
evaluated. The data were statistically analyzed and compared. Results The high-
est incidence of infections was found in the sub-mandibular and infra-orbital spaces 
(28.3% and 28.3% respectively). A significant relationship was found between tris-
mus severity and the space involved (p= 0.000). Sub-masseteric space was more 
associated with grade III trismus and the longest duration of hospitalization. The 
relationship between type of involved space and duration of hospitalization was sig-
nificant (p=0.000). Patients treated with Amoxicillin showed statistical reduction in 
the duration of the drain need (p = 0.022), hospitalization time (p = 0.002). A signifi-
cant negative relation between the time of removal of infection cause and duration of 
hospitalization (p=0.001) was seen. The study showed a positive correlation between 
severity of trismus and duration of drain placement (p=0.001), duration of antibiotic 
and hospitalization (p=0.00). Conclusion Early removal of the causative tooth and 
severity of trismus seem to influence the odontogenic infection management outcome 
in terms of duration of antibiotic use, duration of drainage and hospital stay.

Keywords: Odontogenic infection, trismus , facial spaces 

Introduction
Facial cellulites and abscesses are common public health problem. They usually origi-
nate  from  periapical or  lateral periodontal infections , disseminate through soft 
tissue spaces surrounding  jaw bones (Mahmoodi et al., 2015; Uluibau et al., 2005). 
They can lead to potentially life threatening conditions like cervical necrotizing fascii-
tis, necrotizing mediastinitis and orbital abscess. Early management of acute orofacial 
infections is crucial and regarded as emergency (Seppanen et al., 2010).
Odontogenic infections are becoming more severe with noticeable increase demand 
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in antibiotic consumption (Seppanen et al., 2008; Zamiri et al., 2012). In the Middle 
East, odontogenic infections are not uncommon.  In Saudi Arabia , a study revealed 
that  25% of oral and maxillofacial cases were of odontogenic infection ( Parker and 
Khateery (2001),  and in a study conducted on  head and neck infections of hospital-
ized patients , 34.3% of infections were of odontogenic origin (Zamiri et al (2012)
Despite there are several papers  in the literature regarding odontogenic infections   
(Cachovan et al 2009), and the fact facial infections of odontogenic origin are com-
mon in Iraqi population (Maki), there are no previously published studies evaluating 
the influencing factors on patient’s management outcomes.
The treatment of odontogenic infections is based on two main elements: surgical 
treatment and antibiotic therapy. Antibiotics   are essential adjunct and are indicated 
when there are clear signs of systemic involvement such as pyrexia, lymphadenopa-
thy, difficulty in swallowing, and lockjaw (Cachovan et al 2009 ) .
Many risk factors could influence the outcome of odontogenic infections. Among these 
are the presence of co-existing major systemic disease interfering with normal healing 
processes, including diabetes mellitus, bleeding dyscrasias, steroid therapy, immune 
suppression and malnutrition. Many tests were used to investigate the general condi-
tion of the patients with odontogenic infection (Helfrick and Kelly 1992), but there are 
limited literature evaluates the role of systemic factors in the spread of odontogenic 
infections (Bakathir et al 2009).  

Aim of the study 
The aim of this study was to determine the influence of factors related to  odontogen-
ic infection  on clinical outcomes of hospitalized patients .

Materials and method
Sixty patients admitted to the Oral and Maxillofacial Surgery unit at Sulaimani teach-
ing hospital in Kurdistan-Iraq and were included in the study.  All the patients had 
symptoms of acute odontogenic infections in form of abscess or cellulites requiring 
surgical drainage, antibiotic and removal of the offending tooth.  
Inclusion criteria: Adult patients with odontogenic infection spread to the soft tissue 
spaces in the form of severe cellulites or abscess, necessitate antibiotic therapy, inci-
sion, drainage and removal of the cause.
Exclusion criteria: Children, medically compromised patient with diseases or condi-
tions affecting their immune system, metabolic diseases, patients received any antibi-
otic treatment during the course of the odontogenic infection and, patients presented 
with other existing infections at the time of admission.
Baseline information for the admitted patients was documented, clinical signs and 
symptoms were assessed, and laboratory and radiological investigations were or-
dered. Aspiration test was performed for every swelling. Swelling size was meas-
ured by measurement tape scale, which was performed by measuring the distance 
between two anatomical points. Patient's mouth opening was assessed using vernia 
scale. Grade I trismus was considered with inter-incisal distance (MID) 25- 40 mm, 
grade II if MID was 10-25 mm and Grade III when the MID was less than 10 mm 
(Wranicz et al., 2010).
Patients were treated according to standard treatment protocol (Cachovan et al., 
2009): surgical incision and drainage for abscess; endodontic treatment or removal 
of the offending tooth and antibiotic as adjuvant to surgical treatment. The treatment 
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choice was based on patient’s sensitivity and availability of the medication. Twenty 
five patients were treated with parenteral Amoxicillin i.m. injection (500mg t.i.d), 19 
patients with parenteral Lincomycin (300-600mg t.i.d) and 16 patients with combina-
tion of Amoxicillin and Metronidazole infusion 500mg t.i.d. Clinical signs and symp-
toms were evaluated on second, third, fifth and seventh day after starting treatment. 
Statistical analysis was performed using SPSS (Statistical Package for the Social 
Sciences-version 21.0). Descriptive statistics were calculated for all variables, as well 
as analytical statistics was done to find the relations between variables using Mann-
Whitney Test for non parametric difference analysis. Chi-square, Pearson, Spearman 
correlation analysis tests. Statistical significance was considered at p-value < 0.05.

Results 
Females were more than males in the study sample (58% and 42%, respectively). 
The age mean was 28.20 years old.
Submandibular space (28.3%) and infraorbital spaces (28.3%) reported the highest 
incidence of infections. Temporal space was the least common involved space (Table 
1). The relationship between the involved space and duration of hospitalization was 
highly significant (p=0.000) with sub-masseteric abscess associated with  maximum 
duration of hospitalization (7.67day) (Figure1).

Figure 1, Mean of duration of hospital stay by space

Dr. Suha Aloosi, Dr. Hydar Abdullah, & Dr. Faaiz Alhamdani



Volume 4, Issue 2 2017

75

Forty-seven patients (78.3%) had positive pus aspirate, whereas the pus aspirate was 
negative in 13 patients (21.7%). The definitive diagnosis relied on incision and drain-
age. The vast majority of cases (85%) were abscesses. Culture and sensitivity test 
was performed only in 35 cases. However, bacterial growth was not positive in all of 
these cases.  
Trismus of grade I reported the highest incidence followed by grade II (41% and 
32.8% respectively). Grade III trismus found in only 9.8% (Figure 2). Half of Sub-
masseteric space infection, patients had grade III trismus, over half were associated 
with grade II (Figure 3). Spearman Correlation Test showed a significant relationship 
(p=0.01) between trismus severity and space involved. 

Figure 2, Frequency of trismus by grade

 
Figure 3, Trismus grade by space

A positive correlation was observed between severity of trismus and duration of anti-
biotic intake (Figure 4), duration of drainage and duration of hospitalization. A signifi-
cant correlation between severity of trismus with drainage time (p=0.001), duration 
of antibiotic intake and duration of hospitalization (p = 0.000).
Amoxicillin was used alone in 41.6% of patients, and in combination with Metronida-
zol at 26.6%. Lincomycin was used in 31.6%. Lincomycin group reported the longest 
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duration of use. However, no statistically significant difference was found between 
the choice of antibiotic and duration of its intake (p=0.667). In this study a statistical 
difference was reported in the duration of drainage among patients treated with dif-
ferent kinds of antibiotics. The shortest duration of drain need was reported among 
patients treated with amoxicillin (p=0.022). 
A significant statistical difference was reported in the duration of hospitalization with 
the shortest duration was in patients treated with Amoxicillin (p=0. 022). Table 2 
demonstrates that the short duration of hospitalization was reported among amoxicil-
lin group patients. The statistical relationship was significant (p=0.022).

Table (2) Relation between the duration of antibiotic, duration of drain 
placement and duration of hospital stay, by antibiotic type

White blood cell count in the included group of patients ranged from 6000-23000/
mm3 (mean=10. 000, ST=3.02). There was no significant correlation between the 
white blood cell count (WBCC) and duration of antibiotic use. In addition, no signifi-
cant correlation was found between WBCC and duration of drain in place (p= 0.29), 
and WBCC and hospitalization time (p=0.26).  However, a significant relationship be-
tween WBCC and the

Figure 4, Mean of antibiotic, drain duration and hospital stay by trismus.

size of the swelling has been found (p=0.02). The mean haemoglobin for the par-
ticipant was 12.81 gm/dl. There was no significant relationship between haemoglo-
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bin level with a duration of antibiotic use (p=0.46) and with duration of drainage 
(p=0.63). The study showed an interesting positive correlation between the time of 
the elimination of the infection source (offending tooth) and all treatment parameters. 
Duration of hospital stay was significantly reduced in early removal of the causative 
tooth (p=0.001). There were no reported complications for all the patients included in 
this study.

Discussion  
In the literature, various local and systemic factors have been reported to influence 
the severity of orofacial infections and their management outcome. These included 
age, number of fascial spaces involved (Zamiri et al., 2012), socioeconomic status, 
smoking( (Bakathir et al., 2009), patients’ systemic health (Kamat et al., 2015; Pe-
ters et al., 1996),  location of infection (Peters et al., 1996), space proximity to airway 
(Sette-Dias et al., 2012), level of education and the nature of medical practice (Fom-
ete et al., 2015).
In this study, the submandibular and infraorbital spaces were more common than 
other spaces. Sub-massetric space infection was found in 10%. Involvement of more 
than one space was found in 29.5%. Infection is usually favoured easy spread in 
these spaces due to their anatomical nature and their location in relation to commonly 
affected teeth by infection.
High involvement of submandibular space agrees with the findings other studies (Ba-
kir et al., 2012; Fomete et al., 2015; Parker and Khateery, 2001; Pourdanesh et al., 
2013; Zamiri et al., 2012). Submandibular reported in 46.45% in Ishfaq et al 2012 
study. Infraorbital (canine) space involvement was not found to be common in the 
literature (Veronez et al., 2014). High incidence of infraorbital space infection in this 
study might be explained by included patients’ negligence. Anterior teeth involvement 
in dental caries reflects a certain degree of oral hygiene awareness.
In the current study, the influence of involved space on duration of hospitalization is 
found to be significant, with the sub-masseteric abscess associated with maximum 
hospital stay. Submandibular and buccal spaces reported comparable duration (5 
days). This agrees with the results of Peters et al (1996).
The significant positive relationship between the duration of hospitalization and the 
timing of extraction of the offending tooth is understood, since delay elimination of 
the causative factor leads to persisting infection with more chance of pus formation 
and delayed improvement of the condition. This indicates the importance of early re-
moval of the infection source, which is usually performed by extraction of the causa-
tive tooth. The reason for the delay in extraction could be explained by in ability to 
obtain effective anesthesia on an infected area and the difficulty to access teeth, 
especially molar teeth due to trismus. 
Trismus related fascial space infection could be of variable degrees. The most severe 
type of trismus (grade III) was associated with sub-masseteric space abscess (in half 
of the cases). The other half of cases with sub-masseteric abscess were associated 
with grade II trismus. Grade II trismus affected 76.5% of patients with submandibu-
lar space infection.  The high incidence of trismus in these spaces might be explained 
by the extent of swelling that interfers with jaw movement with related pain. This 
agrees with the fact that trismus usually complicates  odontogenic infection involving 
masticatory spaces (Flynn, 2004). 
There are case in the study (16.1% of patients) were free of trismus, and 73.8% 
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were presented with trismus in both grade I and II. This could be related to the fact 
that mild cases of odontogenic infection with no trisumus or mild cases of trismus are 
already treated primary health care centres.This agrees with  (Steinkeler, 2014) and 
(Uluibau et al., 2005) . High incidence of trismus in the present study compared to 
Rehmann et al (2005) might be explained by lack of adequate attention paid by other 
studies to this influential variable as confirmed by the influence trismus has on the 
duration of antibiotic intake, drainage period and duration of hospitalisation.  
The highest duration of hospitalization was found in both sub-masseteric and sub-
mandibular space, which were associated with Grade II and III trismus. This result 
highlights that degree of mouth opening can be considered as useful predictor for 
seriousness of the condition and that attention should be directed toward correction of 
trismus throughout the treatment course.          
Trismus causes difficulty in performing tooth extraction and delays completion of the 
treatment (Flynn et al., 2006). Trismus must be thoroughly evaluated so that a po-
tential life-threatening situation is discovered as early as possible (Dhanrajani and 
Jonaidel, 2002). Treatment of trismus requires physical therapy by active and pas-
sive range of motion devices. Additionally, control of symptoms with pain medications 
(NSAIDs) and muscle relaxants. Pain can affect the performance of physiotherapy and 
it is the causative factor of trismus in many patients. 
In the current study, the selection of antibiotic for treatment was almost depended 
more on sensitivity test and availability. Amoxicillin was the first choice of treatment 
and was used more than other antibiotics; alone or in combination with Metronidazol. 
Penicillin group remains the antibiotic of choice in the majority of published studies 
(Bakathir et al., 2009; Mahmoodi et al., 2015; Pourdanesh et al., 2013; Sixou et al., 
2003; Zamiri et al., 2012). The use of Amoxicillin as first choice was supported by 
the fact that patients whom were under this antibiotic had the shortest drainage time 
and hospital stay. Amoxicillin is bactericidal, broad-spectrum antibiotic covers most 
of species of odontogenic infection bacteria leads to early remission. The shorter time 
needed for drain in use can explain the early discharge the patient from the hospital. 
However, this study finding seems to disagree with Formete et al, who did believe that 
the type of antibiotic influences hospitalization time (Fomete et al., 2015). 
The range of hospital stay as reported in the current  study is comparable to what 
has been reported in the literature (5.1 to 14.8 days) (Sette-Dias et al., 2012; Zamiri 
et al., 2012). The mean length of stay was four days (Parker and Khateery, 2001). 
According to American association of Endodontic, systemic administration of the ap-
propriate antibiotic usually ranges from five to seven days and the clinical findings 
of infections can be eliminated within two to four days after removal of the infection 
cause (Baumgartner JC and T., 2003).
However, Sandor GK et al recommended the use of Clindamycin which is a lincosa-
mide (like the lincomycine ), as first line therapy in odontogenic infection (Sandor et 
al., 1998) , justifying this  by the failure of treatment with penicillin shown in some 
studies. Flynn and colleagues found a 26% failure rate of penicillin when used in a se-
ries of 34 hospitalized cases of odontogenic infection (Flynn et al., 1999). The choice 
for lincomycin in our study  agrees with the Sanford Guide to Antimicrobial Therapy 
(Gilbert et al., 2009).
All types of antibiotics used in the current study were safe with no complications or 
side effect. Although it was not statistically confirmed by the current study, Lincomy-
cine has been an effective alternative when the patient is allergic to penicillin. Pseu-
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do-membranous colitis were not reported in patients treated with Lincomycin during 
this study. 
Many laboratory tests were used to investigate the general condition of the odonto-
genic infection, patients to determine its influence over the clinical course and prog-
nosis.  white blood cells used as parameter for the severity score of the infection 
(Flynn et al 1999) ,WBC count, erythrocyte sedimentation rate and admission temper-
ature are of monitoring value for the diseases progress (Dodson TB et al., 1989)
 In this study, A significant negative correlation was observed between WBCC and 
duration of antibiotic use (p= -0.029). Despite that WBCC can be useful in assessing 
a patient’s response to therapy, it is agreed that raised CRP could have more value in 
determining severity of infection (Bakathir et al., 2009; Unkila-Kallio et al., 1994; Yli-
joki et al., 2001).This might be related to the slow reaction of WBC to bacterial infec-
tion (Unkila-Kallio Let al., 1994). 
There was a negative correlation between Hb level and duration of drain in place, du-
ration of antibiotic use and hospitalization was. However, it has not been statistically 
significant. 

Conclusion 
Early removal of the causative tooth and severity of trismus seem to influence the od-
ontogenic infection management outcome in terms of duration of antibiotic use, dura-
tion of drainage and hospital stay.
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Abstract
Background Periodontal health at the restorative gingival interface continues to rep-
resent one of the most difficult challenges. Unfortunately, they only mimic the physi-
cal and morphological aspects of teeth, as they are limited by the absence of the ‘ide-
al material’ that would provide characteristics similar to the normal tooth structure. 
Aims To determine the influence of class II amalgam and composite restorative mate-
rials on plaque accumulation, gingivitis and periodontal pocket depth. Materials and 
Methods One hundred patients were included in the study. The age ranged between 
(21-24) years old. The sample was composed of two groups (50 patients each), with 
an equal ratio of males and females. The tested restoration types were: amalgam 
class II (MO) and composite class II (MO) of 2-3 years. The following periodontal 
parameters: plaque index (PI), gingival index (GI) and pocket depth (PD) in mm were 
recorded for each restored tooth compared with non-restored tooth on the other side 
of the mouth as a control. Results The results showed that amalgam induce the high-
er means of plaque, gingivitis and pocket depth compared with composite. The mean 
of the three parameters, as compared to control group, were statistically higher in 
the restored amalgam surfaces (p<0.05). For composite restoration the means of the 
three parameters were also higher but not in significant levels for both plaque index 
and gingival Index, except for pocket depth of the restored surfaces were significantly 
higher than the controlled surfaces. However, there were no significant differences in 
the ranks of the three mesial indices of patients having amalgam in comparison with 
those having composite. Conclusion This study suggests that composite restorations 
did not have a significant advantage on periodontal health over amalgam restorations 
for Class II posterior teeth.

Key words: Amalgam, composite, plaque index, gingival index, 
pocket depth. 

Introduction
Dental restorations aim to restore tooth function, aesthetics and surface integrity. 
Unfortunately, in their effort to repair teeth and restore aesthetics and function, clini-
cians only mimic the physical and morphological aspects of teeth. They are limited 
by the absence of the ‘ideal material’ that would provide characteristics similar to the 
normal tooth structure (Albandar et al., 1995).  
Periodontal health at the restorative gingival interface continues to represent one 
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of the most difficult challenges for the restorative dentistry due to the potential of 
plaque accumulation on the tooth surface. 
Dental plaque is composed of various bacterial species embedded in a matrix of bac-
terial products. This bacterial biofilm stimulates gingival inflammation (Marsh, 2004). 
Thus, it is important to achieve better restoration contour and marginal integrity to 
minimize the effect of bacterial plaque (Gracis et al., 2001).  
Many types of materials used to restore carious lesions in posterior teeth. Each ma-
terial has its advantages and disadvantages. Basically, most of the dentists choose 
amalgam for posterior restorations. Think amalgam is safe and poses no health risks 
to the patient and it is the best material for posterior restoration (Nomann et al., 
2013). 
Demand for aesthetic dental restorations and public concerns about adverse systemic 
effects from dental metals and alloys have led to the increase use of dental compos-
ite restorative materials, which became very popular to the dentist (Gemalmaz and 
Ergin, 2002). However, maintaining periodontal health, even for correctly restored 
tooth surfaces, still a problematic issue (Banihashemrad et al., 2012). This makes the 
choice between amalgam and composite as restorative materials still an area of con-
troversy.

Aims To determine the influence of class II Amalgam and Composite restorative ma-
terials on plaque accumulation, gingivitis and pocket depth. 

Material and Methods
Patients sample selections
This study was conducted during the period between the 20th of February and the 
20th of August, 2016. Hundred patients attended Al-Nadwa private dental clinical 
center, were examined. All examined patients were Erbil city residents. Participants 
were non-smoker young adults between (21-24) years old (Arneberg et al., 1980). 
The following types of restorations were examined: Class II (MO) amalgam and com-
posite restoration with the gingival contact. The age of the restorations was within 
the period 2-3 years. All the restored teeth were in occlusion with the natural denti-
tion and have proximal contact with adjacent teeth. All the restoration had been done 
by the same operator (Kiremitci et al., 2009). The technical procedure and the final 
restorative materials for amalgam (Spherical Alloy Self–Activating Capsule) and for 
composite restoration (Universal Nano Hybrid Z 250) were basically the same. The 
matching contra-lateral non-restored tooth served as a control for each restoration. 
The control surfaces were examined similarly to the restored surfaces (Al-babneh et 
al., 2011).  
Out of the 100 patients included in the study, 50 were males and 50 were females. 
The sample size included 50 amalgam restorations (25 male and 25 female), and 50 
composite restorations (25 male and 25 female). The number of control group was 
similar to the restored teeth included in the study.
Inclusion criteria:  adult males and females with proximal restorations on on 1st and 
2nd lower molar teeth, with regular oral hygiene maintenance (twice daily) with no 
particular attention to interproximal areas (Dijken et al., 1987). The included partici-
pants had restorations. 
Exclusion criteria: patients wearing orthodontic appliances; pregnant ladies; ladies 
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within the period of hormonal changes; patients with systemic health problems with 
well established links to periodontal diseases, such as diabetes mellitus and patients 
who had received periodontal treatment within the last 3 months (Al-babneh et al., 
2011).

Clinical periodontal examination
For each sample tooth, the periodontal examination was performed by a single exam-
iner and the following parameters were recorded: plaque index (PI) (Silness and Loe, 
1964), gingival index (GI) (Lo¨e and Silness, 1963) and pocket depth (PD) (Ramfjord, 
1967). The PI, GI, and PD were recorded for each restored tooth and in the similar 
non-restored tooth on the other side of the mouth as a control. For each tooth, me-
sio-buccal surface was examined (Broadbent et al., 2006; Susin et al., 2005).  
Dental probe was used for both plaque index (PI) and gingival index (GI) (CPITN 
Probe) (Abidi et al., 2011), whereas, Pocket depth (PD) was measured as described 
by Ramfjord (Ramfjord, 1967) from the free gingival crest to the level of attachment 
of the periodontium. The measurements were made with calibrated probes in millim-
eter’s (University of Michigan “O” probe, with Williams’s markings) (AL-Wahadani et 
al, 2006). 
 
Statistical analysis 
The data were analysed using the statistical package for social sciences (SPSS, ver-
sion 19). Mann Whitney Test was used to compare the ranks of readings of the stud-
ied parameters (PI, GI, and PD) between patients for both amalgam and composite 
restorations. Wilcoxon signed rank test was used to compare the ranks of readings 
between restored and non-restored (control) surfaces for the same patients. A p 
value of ≤ 0.05 was considered statistically significant. 

Result
Comparison 
Table 1, Figure 1, and Figure 2 compare between periodontal parameters (PI, GI, and 
PD) of restored and non-restored (control) surfaces of the same patients having Class 
II amalgam and composite restorations. 
Table 1 and Figure 1 show that the mean ranks of the three parameters (PI, GI and 
PD) are statistically higher in the restored teeth (amalgam class II mesial) than the 
controlled teeth (p<0.05). As compared with the control table (1) shows that (mesial) 
class II amalgam restorations have the higher means of (PI, GI, and PD) indices as 
compared with those of (mesial) class II composite restorations.
The same table and Figure (2) show that the means of the three parameters for 
(composite class II mesial) are also higher than the control group, but not to a sta-
tistically significant level for both Plaque index and Gingival index (p>0.05), except 
pocket depth of the restored surface of composite. Pocket Depth of composite re-
stored surfaces was significantly higher than the controlled surface of the same pa-
tients (p < 0.001). 
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Table (1): Comparison between PI, GI, and PD parameters of restored and non-re-
stored (control) surfaces of the same patients having class II amalgam and composite 
restorations.

 

Figure (1): Comparison between the PI, GI, and PD parameters of restored and non-
restored (control) surfaces of the same patients having class II amalgam restoration.
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Figure (2): Comparison between PI, GI, and PD parameters of restored and non-re-
stored (control) surfaces of the same patients having class II composite restoration.

Table (2) and Figure (3) compare the means of the three mesial indices of patients 
having amalgam and patients having composite restoration. They demonstrate no sig-
nificant differences in the ranks of the three mesial indices of both restorations. They 
also show that the ranks of the mesial indices of the non-restored (control) surfaces 
of the amalgam group do not significantly differ from the ranks of the indices of the 
non-restored (control) surfaces of the composite group.

Table (2): Comparison of means of the three mesial indices of patients having amal-
gam and the means of the indices of patients having composite restoration.
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Figure (3): Comparison of means of the three mesial indices of patients having amal-
gam and the means of the indices of patients having composite restoration.

Discussion
Comparison between restored and non-restored surfaces
Plaque index (PI)
In this study it appears that class II amalgam and composite restorations have a 
higher plaque accumulation than controls. This might be attributed to several factors, 
such as the anatomical location of the restoration and the nature of the restorative 
material, which render these restorations either difficult to maintain and/or difficult to 
be cleaned. Amalgam is insoluble and its outer surface and interface which is in con-
tact with dental tissues, is susceptible to tarnish and corrosion. Plaque is conducive to 
surface corrosion of amalgam. 
The clinical studies analysing and comparing restorative materials with the conse-
quent formation of gingivitis and periodontitis shows variations in plaque formation 
among restorative materials and sound dental enamel. Regarding this study the result 
is agreeing with other studies, which found significant differences in plaque indices 
between amalgam surfaces and non restored surfaces Davari et al., (2014), Renggli 
and Regolati, (1972). 
However, this result disagrees with Ababneh et al., (2011) who showed no significant 
difference between restored amalgam surfaces and the control group. This might be 
attributed to poor proximal hygiene in this study group. This also might be explained 
by the lack of proper instructions provided by the dentists after tooth restorations. 
Patients in this group seem unaware of the fact that presence of restoration does not 
mean the end of the problem, and they should be informed that restoration surfaces 
need more attention. 
Despite statistical analysis showed no significant difference between Class II compos-
ite restorations and control, still the mean value of plaque accumulation in Composite 
surface is higher. Composite restoration has a smoother surface compared to amal-
gam surface (Pandi et al., 2014). The result of the current study agrees with Ababneh 
et al., (2011). They found no significant difference between restored surfaces with 

Dr.Sarra A. AL-Sanjary & Dr.Saher S. Gasgoos



Volume 4, Issue 2 2017

88

composite and controls. Ababneh et al., (2011) and Reitemeier et al., (2002) found 
that restored surfaces had less PI than control surfaces. They attributed this to the 
fact that patients were more aware of the restoration site and therefore probably 
cleaned it more. However, this disagrees with Davari et al., (2014) who reported stati-
cally significant difference between Composite surface and controlled tooth surfaces. 
This might be related to the type of composite used in the present study (universal 
nano hybrid). Azizi and Rezaei, (2009) showed that the Nano filler particles reduce 
surface roughness and bacterial adhesion. Very small filler particles result in high 
polish-ability and the smoothest surface among available composites.
Higher plaque accumulation on restoring surface might indicate lack of adequate use 
of interdental aids for plaque control in proximal areas. This mandates a change in 
the attitude of patients toward their oral hygiene habits with the presence of tooth 
restoration. 

Gingival Index (GI)
As far as the gingival index is concerned, Class II amalgam restorations were as-
sociated with the high GI scores, which mean more significant gingival inflammation 
compared to control surface group. It is generally assumed that amalgam restorations 
induce gingivitis mainly by increasing the plaque retention, as reflected by the high 
PI scores on these surfaces, even with well adapted subgingival amalgam restoration, 
Renggli and Regolati, (1972), Banihashemrad et al., (2012), Davari et al., (2014) and 
Paolantonio et al., (1990), however, reported good biocompatibility of well-finished 
Class II amalgam restoration of gingival health. On the other hand, Albabneh et al., 
(2011) showed that amalgam Class II restorations were associated with higher gingi-
vitis compared to non restored surfaces, though not to significant level.
Absence of significant effects of Composite restoration on PI score might reflect better 
biocompatibility to gingival tissue with less gingival irritation. This would result in less 
accumulation of plaque compared with amalgam restoration. Ababneh et al., (2011) 
reported that tooth-coloured materials (i.e. Composite) did not have a significant ef-
fect on the gingival health of restored surfaces when compared to controls. On the 
other hand Willershausen et al., (2001) reported high prevalence of gingival bleed-
ing in association with resin-based restorations. Furthermore, Davari et al., (2014) 
showed that highly significant difference between class II composite restoration and 
non-restored teeth, Since PI for composite restoration in this study was not signifi-
cantly different than control; it is expected to have less incidence of gingivitis. This 
reflects that smoother surface of composite accumulates less plaque and eventually 
result less gingivitis.

Pocket Dept (PD)
Amalgam was associated with higher periodontal involvement than composite. In 
general Class II (amalgam and composite) restorations were found to be associated 
with higher pocket incidence when compared to non-restored surfaces of the same 
patients (p<0.001). High PI scores on the amalgam restored surfaces, which are 
also consistent with the high GI scores (i.e. gingival inflammation) on these surfaces 
may be due to the cleaning difficulty for proximally restored tooth surfaces using a 
toothbrush without auxiliary Interdental aids. In addition, margin position and char-
acteristics play an important role in determining periodontal tissue response to the 
restoration. This comes into agreement with previous studies (Albandar et al., 1995) 
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(Broadbent et al., 2006) (Banihashemrad et al., 2012).
Therefore, it is expected that this study results regarding class II amalgam restora-
tion to agree with other studies. Ababneh et al., 2011 and Davari et al., 2014 studies 
found that amalgam was associated with significantly higher PD values than the con-
trol surfaces. 
For Class II composite restoration the result agrees with Ababneh et al., 2011, Davari 
et al., 2014, Farias et al., 2008 and Willershausen et al., 2001.

Comparison between Class II amalgam and Class II composite restorations 
Plaque index (PI) 
It is generally agreed that different materials have different molecular distributions 
and surface chemistry, which could influence bacterial adhesion. This reflects the dif-
ference in dental biofilm growth rates on various dental materials (Grivet et al., 2000, 
Svanberg et al., 1990, Quirynen et al., 1989).
However, the result of the present study showed no obvious differences in the ranks 
of the three mesial indices for PI, GI and PD in amalgam and composite restorations. 
Class II amalgam restorations, were associated with the higher amounts of plaque 
compared to Composite, although not of significant value from. Lawaf et al., (2016) 
found that the adhesion of Streptococcus mutans to Nano-hybrid composite is lower 
than their adhesion to Amalgam. This might explain why periodontal indices are lower 
in composite compared to amalgam in this study.
Absence of significant difference between the two filling materials agrees with previ-
ous studies. Hannig, 1997 in a transmission electron microscope (TEM) study found 
no principal differences in the ultrastructure of the pellicle were observed between the 
different dental materials during the 6 hours of pellicle formation. 

Gingival index (GI)
Each of these restorative materials has its drawbacks regarding gingival health. Rajan 
and Ramamurthy, (2014) stated that restorative resins lack adequate strength, devel-
op porosity and wear off over time. Needless to mention the interaction between the 
resin with the organic compounds in toothpaste, plaque and soft drinks, which may 
have softened effect on composite material leading to surface roughness. This might 
explain the findings of Davari et al., who revealed that composite significantly higher 
in periodontal parameters than amalgam restorations (Davari et al., 2014). 
Nevertheless, Rajan and Ramamurthy, (2014) also believe that materials such as 
amalgams (used in conventional interproximal restorations), require the highest pos-
sible degree of polish due to their interaction to the gingival environment. Surface 
roughness of these materials can provide foci for plaque accumulation and hence the 
need for polishing.  Another in vitro study Kawai and Urano, (2001) examined the 
amount of bacteria adhering to different restorative materials using radioisotopes. 
Their investigation concluded that bacteria adhered more to amalgam compared to 
resin composite. Ababneh et al. (2011), however, did not find it statistically different 
from those of composite, which agree with the result of this study. 
The higher gingival mean in Class II amalgam restoration as compared to Class II 
composite with no significant difference is agree with (Ababneh et al., 2011), but the 
result disagrees with Davari et al. (2014) who reported higher incidence of gingivitis 
in Class II composite compared to class II amalgam restored teeth with statistically 
significant difference. This has been explained earlier by the possibility of smoother 
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composite restoration used in the current study. 

Pocket depth (PD)
The deepest PD values were found higher around both amalgam and composite res-
torations; this may be attributed to the high plaque accumulation observed around 
restored proximal surfaces, probably related to the reduced accessibility to cleaning. 
Age of the restoration might influence periodontal involvement. In the included sam-
ple the examined restorations were 2-3 years old. 
Older restorations have more chance of periodontal problems due the accumulated 
plaque in the absence of interdental cleaning aids. As compared to controls, highly 
significant effects of pocket depth appear around Class II (amalgam and composite) 
restorations. Amalgam is associated with the greater periodontal breakdown than 
composite in agreement with Ababneh et al., (2011) who presented that amalgam 
was associated with significantly higher PD values than composite restorative materi-
als.
Absence of significant differences between PD in (amalgam and composite restora-
tions) agrees with Davari et al., (2014). However, they found that the mean score of 
PD was slightly higher in the group of Class II composite compared to Class II amal-
gam restorations. As suggested earlier, this might be attributed to the nature of com-
posite filling used in this study. Davari et al., 2014, however, did not state the type of 
composite they used in their study. 

Conclusion
This study suggests that composite restorations did not have a significant advantage 
on periodontal health over amalgam restorations for Class II posterior teeth.
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Abstract   
Background Using the extraoral indicators is a common method to determine the 
size and shape of the artificial teeth. Aim This study was conducted to assess the 
relationship between the mesiodistal width of maxillary central incisors and some 
facial anatomical landmarks (Bizygomatic and Inter-canthal distance). Materials and 
Methods A prospective cross-sectional study was conducted on 160 adult students, 
with the age range between 18-25. Mesiodistal widths of maxillary central incisors 
and two facial widths (bizygomatic and inter-canthal) were marked and measured 
by digital caliper to the nearest of 0.01mm. Data were analyzed statistically using 
SPSS (V-18) software. Results The statistical Analysis demonstrated the correlation 
of the mesiodistal width of a right central incisor with bizygomatic and inner-canthal 
widths was significant at P-Value of (P< 0.05), Spearman›s correlation of bizygomatic 
for male was 0.358 and female was 0.305, and the spearman›s correlation of inter-
canthal for male was 0.318 and female was 0.312. In the male, the correlation of the 
mesiodistal width of a left central incisor with bizygomatic and intercanthal widths was 
weak; Spearman›s correlation was 0.043 for bizygomatic and was 0.123 for inter-
canthal. While for female, it showed a strong correlation, spearman›s correlation was 
0.349 for bizygomatic and was 0.298 for intercanthal. Conclusion The results pro-
posed that the inter-canthal and bizygomatic widths are both good prognostic factor 
in determining the mesiodistal width of the maxillary right central incisor. Also con-
cluded that the correlation between maxillary central incisor width and bizygomatic 
and inter-canthal widths could be differed by gender. 

Key words: Esthetics; Anatomic Landmarks; Upper Central Inci-
sors.

Introduction
Much of the information related to treatment planning in dental esthetic were derived 
from the face and anatomical landmarks of the face could be used to determine the 
proportions of anterior teeth (Naylor, 2002)). The size of the anterior maxillary teeth 
is imperative for optimized dental and facial esthetics. Several anatomic landmarks 
bear fixed positional relationships to some natural teeth. These landmarks serve as 
reliable guides in replacing natural teeth with artificial teeth (Sellen et al., 2002).
A review article by Karunakar et al., (2013) states that Berry were suggest a (1:16) 
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proportionality ratio between the facial width and mesiodistal width of the maxil-
lary central incisors (Fenn et al., 1986; Engelmeier, 1996; Alwazzan, 2001; Abdullah, 
2002; Naylor, 2002; Bozkir et al., 2003; and EL-Sheikh et al., 2010). Authors of many 
recent studies suggest observing people’s_facial measurements in order to obtain ob-
jective guidelines for anterior teeth width selection and measuring distances_between 
certain reference points of the face. Considers facial analysis with digital photography 
as a practical and efficient application were performed by (Gomes et al., 2006; Lucas 
et al., 2009; and Isa et al., 2010), many authors were performed all measurements 
by using a digital caliper (Zlataric et al., 2007; Tandale et al., 2007; and Gonçalves et 
al., 2009).  
However pre-extraction records for Iraq population are not available, therefore the se-
lection of proper anterior teeth size for edentulous patients will be very difficult. That 
is why many anatomical measurements have been suggested, such as inter-canthal 
distance (I.C.D), inter-pupillary distance, outer-canthal distance, inter-allar width, 
bizygomatic distance, inter-commissural distance, intra-condyler width, and philtrum. 
This study was conducted to determine the relation of mesiodistal width of clinical 
crown of the maxillary central incisor and the several facial widths in 160 dental stu-
dents with age range between 18-25, 80 males and 80 females of Duhok Polytechnic 
University/ Duhok Technical Institute and Duhok University/ College of Dentistry. 

Materials and Methods
In this prospective cross-sectional study, a 160 students with age range between 
18-25, 80 males and 80 females, gathering the inclusion criteria: all maxillary teeth 
present; no diastemas, Angles Class I relationship, teeth free from filling, no history 
of orthodontic treatment, severe attrition and caries cases were excluded
The facial width was measured according to two categories:
1- Inter-canthal width was defined as the distance between the right medial canthus 
and the left medial canthus (EL-Sheikh et al., 2010), figure 1(A).
2- Bizygomatic width the facial width taken between the most lateral points on the 
external surfaces of the zygomatic (Jafari et al., 2014), figure 1(B).

Figure 1: A) measuring intercanthal distance by digital calipers ruler. B) measuring procedure 
of bizygomatic distance. C) & D) measuring the mesiodistal width of the maxillary central 
incisor from the dental cast with digital calipers, hold the digital caliper perpendicular to the 
tooth long axis during measurements.
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The distances were measured three times using a digital caliper with 0.01 mm accu-
racy (Mitutoyo Crop, Tokyo, Japan), figure (2). 

 
Figure 2: Digital caliper ruler with 0.01 mm accuracy (Mitutoyo Crop, Tokyo, Japan).

Dental casts were prepared by taking impressions, with irreversible hydrocolloid im-
pression material (Alginate Cavex Holland), and then impressions were poured im-
mediately using type 1 dental stone (ZETA Muffle Italy). The mesiodistal width of the 
maxillary central incisors was measured from the dental cast with a digital caliper. The 
measurements were repeated three times for accuracy (Jafari et al., 2014), figure 1(C 
and D).
For this study, a sharp-tipped digital caliper read to the nearest 0.01 mm was used 
to gauge mesiodistal width of each maxillary central incisor from the labial side us-
ing outer edges of caliper positioned between the contact points of teeth, the mean 
of measurements was then calculated. This process was done for both right and left 
central incisor teeth. After that, the correlations between the measured distances (the 
inter-canthal and bizygomatic distances with a mesiodistal width of clinical crown of 
upper central incisors) were calculated using Pearson correlation coefficient based on 
the obtained data and considering the age variable (18-25) years old.

Results
Measurements of intraoral landmarks were taken from stone casts of maxillary im-
pressions using digital calipers devices. Each measurement was completed by three 
assessors to obtain the mean value. Data were statistically analyzed using SPSS ver-
sion 18 software and followed by post hoc analysis (P ≤0.05). Spearman›s rank-order 
for correlation was used to determine whether a correlation exists between measure-
ments. In this study, the width was measured three times, then the mean of the three 
readings was calculated, this to reduce the errors that could be related to the digital 
caliper device position during the tooth-face measurements, and to be more accurate 
in results. The descriptive statistical analysis of the mesiodistal width of maxillary 
central incisors to bizygomatic and inter-canthal widths are shown in figure (3). 
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Figure 3: Bar chart showing the “Mean (mm) and SD’’ of the tooth-facial measurements 
among the aged study group. 

In table (1), the results of the statistical correlation between the mesiodistal width of 
right central incisor to inter-canthal width were significant at P<0.05. 
Table (1): Differences in tooth-facial measurements among gender using T-test and 
Mann-Whitney test at significance level of (P ≤0.05), group A (male) vs. group B (fe-
male):

The correlation bizygomatic and intercanthal widths with right and left mesiodistal 
width of central incisors revealed a significant positive correlation for the right central 
incisor with P<0.05. While it showed non-significant correlation with left central inci-
sor with P>0.05. Table (3) presented the correlation of the measured facial widths 

Dr.Ali Shakir,Dr.Shukriya Hussein & Dr.Abdul Qadir Majeed 



Volume 4, Issue 2 2017

97

with the width of right and left central incisor between male and female study groups. 
It was a significantly positive correlation for the right central incisor with P <0.05 in 
both genders. While the correlation with left central incisor was small and non-signif-
icant for the male student group and significant positive correlation for a female with 
P>0.05.

Table (2): Correlations between bizygomatic width and inter-canthal width with right 
vs. left maxillary central incisors teeth:

Table (3): Correlations between bizygomatic width and inter-canthal width with right 
vs. left central incisors teeth for group A (male) and group B (female):

Discussion 
The presented study was undertaken to determine the relation of maxillary central 
incisor width with that of bizygomatic and inter-canthal, as well as to determine the 
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correlation between examined parameters and among the gender which could be 
useful in the clinical treatment of our population. Although this research was care-
fully prepared, there were some unavoidable limitations. First, the sample size is only 
limited to 160 students who were attending their semesters at the University. The 
second limitation was the geographical region that this study be conducted. 
The samples were only taken from the university students at Duhok city only, thus the 
samples cannot be the representative of the rest of the population. A third limitation 
was the inaccuracies common to the making of dental casts. Also the minor positional 
differences of the digital caliper devices that can occur during readings the variables 
three times. In earlier studies, measurements were done on extracted teeth (Sterret 
et al., 1999; Ellakwa et al., 2011); However, recent investigations attempted to meas-
ure the clinical tooth dimensions either on casts or using computer-based images or 
intraoral evaluations (Cesario, and Latta, 1984; Ellakwa et al., 2011; Strajnic et al., 
2013; Ahmed, N. et al., 2015 and Mishra et al., 2016). 
All these methods were aimed to relate the facial measurements and predict width of 
maxillary anterior teeth. Although Ahmed et al., (2015); stated that there is no rela-
tion between these facial measurements and central incisor width. In this study, a 
young and healthy sample was evaluated, with no marked alterations in the shape of 
the face and incisors. 
There is a natural and considerable prevalence of facial asymmetry in the popula-
tion and great variability in face shapes (Severt, and Proffit, 1997). Diseases such as 
Cushing’s syndrome and lipodystrophy may alter the facial contour (Priscilla et al., 
2007). 
They restrain the perception and determination of a common sense criterion as do 
several other factors including body-weight, and age. With increasing age, a general-
ized subcutaneous dehydration occurs that contributes significantly to skin wrinkling 
and contraction, leading to a reduction of facial volume. In some cases a decrease in 
the vertical dimension of the face also occurs, giving the face a slightly shorter aspect 
and making the cheek contour more prominent (Felipe et al., 2010). Furthermore, 
incisors have anatomic characteristics that vary in accordance with age. The teeth of 
elderly people present a higher frequency of rotations, inclinations in the mesiodistal 
direction, deviations from the midline, abrasion and gingival retraction (Rudiger, and 
Frauke, 2004). 
The biometric ratio presented in table (1) showed the actual measurement of the 
width of the study variables, were compared between male and female groups. The 
results exhibited no significant difference (P>0.05) in the width of the central incisors, 
these finding could be not in line with previous studies (Sterret et al., 1999; Alwaz-
zan, 2001; Owens et al., 2002; Hasanreisoglu et al., 2005; and Ahmed, N. et al., 
2015), They reported that the width of maxillary central incisor was significantly wider 
and longer in males than females. Slight gender variations in the width of the bizy-
gomatic have been significantly noted for groups, with men exhibiting wider (median 
112.04) than women (median 109.45). However; the inter-canthal width reveals non-
significant variations. In the present study, the results showed that the proportional 
ratio between the width of central incisors and inter-canthal width was 1/3.6 and that 
with bizygomatic was 1/13. This ratio was commonly used to determine the size of 
the maxillary anterior teeth. 
A previous investigation found the 1:16 ratio of the bizygomatic distance to the cen-
tral incisor width (Bozkir et al., 2003; Hasanreisoglu et al., 2005; and EL-Sheikh et al., 
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2010). This minor variation of the ratio of this study to other studies may be related 
to genetic variability due to geographical origin and historical background. By con-
ducting statistical analysis of the study population, table (II) showed the significant 
correlation between the mesiodistal width of right central incisor with bizygomatic 
and inter-canthal widths (P<0.05), Spearman›s correlation coefficient of bizygomatic 
=0.304 and inter-canthal =0.310 which is in agreement with the study by (Abdullah, 
2002; Alwazzan, 2001), who indicate that the inter-canthal distance could be used to 
select maxillary anterior teeth for edentulous patients. When the subjects were sepa-
rated by gender, a significant positive correlation of right central incisor width with 
measured facial widths in both gender was revealed, (P-value 0.001, 0.006, bizygo-
matic males and females, respectively) and (P-value 0.004, 0.005, intercanthal males 
and females, respectively), since P-value is less than (0.05) therefore the width of 
the central incisor on the cast can be determined from the facial width. For example, 
if someone has a wide face or high value in facial indicator may be this indicates that 
his/her central incisors are also wide. The result was agreement with the work of (Ab-
dullah et al., 1997; Abdullah, 2002; EL-Sheikh and Mendilawi, 2003).
It was also proved with the results of the study by Strajnic et al., (2013), who con-
cluded that the static measurements of the low correlation between the inner-canthal 
distance and the width of anterior teeth were established. It also showed that male 
subjects have higher values than females, based on the harmonious relationship be-
tween the size and shape of teeth in relation to gender and individual constitutional 
characteristics. Regarding the correlation between the widths of the left central inci-
sor with the measured facial parameters, a highly significant result was observed in 
females (P-value 0.002, 0.007, bizygomatic and inter-canthal, respectively). While in 
males, this study did not observe significant correlation (P-value 0.707, 0.276, bizy-
gomatic and inter-canthal, respectively). 
This result was proved with Ahmed et al., (2015) who concluded that the comparison 
of maxillary central incisor width with inter-canthal width was significantly higher for 
females than males. Considering that no research, including this study, confirms a 
high correlation between facial and dental parameters, most authors suggested using 
this method as a guideline in selecting the width of anterior artificial teeth but only 
combined with other methods.

Conclusion
From the results of the present study, it was concluded that the ratio between inves-
tigated inter-canthal and bizygomatic widths and maxillary right central incisor width 
could be used to assist the clinicians in calculating the maxillary incisor width in the 
absence of pre-extraction records. While the ratio of examined facial measurements 
to the maxillary left central incisor width cannot be considered as a  reliable guideline 
in the selection of artificial upper anterior teeth; However, they may be used as a use-
ful additional factor combined with other methods to calculate the dimension of teeth 
used for the future denture. The results were also concluded that the correlation be-
tween maxillary central incisor and facial measurements that have been applied previ-
ously could differ by gender.
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Abstract
Background Increasing the orthodontic micro-implant stability and enhancing bone 
response around it, is a fundamental objective of successful therapy. Materials and 
Methods Thirty orthodontic micro-implants, 1.3 mm in width and 5 mm in length 
(Dentos, AbsoAnchor, South Korea), were used with three implants were inserted in 
the right tibias of ten New Zealand rabbits, the rabbits categories into two groups, 
five each. The primary stability was measured once the implant inserted, using Peri-
otest. The experimental group fed (0.5% wt/vol/day) Green Tea, using the loading 
technique, for four weeks interval. At the end of the experimental period, the rabbits 
were sacrificed, and the secondary stability measurement was taken. Results Using 
paired t-test, the results showed a significant increase in secondary stability for the 
experimental group after four weeks experimental period when compared with the 
primary one. While the control group showed a non-significant increase in the second-
ary stability compared with the primary one. Conclusion This study concluded that 
the Green Tea could enhance bone response around orthodontic micro-implant within 
four weeks healing period and consequently increase the stability of orthodontic mi-
cro-implant

Key words: Green Tea, Micro-Implant, Stability.

Introduction
Anchorage is a daily problem in clinical orthodontic practice and, considered one of 
the most limiting factors of the orthodontic therapy (Luzi et al., 2007). Further pre-
dictable and satisfactory results were achieved with the use of orthodontic micro-
implants (Baumgaertel et al., 2008). The success of the micro-implants depends 
on achieving and maintaining their stability throughout the orthodontic treatment 
(Wilmes et al., 2006). The bone remodeling process after insertion of a micro-implant 
needs time in order to provide a suitable support for the micro-implant (Rebaudi et 
al., 2011).
Many attempts to improve the bone response around the micro-implant, such as laser 
etching and micro arc oxidation (Guo et al., 2010), ultra violet (UV) treatment of im-
plants surfaces (Gao et al., 2013), and chemically modified implant surfaces (Feller et 
al., 2015).Various studies proved the positive effects of the natural products on bone 
response, Green Tea considered one of the natural products that has several health 
benefits (Johnson et al., 2012, Chacko et al., 2010 and Cabrera et al., 2006). Green 
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Tea is rich in polyphenol flavonoids including (-)-epigallocatechin-3-gallate, (-)-epi-
gallocatechin, (-)-epicatechin-3-gallate, and (-)-epicatechin (Byun et al., 2014). Epi-
gallocatechin-3-gallate (EGCG) is the most abundant and potent green tea catechin. 
Epigallocatechin-3-gallate has been extensively studied for its beneficial health effects 
as a nutriceutical agent; EGCG is beneficial for bone regeneration and has a promising 
treatment strategy for bone repair therapies (Wang et al., 2016). Green tea bioactive 
components among these EGCG favor bone formation and suppress bone resorption 
(Shen et al., 2009). 
Different methods used to assess implant stability among those: surgeon’s percep-
tion, insertion torque, seating torque, reverse torque, radiographs, percussion testing, 
periotest, implant mobility checker, and resonance frequency analyzer (Digholkar et 
al., 2014, Agarwal et al., 2016, Meredith et al., 1996, Mathieu et al., 2014 and At-
sumi et al., 2007). The Periotest offers a reliable method of diagnosing micro-implant 
status by measuring levels of subclinical mobility in a reproducible manner (Van and 
Wilson, 1991).
According to the research published, scarce information available regarding the effect 
of natural products uses on bone response to the implant with special regards to mi-
cro-implants. This research hypothesized that green tea could enhance bone remod-
eling around orthodontic micro-implants in a period of four weeks through increasing 
implant secondary stability compared to the control group. 

Aim
To determine the effect of green tea (EGCG) on the bone response around orthodontic 
micro-implant.

Materials and Methods
The experimental animals used in this research were ten, 8-10 months healthy New 
Zealand rabbits with a weight range between 2-2.3 Kg.  The rabbits were distributed 
into two groups, five each, experimental and control. Each rabbit put in an individual 
cage under observation and supervision of the veterinarian for four weeks before 
the experiment to monitor the behavior, eating standard quantity and quality of diet, 
drinking, defecation, weight monitoring and activity. At the time of the surgery, each 
experimental animal was pre-medicated with an intramuscular injection of 0.2 ml/kg 
B.W. of Ketamine 10% (anesthetic solution) and 0.025ml/kg B.W. of the Xylazine 2% 
(muscle relaxant drug), this dose kept the animal anesthetized for about 1 hour.
A thirty sterile orthodontic micro-implants (Dentos, AbsoAnchor, SH1312-5/ tapered 
type, Dentos Inc. 1-5, Galsan-Dong, Dalseo-Gu, Daegu, Korea 704-900) made of Ti-
6Al-4V alloy; 1.3mm diameter and 5mm length were used. The site where the or-
thodontic micro-implants inserted, the medial surface of the right Tibia, was further 
anesthetized by 1ml of local anesthetic solution 2% Xylocaine (Mapara et al., 2012). 
After the anesthesia was confirmed, the hair at surgical site was shaved off; the ex-
posed skin disinfected with 10% Povidone Iodine with sterile surgical gauze. An inci-
sion approximately 35 mm in length (Figure 1) down in the skin parallel to the longi-
tudinal axis of the tibia, in the dorsal aspect, was performed. After blunt dissection of 
fascia and muscle, the periosteum was stripped and elevated denuding the bone on 
the medial aspect of the tibia. 

Dr. Zaid S Twafeeq & Dr. Mustafa M. H Al-Sultan 



Volume 4, Issue 2 2017

104

Three small holes (Figure 2) approximately 10 mm apart were prepared, with a 1 mm 
rounded head drill, using implant surgical engine (Surgic XT – NSK/ U.K), at a rota-
tional speed 1100rpm on «FWD-»< clockwise rotation, and a torque of 35newton/cm 
(Al-Sultan and AlKhatib, 2015). The micro-implants were inserted into the prepared 
holes keeping their long axes perpendicular to the external cortical tibia as possible 
(Figure 3). The primary stability of the inserted implants was tested using a Periotest 
M (Medizintechnik Gulden–Germany). During measurements, the Periotest M device 
held horizontally, with the starting bottom up, and the hand-piece long axis directed 
perpendicular to the micro-implant head with the tip of the hand piece kept at a dis-
tance about 2-3 mm from the micro-implant head (Figure 4). Three readings for each 
micro-implant were calculated (Mortensen, 2007). Then the deep fascia and skin 
repositioned in its place and sutured with an absorbable suture (Braided polyglycolic 
suture) (figure 5). 

Figure 1: An incision parallel to longitudinal 
axis of the tibia
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After recovery, the experimental animals carried to their cage, post-surgical 
medication includes a daily single dose of antibiotics Pen Vet 300 0.1ml/ rabbit (Pro-
caine Benzyl penicillin, Alfasan International B.V., Woerden, Netherlands) given in-
tramuscularly. The experimental animal feeding protocol was started at the day of 
surgery and continued for four weeks. The green tea dose of 0.5% wt/vol (Teavigo 
90% EGCG, 186 mg, Swanson health products, USA) was used, the selection of which 
is equal to 400 mg/kg BW, (Shen et al., 2008) the selected dose was dissolved in five 
ml distilled water for each rabbit, and given as a loading dose by special oral gavage 
needle fitted to ordinary disposable syringe.
At the end of experimental period (four weeks), the experimental animals were sac-
rificed with an over does of ketamine hydrochloride (Jimbo et al., 2013). A full thick-
ness flap reflected exposing the micro-implant, and the secondary stability reading 
using Periotest M was taken by the same technique followed as that of the primary 
one. 
The statistical analysis of this study was done using SAS system.

Results
The descriptive statistics of the primary stability of the control (Pr.C) and experimen-
tal (Pr.GT) groups are shown in the Table (1). 
While the descriptive statistics of the secondary stability for the control (Sc.C) and 
experimental (Sc.GT) group are shown in the Table (2).

Table 1: Descriptive Analysis (Mean, Standard Deviation, Standard Error, Minimum 
and Maximum Values) for the Primary Stability

Table 2: Descriptive Analysis (Mean, Standard Deviation, Standard Error, Minimum 
and Maximum Values) for the Secondary Stability

The Paired t-test results showed a non-significant differences between the values of 
primary (Pr.C) and secondary (Sc.C) stability of the control group, while of the Green 
Tea group showed a highly significant increase (P<0.0001) in Periotest values for the 
secondary stability (Sc.GT) when compared with the primary one (Pr.GT), as shown in 
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Table (3).

Table 3: Comparison between Primary and Secondary Stability for the Control and 
Green Tea Group

Discussion
Maintaining the stability of micro-implant to withstand an orthodontic load without 
fear of anchorage misplace considered a challenge for orthodontist. After four weeks 
healing period, the control group showed a non-significant increase in the secondary 
stability when compared to the primary one, which is possibly due to the insufficient 
duration of the healing period. This result is comparable with the results of Serra et 
al., (2010), who concluded that bone contact and bone area percent were very few in 
1 or 4 weeks period. The results are possibly agreed with the Shin et al., in (2012), 
who concluded that maximum removal torque of orthodontic micro-implants was 
slightly higher in the 6-week group than in the 1- week group, but statistically non-
significant. 
 A significantly higher secondary stability value in the experimental group could be 
explained by the effect of Green tea polyphenol supplementation which had been 
proved to increase the percentage of bone mineral density and strength (Shen et al., 
2012). Epigallocatechin-3-gallate (EGCG) is the major polyphenol in green tea (Lee 
et al., 2010), which evidenced to have the most potential anti-oxidation effect (Liao 
et al., 2001). It has been reported that EGCG can induce the apoptotic cell death of 
osteoclasts (Nakagawa et al., 2001). Others have shown that EGCG inhibits osteoclast 
formation (Yun et al., 2004). A study conducted on rat, in which 0.5% wt/vol of Green 
tea polyphenols have been shown to improve bone mass and bone microarchitecture 
(Shen et al., 2008). 
The consumption of green tea, a rich source of (EGCG), has been found to be ac-
companied with increased bone mineral density, however; the straight effects of such 
flavonoid on mineralization of bone still unknown (Vali et al., 2007). Further results 
demonstrated that EGCG can increase the potential of osteoblastic terminal differenti-
ation by increasing alkaline phosphatase activity, and finally stimulating mineralization 
(Chen et al., 2005). These above findings possibly could support the research results. 
Among the study limitations, the dose of green tea used may be considered compara-
tively high if attempts are made to use it in the human diet, the micro implants in the 
current study were not loaded as in usual orthodontic treatment. In addition, based 
on the condition of OMSIs exposure, the closed method which has been used in this 
study is not compared with the open method that makes OMSIs faces the oral cavity 
environments. This study only involved biomechanical study. Histopathological exami-
nation was not included in the study for logistic reasons.
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Conclusion
It could be concluded that Green tea polyphenols (EGCG) could enhance bone 
response around orthodontic micro-implants that may add to increase in its stability.
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Abstract
Background Dental caries in children is the most common disease worldwide. It re-
mains the most prevalent chronic disease in young children in some developing coun-
tries. Objectives This study was carried out to evaluate the levels of calcium (Ca), 
inorganic phosphorus (P), zinc (Zn) and copper (Cu) in the saliva of pre-school chil-
dren aged 4-5 years and to evaluate their plausible association with Early Childhood 
Caries (ECC). Materials and Methods Sixty children were divided into two groups; 
thirty children with ECC and thirty children without dental caries experience. Two 
milliliters of unstimulated whole saliva were collected from each child using spitting 
method. The Atomic Absorption Spectrometer (AAP) was used to measure the levels 
of Ca, Zn, and Cu in saliva while Molybdenum Vanadate method was used to esti-
mate the level of salivary P. Descriptive statistics, bivariate, and Pearson’s correlation 
analysis were done. Results Children with ECC demonstrated a higher Ca levels than 
caries-free children with a highly significant difference (P<0.001) whereas higher lev-
els of P, Zn and Cu were found in caries-free children compared to children with ECC. 
A positive correlation to ECC was observed in salivary Ca while the correlation was 
negative in salivary P, Zn, and Cu. Conclusions Considerable variations in the levels 
of salivary elements between ECC and caries free children were noted. The correlation 
between salivary P, Zn, and Cu and ECC was negative and more studies are needed to 
determine the maximum efficacy of these elements in preventing ECC in children. 

Keywords:  Children, Dental caries, Iraq, Salivary elements. 

Introduction 
Dental caries in children is the most common disease worldwide. Dental caries in pri-
mary teeth of children below six years are called Early Childhood Caries (ECC) (Za-
far et al., 2009). Generally, despite the improved trend in dental caries prevention in 
many developed countries, it remains the most prevalent chronic disease in young 
children in some developing countries (Hugoson et al., 2008). It is a multifactorial dis-
ease, and the main etiological factors comprise cariogenic microorganisms, ferment-
able carbohydrates, and host which involve the presence of susceptible tooth surfaces 
and saliva. These factors interact over time to develop early carious lesions (Vadiakas, 
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2008).
Saliva refers to the oral fluid that surrounds all oral hard and soft tissues. It is com-
posed mostly of about 99% water and 1% inorganic and organic substances. Inorgan-
ic substances such as phosphate, sodium, calcium, potassium, dissolved carbon diox-
ide, oxygen, and trace elements (zinc, copper, fluoride) while organic substances such 
as protein, vitamins, lipid, free amino acids, urea, as well as antimicrobial substances 
(Llena-Puy, 2006). Saliva has an indispensable role in dental health preservation. It 
plays a role in the process of caries formation as an it alters the activity of bacteria 
due to environment changes (Yang et al., 2012) whereas the protective role of saliva 
includes the mechanical cleaning of the teeth surface and dissolving the food mass 
(Preethi et al., 2011). The inorganic components of saliva such as calcium, phosphate, 
and fluoride increase the resistance of hydroxyapatite against cariogenic challenge 
and enhance the saturation of plaque fluid for the tooth surface structures. It may be 
remineralized early caries lesions by its calcium and phosphate ions (Pearce, 1991). 
The demineralization and remineralization balance depends on the concentration of 
salivary calcium and phosphorous ions. Calcium and phosphorous should be saturated 
in saliva to effect on remineralization rather than demineralization (Shahrabi et al., 
2008).
In the literature, salivary elements levels in children with dental caries compared with 
caries-free children have inconsistent findings hence the effect of salivary elements 
on dental caries is a complex theme. Furthermore, the influence of salivary elements 
varies with the susceptibility of the tooth to dental caries and yet only a few studies 
have been conducted to identify their potential effects on caries experience in children 
(Duggal et al., 1991; Borella et al., 1994; Zahir and Sarkar, 2006; Watanabe et al., 
2009; Watanabe et al., 2011). Duggal et al. (1991) observed a negative relationship 
between copper and fluoride in saliva and dental caries while zinc, iron, and manga-
nese in saliva have not shown any relationship with caries experience. On the other 
hand, Borella et al. (1994) found that no association between zinc, copper, calcium, 
and magnesium in saliva and dental caries. Furthermore, Zahir and Sarkar (2006) ob-
served zinc in saliva had a highly significant variation between non-caries and multi-
ple caries groups while copper, lead, and potassium showed no significant differences 
between the two groups. Moreover, Gandhy and Damle (2003) found higher salivary 
phosphorus concentrations were associated with rampant caries in preschool children. 
In view of these observations, the relationship between salivary elements and caries 
occurrence in children remains controversial; a specific element reported cariostatic 
in one study may have no effect or even increased caries-risk in others (Zahir and 
Sarkar, 2006; Katgul et al., 1998), and hence further research is encouraged in this 
field.
Previous studies have reported relationships between dental caries and some ele-
ments in teeth (Tanaka et al., 2009) and plaque (Arirachkaran et al., 2007). Even 
though mixed saliva can be sampled with relative ease, there are insufficient reports 
relating salivary elements to caries in children (Duggal et al., 1991; Borella et al., 
1994; Watanabe et al., 2009, Watanabe et al., 2011). The investigation of the report-
ed elements is a fundamental knowledge about salivary elements and establishing the 
normal values of these elements are essential for any saliva-caries research. There-
fore, various salivary elements may have present at a different concentration in chil-
dren of diverse population and may have different cariostatic or cariogenic properties 
that its effect exhibit in caries-free children or children with caries respectively.
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Thus, the purposes of the study were two fold first, to identify and compare the levels 
of salivary calcium (Ca), inorganic phosphorus (P), zinc (Zn) and copper (Cu) ions in 
children who were classified into ECC group and caries-free group. Second, examine 
the possible correlation between the levels of these salivary elements and the severity 
of ECC. This study was carried out to test the hypothesis that children with ECC have 
different levels of the reported salivary element compared to caries-free children. 
Also, there is an association between these elements and ECC in children. 

Materials and Methods 
Children selection 
Sample size was calculated at 80% of power and 5% significance level. In this cross-
sectional case control study, the study population of sixty children were recruited 
from private kindergarten schools in Baghdad city with age ranged from 4 – 5 years 
old both boys and girls. Children who fulfill the following criteria were included: all 
children are healthy, had no history of any systemic disease/ genetic abnormalities, 
parent’s consent and able to cooperate and follow instructions. Children without their 
parents’ consent, children with medical issues and not being able to expectorate were 
excluded. The data was collected in children’s school within three months. Human 
Ethics Committee at Baghdad University approved this study and each parent signed 
written informed consent.

Clinical examination and children grouping 
Before starting the study, inter- and intra-examiner calibrations were performed, and 
Kappa statistics showed that the inter-examiner and intra-examiner agreements were 
good and excellent (0.71, 0.85 respectively). Dental examination for children was 
carried out by one researcher using disposable mouth mirror, and dental explorer was 
used to removing the debris if needed. Decayed, missing, and filled teeth index for 
primary dentition (dmft) was used to determine the status of dental caries. The se-
lected sixty children were divided into two groups: thirty children with ECC (18 boys 
and 12 girls) and other thirty children matching for age and gender chosen from the 
same preschools; they were without experience of dental caries (dmft=0). 

Salivary samples collection and analysis 
Children were given only plain water and no food or other drinks for one hour prior 
to saliva collection. Salivary samples were collected in the morning between (10-11) 
a.m. Spitting method was used to collect two milliliters of unstimulated whole saliva 
into a sterile labeled plastic disposable tubes ( Tao et al., 2005). Following saliva col-
lection, each sample was centrifuged for 20 minutes at room temperature at 3500 
r.p.m by using universal 16 A. Salivary supernatant was stored frozen at –20Co in 
polyethylene tubes until biochemical analysis. Biochemical analysis was carried out in 
the Biochemical Laboratory at the University of Baghdad. Calcium, Zn, and Cu ele-
ments were determined using air-acetylene atomic absorption spectrophotometer 
(AAS). Inorganic phosphorus was determined colorimetrically by the Molybdenum_Va-
nadate method (Rand et al., 1976).
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Statistical Analysis 
Data were entered and analyzed using SPSS (Statistical Package for Social Science 
ver. 10.0). Descriptive statistics (mean ± SD) were performed. A t-test was done 
for the differences in the level of salivary elements between the two groups whereas 
Pearson’s correlation was conducted to determine the association between ECC and 
them. A 5% level of statistical significance was applied for analysis.

Results 
In this study, the sample consisted of a total number of sixty preschool children with 
age ranging from 4–5 years old. Thirty of them were having ECC, and the other thirty 
were the control group who were caries–free. The distribution of the participants is 
presented in Table (1). 
The mean values and standard deviation of dmfs and decayed fraction of dmfs index 
(ds) in boys and girls with ECC is shown in Table 2. Males showed slightly lower mean 
values of dmfs and ds than that of females group (31.44 ± 11.10 ppm, 33.17 ± 11.72 
ppm; 26.40 ± 10.60 ppm, 28.80 ± 12.70 ppm respectively) with a non-significant dif-
ference between them (p > 0.05).

Table 1:  Distribution of the children according to the age and the gender

Table (3) reveals the mean values and standard deviation of salivary Ca, P, Zn and Cu 
levels in ECC and caries-free groups. The results show a higher level of salivary Ca 
in ECC group than that of the caries-free group (4.757 ± 0.750 ppm; 2.324 ± 0.686 
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ppm respectively) with highly significant differences (t = 13.00, p < 0.01). Boys 
and girls showed a higher mean values in ECC group (4.772 ± 0.807 ppm;  4.733 ± 
0.689 ppm respectively) than that of caries-free group (2.276 ± 0.736 ppm; 2.392 ± 
0.635 ppm respectively) with highly significant differences between them (t = 9.57, 
p < 0.01; t = 8.66, p < 0.01 respectively). ECC group demonstrated a higher  mean 
values of Ca in both age groups than that of the control group (4.845 ± 0.474 ppm, 
4.811 ± 0.846 ppm; 2.418 ± 0.714 ppm, 2.267 ± 0.683 ppm respectively) with high-
ly significant differences (t = 9.39, p <0.01) (t = 10.08, p<0.01 respectively). The 
correlation coefficient between salivary Ca level and dental caries was positive though 
the relationship was not significant (r = +0.014, p = 0.940). 

Table 2: Caries experience (Mean± S.D) in different groups

Furthermore, the results showed a lower level of salivary P in ECC group than that of 
control group (2.828± 0.630 ppm; 4.222 ± 0.463 ppm respectively) with highly sig-
nificant differences (t = - 9.71, p <0.01). Boys and girls with ECC revealed a lower 
P level than caries-free group (2.775 ± 0.721 ppm, 2.908 ± 0.481 ppm; 4.326 ± 
0.382 ppm; 4.075 ± 0.541 ppm respectively) with highly significant differences be-
tween them (t = -8.02, p< 0.01; t = -5.58, p <0.01 respectively). ECC group demon-
strated a lower mean values in both age groups than that of caries-free group (2.673 
± 0.735, 2.918 ± 0.562 ppm; 4.091 ± 0.505, 4.303 ± 0.431 ppm respectively) with 
highly significant differences for both age groups (t=-5.27, p < 0.01; t = -8.44, p 
< 0.01 respectively) Table 3. A non-significant negative correlation was observed 
between level of P and ECC (r = -0.019, p = 0.922). Moreover, a lower level of sali-
vary Zn was noted in ECC group compared to control group (0.0772 ± 0.0371 ppm; 
0.1051± 0.0157 ppm ) with highly significant differences (t = -3.72, p < 0.01). 
Males and females showed a lower mean values in ECC group than that of caries-free 
group (0.0783± 0.0376 ppm; 0.0755 ± 0.0380 ppm; 0.1047 ± 0.0156 ppm; 0.1056 
± 0.0165 ppm respectively) with significant difference between them (t = -2.75, p < 
0.05; t = -2.42, p < 0.05 respectively).
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Table 3: The levels of salivary Ca, P, Zn and Cu (mean ±SD) among different groups

  

ECC group demonstrated a lower level of Zn in both age groups than that of caries-
free group (0.0861 ± 0.0417 ppm, 0.0718 ± 0.0341 ppm; 0.1047± 0.0180 ppm, 
0.1053 ± 0.0146 ppm respectively).
Highly significant differences were found among 5 years old children (t = -3.83, p < 
0.01) Table 3. The results demonstrated a negative correlation between the salivary 
Zn level and dental caries with non-significant difference (r = -0.05, p = 0.796)
Additionally,  results indicate  a lower level of salivary Cu in ECC group than that of 
caries-free group (0.0548 ± 0.0218 ppm; 0.0882 ± 0.0203 ppm respectively) with 
highly significant differences (t = -6.10, p < 0.01). Males and females showed a 
lower mean values in ECC group than that of control group (0.0534± 0.0252 ppm; 
0.0569 ± 0.0163 ppm; 0.0883 ± 0.0208 ppm; 0.0882 ± 0.0204 ppm respectively) 
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with highly significant differences between them (t = -4.47, p < 0.01;  t= -4.15, p< 
0.01). ECC group demonstrated a lower mean values in both age groups than that of 
the control group (0.0488 ± 0.0262 ppm, 0.0583 ± 0.0187 ppm; 0.0883 ± 0.0146 
ppm, 0.0882±0.0235 ppm respectively) with statistically highly significant differences 
for both age groups (t = -4.36, p < 0.01; t = -4.2, p < 0.01 respectively) Table 3. A 
negative correlation coefficient between the salivary Cu level and dental caries was 
found with no significant differences (r=-0.076, p=0.690).

Discussion
Saliva samples were used in this study to measure the levels of Ca, P, Zn and Cu in 
preschool children who had caries and compared them with caries-free children and to 
examine the possible relationship between these salivary elements and ECC. The find-
ings revealed considerable variations between caries and caries-free groups. 
A higher level of salivary Ca in ECC children (4.757 ± 0.750 ppm) than that of car-
ies–free children (2.324 ± 0.686 ppm) was observed with highly significant differ-
ences between two groups. Furthermore, Ca level in the saliva of ECC children found 
to have a positive correlation to dental caries. However, this relation did not reach 
the level of significance. These findings were in agreement with Shaw et al. (1983), 
Borella et al. (1994), who found that an increase salivary Ca concentration associ-
ated with the increase in caries severity. The positive correlation of salivary Ca levels 
with dental caries could be attributed to that the main inorganic constituents of saliva, 
which are Ca, PO4 and hydrogen ions, together with fluoride, have an indispensable 
role relating to the solubility of tooth minerals. Any drop in the pH of the saliva, it will 
lead to undersaturation of saliva to hydroxyapatite resulting in its dissolution to their 
ionic constituent to increase the level of the gradient. Therefore, calcium and inorgan-
ic phosphate ions diffused from the tooth to the saliva (Larsen and Bruun, 1996; Ten 
Cate, 1996; Dawes, 2003). However, these findings differ from Shaw et al., (1983), 
Tulunoglu et al., (2006) Tayab et al., (2012) and Singh et al., (2015) who reported 
that higher calcium levels in the caries-free group than caries active group. In mean-
while, Preethi et al., (2011) stated that the mean level of calcium was lower in caries 
active children when compared to caries-free children and it was statistically signifi-
cant. They explained that high calcium concentration in saliva lead to remineraliza-
tion of the incipient caries lesions that decreases caries rate. The saliva becomes a 
reservoir supersaturated with calcium and phosphate that create an environment that 
favor the remineralization over demineralization. 
The level of salivary P was lower in ECC children than caries-free children with high-
ly significant differences between them (2.828± 0.630 ppm; 4.222 ± 0.463 ppm). 
Moreover, a negative correlation was found between the salivary level of P in chil-
dren with ECC and a decayed fraction of the dmfs index, although the relation did not 
reach the level of significance. This result may give an indication of the protective role 
of P against dental caries. The negative correlation of salivary P with caries may be 
due to its cariostatic action through its ability to maintain the saturation of saliva with 
phosphate ions (Edgar and Higham, 1996) and buffering capacity of phosphate in 
saliva (Englander et al. 1959). Phosphate may interfere with the adherence of pellicle 
and plaque bacteria to enamel surface. It can also inhibit bacterial growth (Dawes, 
1996). This finding is in agreement with the conclusion of Shaw et al. (1983), Singh 
et al., (2015) who observed the levels of phosphorous in saliva were significantly 
higher in caries-free children than in children with active caries.
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This study showed a lower level of salivary Zn in ECC children (0.0772 ± 0.0371 ppm) 
than that of the caries-free children (0.1051 ± 0.0157 ppm) and the difference was 
highly significant. Moreover, a negative correlation between salivary Zn levels and 
dental caries was observed, which may give a suggestion of the anticarcinogenic ef-
fect of zinc, which may be due to decreased solubility of enamel in the presence of 
zinc (Brudevold et al. 1963). This indicates toward the cariostatic role of zinc which 
agrees with Gierat-Kucharazewska and Karainski (2006) and Al- Kaysi and Abudallah 
(2011) who found a negative association between dental caries and salivary Zn. The 
results of this study coincide with Borella et al., (1994) and Zahir and Sarkar (2006) 
who reported high levels of Zn in the saliva of caries-free children, while Duggal et al., 
(1991) stated that there might be no association between salivary Zn levels and den-
tal caries.
The level of salivary Cu in ECC children (0.0548 ± 0.0218 ppm) was lower than that 
of the caries-free children (0.0882 ± 0.0203 ppm) with highly significant differences. 
Moreover, salivary Cu in ECC children found to have a negative correlation with den-
tal caries, which may give an indication of cariostatic properties of Cu. This finding 
is in agreement with Curzon (1983) and Duggal et al. (1991). Copper seems to have 
an effect on cariogenic bacteria colonizing tooth surfaces by the inhibiting the bacte-
rial metabolism and subsequent bacterial growth (Opperman et al. (1980); Brookes 
et al. (2003). Therefore, this negative correlation of Cu with caries could be due to 
its ability to inhibit bacterial growth and acid dissolution of enamel. However, Dug-
gal et al., (1991), Borella (1994), Zahir and Sarkar, (2006), Watanabe et al., (2009), 
and Hussein et al., (2013) reported that there is an elevation in Cu concentration with 
increased caries rates. They suggested that leaching of small traces of Cu that pre-
sent in the tooth into saliva by demineralization, thereby resulted in the increase of 
Cu level in mixed saliva.
This study has some limitations. First small sample size. Second dietary habits and 
oral hygiene practice which are considered the main factors in dental caries develop-
ment and may affect on the level of reported elements in saliva were not assessed.  
Third children were matched by age and gender only. It was hard to match them by 
their parents’ educational level or family income. These two factors could have an 
impact on the child’s caries risk. In spite of these limitations, the findings of this study 
still provide a baseline reference for Iraqi children. Therefore, future research about 
salivary elements considering the above factors is recommended to evaluate their 
possible role in reducing ECC risk in children. 

Conclusions
The results revealed highly significant variations in the levels of Ca, P, Zn and Cu 
in saliva of children with ECC and caries-free children. On the other hand, non-sig-
nificantly different between boys and girls was observed and no impact of age was 
found. Saliva has been used to evaluate the child’s caries risk and having the average 
values of the studied salivary element of children with no caries among each popula-
tion could help to determine the caries risk among those children.   
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Abstract
Introduction Resin composites have been improved greatly nowadays, and many 
advancement has been reached. However, polymerization shrinkage is still a challeng-
ing drawback of composite resin restorations. Objectives this study was conducted 
with aim of comparing, in vitro, the marginal adaptation of three different, low shrink-
ages, direct posterior composites. Materials and Methods The following compos-
ites, Sonic fill® (nanohybrid composite), Filtek® P90 (Silorane-based composite) and 
Filtek® Z350 (nanofill composite) utilizing a standardized Class V cavity prepara-
tion followed by thermal cycling. Sixty human premolars prepared with standardized 
Class V cavities. The specimens were divided into three groups (n=20) according to 
the material used. All specimens were subjected to thermocycling at (5° to 55°C), 
then immersed in 2% methylene blue dye for 24hrs. For each group microleakage at 
the occlusal and gingival regions was measured by determining dye penetration us-
ing scoring system under steromicroscope at 100x. Results The statistical analysis of 
the results showed that, silorane-based composite exhibited the lowest microleakage, 
with statistical significant difference (p< 0.05) when compared with Sonicfill® com-
posite and Filtek® Z350 XT nanofill composite. On the other hand, the results of this 
study showed non-significant difference between Sonic fill® composite and Filtek® 
Z350 XT. Also, there is a significant difference ( < 0.01) in dye penetration between 
occlusal and gingival regions within each group. Conclusion Taking into considera-
tion the types of composites tested in this study, we recommend the clinical use of 
Siloran-based composite material for higher microleakage resistance and better mar-
ginal seal.

Keywords: Composite, Micro leakage, Siloran-based.

Introduction
Improvement in dental sciences has led to a great shift in the way teeth are restored 
today. Placement of direct composite restorations have increased due to the high 
demand for esthetic restorations, for it cosmetic dental procedures, conservation of 
tooth structure, all of which together, contributed dramatically to many advances in 
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the field of adhesive technology (Nadig et al. 2011).
Microleakage is a common and critical problem associated with composite restorative 
materials. It candevelop for one of the following reasons: as a result of polymerization 
shrinkage of composite resins (Kusgoz et al. 2011); incompatible between the ther-
mal expansion coefficients of the tooth and composite; or the difference between the 
elastic moduli of the tooth and the restoration(Stockton and Tsang 2007).
On top of this, the composition of the material, the plastic deformation, the coefficient 
of thermal expansion and the mechanical stress caused by the cavity shape can also 
influence on the material ability to seal the cavity margins(Korkmaz et al. 2007). For 
sucha hermitic marginal seal has become main target for the clinician.Once the gap 
formation has occurred; it cannot be repaired withoutreplacement of the entire filling 
materials with a new one to inhibit the demineralization over the cavity margins and 
recurrent caries regression(Roggendorf et al. 2011).
In 2002, the urge to develop new materials has led to a flowable low shrinkage na-
nofill composite called Filtek™ Z350 by 3M ESPE. Nanotechnology in the field of 
dentistry forces on the production of nanocomposites by improving the filler technol-
ogy of submicron particle size, modification of organic matrices and silane coupling 
agents(Beun et al. 2007). The aim of such work is to improve the physical and me-
chanical properties of the composite restoratives. In addition, containing nano-size 
filler particles in the final formulation of the composites reduces the composite›s 
shrinkage and improve its total mechanical properties (Condon and Ferracane 2002).
In 2007, a hydrophobic low-shrinkage(Ilie and Hickel 2006) composite material based 
on new resin chemistry with silorane monomers have been introduced by 3M ESPE 
(Filtek™ P90). This innovative resin matrix performs the main differently compared to 
the conventional methacrylates(Weinmann et al. 2005). Filtek™ P90 is a radiopaque 
light-curing silorane-based composite. It contains 55% volume (76% weight) inorgan-
ic fillers with a particle size between 0.1 and 2μm(Filtektm -p90).
Sonic fill™ system (Kerr/Kavo) was introduced in the market in 2010. It›s a bulk fill 
posterior composite restoration and can be use up to 5mm in depth due to claimed 
reductionof polymerization shrinkage. Sonic fill™ contains a special modifier with 
highly-filled proprietary resin which reacts to the sonic energy (Ahmed 2013). As the 
sonic energy is applied by a special KaVo hand piece, the flow ability of the composite 
increases, causing the viscosity to drop up to 87%; which then allows for quick place-
ment and accurate adaptation to the cavity walls. When the sonic energy stops, the 
composite returns to a high viscosity and non-slumping state for accurate carving and 
contouring (Eunice et al. 2012; Jackson 2011).
In spite of the development in the adhesive fields; a100% perfect margin is 
unachievable(Nadig et al. 2011). For that reason, the aim of this study is to compare 
three developed composite materials for their microleakage performance in a class V 
cavity after challenging the different materials with thermal changes.

Materials and Methods 
Sample selection 
60 human premolars (upper and lower) were selected for the study and divided into 3 
groups of 20 teeth each. Each tooth was freshly extracted, structurally sound, crack-
free and had no anatomical anomalies(Gonzalez Lopez et al. 2006). These teeth were 
extracted from subjects within the ages of fifteen and twenty-five years old as a part 
of an orthodontic treatment plan. 
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As previously described by Ghulman and others(Ghulman 2011; Magne and Ogane-
syan 2009), the teeth were thoroughly cleaned with a hand scaler, polished with 
pumice, and washed with distilled water. Finally,samples were stored in distilled wa-
ter at room temperature during all of the stages of the study to prevent dehydration. 
Samples included in this study were not stored longer than two months, in order to 
prevent decalcification (Borges et al. 2012). The samples were verified for minimal 
dimensional variability, as specified in previous work (de Paula et al. 2008). 
The teeth were evenly divided into three groups of twenty teeth each (n=20) accord-
ing to the type of composite used to restore the cavities; Sonicfill™ Composite, Fil-
tek™ P90Silorane based composite, and Filtek™ Z350 XT,Nanofill composite.

Teeth positioning
To simulate the horizontal situation during cavity preparation, every four teeth were 
embedded in stone blocks leaving the buccal surface uncovered. Stone is mixed 
and poured to obtain stone blocks were mixed using a rubber bowl and spatula and 
poured in a plastic mold; the teeth were then embedded in the horizontal situation. 
After setting, the mold was mounted to the modified dental surveyor (Dentaurum, 
Germany) for cavity preparation.

Cavity preparation
With the aid of a dental surveyor, standardized class V cavities were prepared at the 
buccal surface of each tooth 1mm occlusal to the cemento-enamel-junction (CEJ).This 
was carried to assure that cavosurface line angles were prepared within the enamel. 
All cavities were in the buccal surface with a dimension of 4mm in width (mesio-
distal), 2mm in height (occluso-gingival),and 2mm in depth using a diamond flat end 
fissure bur (HoricoDiament, Germany). 
The width and height was determined using a point Vernier caliper then pointed using 
a marker.The initial entrance was made by utilizing a round bur then the depth was 
obtained by a diamond flat end fissure bur in a high-speed handpiece (W&H, Aus-
tria)mounted on the vertical arm of a dental surveyor, with copious amount of water 
spray. The diamond fissure bur was marked with a nail varnished to 2mm from its end 
to ensure a definite 2mm preparation depth. A new bur was used for each five prepa-
rations. Non-beveled butt joint cavosurface line angles were prepared all around using 
a stainless steel fissure bur mounted on low-speed handpiece (NSK, Japan) in order 
to avoid the risk of reducing or entirely removing the thin enamel layer cervically.

Restorative Procedure
Each composite system was used according to the manufacturer›s instructions with 
their corresponding adhesive systems. Shade A3 was used form each corresponding 
composite type.
For Group A (Sonicfill™ posterior composite unidose capsules, shade A3, Lot 
No.5028476, Exp.Date: 2015-11 Kerr, USA), the entire cavity was conditioned for 30 
seconds with 35% phosphoric acid gel (ultradent,USA) and washed immediately with 
an air/water jet for 30 seconds. Dryness of the dentin was obtained using gentle air 
jet for 30 second.Then, the bonding system (ultradent,USA) was applied to the entire 
surfaces of the cavity using a light brushing motion, dried with gentle air flow, and 
light cured for 10 seconds. Afterwards, the Sonic fill™ composite was placed using ac-
tivated Sonic fill™ handpiece at medium speed. After the handpiece activation, Sonic 
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fill™ composite was placed in the cavity in a single, bulk increment then cured for 
20 seconds at intensity of 800 mW/cm2 using a LED light curing device(WoodPecker, 
Model LDE.C, China).
Group B (Filtek™ P90, silorane-based composite, shade A3, Lot No. N496908, Exp.
Date: 2014-11, 3M ESPE, USA), comes with a specially developed adhesive system 
(3M ESPE AG, Germany) which consists of a self-etch primer and a bond. The primer 
was applied to the entire cavity surfaces with a disposable brush for 15 seconds then 
air dried gently, and light cured for 10 seconds by a LED light curing device. Then the 
bond was applied to the entire cavity surface with a disposable brush, air dried gently, 
and light cured for 10 seconds as for the primer. Then Filtek™ P90 composite resin 
was applied to the cavity in a single increment with a plastic instrument and was light 
cured for 40 seconds.
For Group C, usingFiltek™ Z350 XT (Nanofill methacrylate-based posterior composite, 
shade A3, Lot No.N461049, Exp. Date: 2015-09, 3M ESPE, USA).The entire cavity-
surfaces were conditioned for 30 seconds with 35% phosphoric acid gel, wash imme-
diately with an air/water jet for 30 seconds. Then, the Bond was applied to the en-
tire cavity surfaces using a light brushing motion, dried with gentle air flow and light 
cured for 10 seconds (as Group A had been). After completing the adhesive proce-
dure, Filtek™ Z350 XT composite resins were applied as a single increment and light 
curing for 20 seconds.
For all teeth specimen of the three groups, a Celluloid strip was applied to minimize 
the finishing steps, and to ensure the adaptation of composite to the cavity walls.After 
completing the restorative procedure, a wheel shaped finishing bur was used to re-
move excess composite and for finishing.

Thermocycling
Specimen were stored in distilled water at 37°C for one week and then went through 
thermocycling (LTC 100 thermocycler, LAM Technologies) in order simulate tempera-
ture changes in oral cavity. The teeth were exposed to two different water baths: 
one maintained at 5°C and the other at 55°C, with a dwell time of 30 seconds. There 
were 500 cycles assuming ten cycles of hot and cold drinking per day (Loguercio et al. 
2004; Pazinatto et al. 2003).

Dye Penetration Test and Sectioning
After thermocycling, the teeth have been dried and their apices were blocked with 
sticky wax to prevent dye penetration through the apical foramen. Afterwards, the 
teeth were coated with two layers of nail varnish within approximately 2mm of the 
tooth/restoration interface except gingivally(1mm), in order to prevent dye penetra-
tion in areas other than tooth/restoration interface. The teethwere then immersed in 
2% methylene blue dye (Sparks,USA) for 24 hours at room temperature.
After dye penetration, the teeth were rinsed under running water and dried. After-
ward, they were sectioned longitudinally (bucco-lingually) through the cusps› tips us-
ing a microtome sectioning machine (MTI Coprporation, Ritchmond CA) with a water 
cooling system.

Microleakage Measurement
Microleakage was evaluated by assessing the linear dye penetration at the tooth/res-
toration interface occlusally; and gingivally, this was done using the stereomicroscope 

Dr. Muhanned AlHadad, Dr. Hikmet AlGharrawi, Dr. Jacob Al-Hashemi



Volume 4, Issue 2 2017

124

at 100x magnification, according to the scoring system used by RadhiKaet al.(M et al. 
2010) which is briefly described below:
-Score 0 = no dye penetration. 
-Score 1 = dye penetration into enamel. 
-Score 2 = dye penetration beyond the dentino-enamel junction. 
-Score 3= dye penetration into the axial wall.
Scoring were recorded the occlusal and gingival reading from each specimen.  

Statistical analyses
The IBM statistical software package SPSS 20 was used to perform the Kruskal-Wallis 
test for independent non-parametrical data.This was followed-up by Mann-Whitney U 
test for each base-pair comparison. Results were considered statistically significance if 
there was p value <0.05.

Results 
Over all, our results indicate that the Siloran-based composite performed the best in 
comparison to the other two groups (Figure 1). Specifically, Siloran was significantly 
less prone to microleakage in the gingival wall (Figure 2A), occlusal wall (Figure 2B) 
according to the statistical analysis.
Noticeably, all type of composite tested in this study showed less microleakage in the 
occlusal side of the cavities, as compared to the gingival area Figure 3.

Figure 1. Microleakage score was recorded after thermocycling (500 cycles at 5°-
55°C) and 24 hrs. of methylene-blue-dye penetration challenge of the three different 
composite. Cumulative score, (p at least <0.05).
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Figure 2: Microleakage score of thermocycling at (5°-55°C) and 24 hrs.of methylene 
blue dye penetration challenge of the three different composite. A) Gingival score, 
and B) Occlusalscore analyses. (p at least <0.05).

Figure 3: Dye penetration (microleakage score) was compared occlusally and gingival-
ly, within each group. Bars donated with the same letter mean statistically significant 
different, (p at least <0.05).
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Discussion 
Microleakages is one of the critical challenges in aesthetic dentistry. The development 
of materials with a low level of microleakage is the utmost importance to all dental 
material companies. Here in our study, we have challenged three newly developed 
materials and our results shows that Siloran-based materials did perform better than 
all of the other tested materials. This could be attributed tothe difference in chemical 
composition of the matrix system, the inherent ring-opening polymerization of ox-
irane moieties in the silorane monomer of Filtek™ P90 composite resin starts with the 
cleavage and opening of the ring mechanism which helps in gaining space and coun-
teracts the loss of volume which occurs in the subsequent steps, when the chemical 
bonds are formed manifested as a reduction in polymerization shrinkage stress at 
the tooth/restoration interface as compared to the linear polymerization of the meth-
acrylate-based composite resins(Parolia et al. 2014).
It is also hypothesized that since silorane technology provides lower polymerization 
shrinkage and related polymerization stress than methacrylate-based composite res-
ins, it should be able to withstand thermocycling fatigue at the tooth/restoration in-
terface better than the methacrylate-based composite resins(Al-Boni and Raja 2010; 
Soldo et al. 2013).
Additionally, by the methodof micro-Raman spectroscopy, it has been confirmed that 
the hybrid-layer, created by the silorane adhesive system, is of a comparable thick-
ness to that created by the methacrylate-based adhesives(Soldo et al. 2013).
The decreased polymerization kinetics of the oxirane compared with the meth-
acrylate-based monomers generated a temporary excess of free volume that en-
hanced the mobility of the polymer chains within the system. As a result, the polym-
erization efficiency of the cationic ring-opening monomers was increased as compared 
with the free radical species contained within conventional methacrylate-based 
resin(Bogra et al. 2012). Furthermore, the lower magnitudes of water solubility of sil-
orane based than methacrylate-based resin composites, due to presence of hydropho-
bic siloxane and quartz filler may make the silorane more stable to leach into water 
than those with metallo-silica glasses(Leprince et al. 2010; Parolia et al. 2014; Santos 
et al. 2013).
From all these findings it is proven that the silorane-based composite has been asso-
ciated with less microleakage when compared to methacrylate-based composite ma-
terials. The findings of this study come in agreement with the many other studies, in 
which reported that the silorane-based posterior composite showed significantly less 
microleakage than the methacrylate-based composite(Krifka et al. 2012; Parolia et al. 
2014; Santos et al. 2013; Soldo et al. 2013).
In addition, the results in this study showed that there is statistical significant differ-
ence (p<0.01) in dye penetration between occlusal and gingival regions for all groups, 
it showed that the occlusal regions for all groups had less microleakage as compared 
with the gingival regions.This could be attributed to lesser thickness of enamel at the 
cervical area and lesser enamel/dentine ratio. The dentine margins showed inferior 
quality of bond interface, indicated by a significantly higher microleakage than the 
enamel. The probable reason for this was that the bond strength to enamel is usu-
ally higher than to dentine. Dentine is less favorable bonding substrate due to its 
heterogeneous structure. On the other hand, Enamel is a highly mineralized tissue 
composed of more than 90% of hydroxyapatite, whereas, dentine contains a substan-
tial proportion of water and organic material primarily type I collagen. This increased 
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in microleakage could be due to thermocycling, composite restorations exhibited an 
increase in microleakage at cervical margin when exposed to thermal changes. In 
a study of Paula et al. in 2008 (de Paula et al. 2008)found that the thermal cycling 
negatively influenced marginal adaptation, regardless of the restorative technique, 
with a significant increase in the percentage of marginal gaps, especially at the cervi-
cal areas. Other researcher has also supported our findings that cervical microleakage 
are likely to occur than occlusal (Erdilek et al. 2009; Simi and Suprabha 2011).

Conclusion
Taking into consideration the types of composites tested in this study, we recommend 
the clinical use of Siloran-based composite material for higher microleakage resist-
ance and better marginal seal.

Acknowledgement
The authors thank the scientific committee at Al-Mustansiriya University for their 
valuable insight. A gratitude from the authors to the Higher Committee for Education 
Development (HCED) in Iraq for their continuous support. Authors disclose no finan-
cial conflict of interest related to this work. 

References
Ahmed I. 2013. Deep resins, white fillings: A new technique for composite restora-
tions. Cosmet Dent. 1:12-18.
Al-Boni R, Raja OM. 2010. Microleakage evaluation of silorane based composite versus 
methacrylate based composite. Journal of conservative dentistry : JCD. 13(3):152-
155.
Beun S, Glorieux T, Devaux J, Vreven J, Leloup G. 2007. Characterization of nanofilled 
compared to universal and microfilled composites. Dental Materials. 23(1):51-59.
Bogra P, Gupta S, Kumar S. 2012. Comparative evaluation of microleakage in class ii 
cavities restored with ceram x and filtek p-90: An in vitro study. Contemporary clinical 
dentistry. 3(1):9-14.
Borges AF, Santos Jde S, Ramos CM, Ishikiriama SK, Shinohara MS. 2012. Effect of 
thermo-mechanical load cycling on silorane-based composite restorations. Dental ma-
terials journal. 31(6):1054-1059.
Condon JR, Ferracane JL. 2002. Reduced polymerization stress through non-bonded 
nanofiller particles. Biomaterials. 23(18):3807-3815.
de Paula AB, Duque C, Correr-Sobrinho L, Puppin-Rontani RM. 2008. Effect of restora-
tive technique and thermal/mechanical treatment on marginal adaptation and com-
pressive strength of esthetic restorations. Operative dentistry. 33(4):434-440.
Erdilek D, Dörter C, Koray F, Kunzelmann K-H, Efes BG, Gomec Y. 2009. Effect of 
thermo-mechanical load cycling on microleakage in class ii ormocer restorations. Eu-
ropean Journal of Dentistry. 3(3):200-205.
Eunice C, Margarida A, João C-L, Filomena B, Anabela P, Pedro A, Miguel MC, Diana 
R, Joana M, Mário P et al. 2012. 99mtc in the evaluation of microleakage of compos-
ite resin restorations with sonicfilltm. An in vitro experimental model. Open Journal of 
Stomatology,. 2(4):7.
Filtektm -p90. [accessed 2017 Feb 22]. http://multimedia.3m.com/mws/
media/495289O/filtek-p90-8pg-brochure.pdf.
Ghulman MA. 2011. Effect of cavity configuration (c factor) on the marginal adapta-

Dr. Muhanned AlHadad, Dr. Hikmet AlGharrawi, Dr. Jacob Al-Hashemi



Volume 4, Issue 2 2017

128

tion of low-shrinking composite: A comparative ex vivo study. International journal of 
dentistry. 2011:159749.
Gonzalez Lopez S, Sanz Chinesta MV, Ceballos Garcia L, de Haro Gasquet F, Gonzalez 
Rodriguez MP. 2006. Influence of cavity type and size of composite restorations on 
cuspal flexure. Medicina Oral, Patología Oral y Cirugía Bucal. 11(6):E536-540.
Ilie N, Hickel R. 2006. Silorane-based dental composite: Behavior and abilities. Dental 
materials journal. 25(3):445-454.
Placing posterior composites: Increasing efficiency. 2011. [accessed 2015 Nov 22]. 
http://www.dentistrytoday.com/restorative/4825-placing-posterior-composites-in-
creasing-efficiency.
Korkmaz Y, Ozel E, Attar N. 2007. Effect of flowable composite lining on microleakage 
and internal voids in class ii composite restorations. The journal of adhesive dentistry. 
9(2):189-194.
Krifka S, Federlin M, Hiller KA, Schmalz G. 2012. Microleakage of silorane- and 
methacrylate-based class v composite restorations. Clinical oral investigations. 
16(4):1117-1124.
Kusgoz A, Ulker M, Yesilyurt C, Yoldas OH, Ozil M, Tanriver M. 2011. Silorane-based 
composite: Depth of cure, surface hardness, degree of conversion, and cervical micro-
leakage in class ii cavities. Journal of esthetic and restorative dentistry : official publi-
cation of the American Academy of Esthetic Dentistry  [et al]. 23(5):324-335.
Leprince J, Palin WM, Mullier T, Devaux J, Vreven J, Leloup G. 2010. Investigating 
filler morphology and mechanical properties of new low-shrinkage resin composite 
types. Journal of oral rehabilitation. 37(5):364-376.
Loguercio AD, Reis A, Ballester RY. 2004. Polymerization shrinkage: Effects of con-
straint and filling technique in composite restorations. Dental materials : official publi-
cation of the Academy of Dental Materials. 20(3):236-243.
M R, Sajjan GS, B N K, Mittal N. 2010. Effect of different placement techniques on 
marginal microleakage of deep class-ii cavities restored with two composite resin for-
mulations. Journal of Conservative Dentistry : JCD. 13(1):9-15.
Magne P, Oganesyan T. 2009. Premolar cuspal flexure as a function of restorative 
material and occlusal contact location. Quintessence international (Berlin, Germany : 
1985). 40(5):363-370.
Nadig RR, Bugalia A, Usha G, Karthik J, Rao R, Vedhavathi B. 2011. Effect of four dif-
ferent placement techniques on marginal microleakage in class ii composite restora-
tions: An in vitro study. World Journal of Dentistry 2(2):111-116.
Parolia A, Adhauliya N, de Moraes Porto IC, Mala K. 2014. A comparative evaluation of 
microleakage around class v cavities restored with different tooth colored restorative 
materials. Oral health and dental management. 13(1):120-126.
Pazinatto FB, Campos BB, Costa LC, Atta MT. 2003. Effect of the number of thermocy-
cles on microleakage of resin composite restorations. Pesquisa odontologica brasileira 
= Brazilian oral research. 17(4):337-341.
Roggendorf MJ, Kramer N, Appelt A, Naumann M, Frankenberger R. 2011. Marginal 
quality of flowable 4-mm base vs. Conventionally layered resin composite. Journal of 
dentistry. 39(10):643-647.
Santos MJ, Podorieszach A, Rizkalla AS, Santos GC, Jr. 2013. Microleakage and mi-
crotensile bond strength of silorane-based and dimethacrylate-based restorative sys-
tems. Compendium of continuing education in dentistry (Jamesburg, NJ : 1995). 34 
Spec No 8:19-24.

Dr. Muhanned AlHadad, Dr. Hikmet AlGharrawi, Dr. Jacob Al-Hashemi



Volume 4, Issue 2 2017

129

Simi B, Suprabha BS. 2011. Evaluation of microleakage in posterior nanocomposite 
restorations with adhesive liners. Journal of Conservative Dentistry : JCD. 14(2):178-
181.
Soldo M, Simeon P, Matijevic J, Glavina D, Illes D, Krmek SJ. 2013. Marginal leakage 
of class v cavities restored with silorane-based and methacrylate-based resin sys-
tems. Dental materials journal. 32(5):853-858.
Stockton LW, Tsang ST. 2007. Microleakage of class ii posterior composite restorations 
with gingival margins placed entirely within dentin. Journal (Canadian Dental Associa-
tion). 73(3):255.
Weinmann W, Thalacker C, Guggenberger R. 2005. Siloranes in dental composites. 
Dental materials : official publication of the Academy of Dental Materials. 21(1):68-
74.

Dr. Muhanned AlHadad, Dr. Hikmet AlGharrawi, Dr. Jacob Al-Hashemi



Volume 4, Issue 2 2017

130

Diagnostic Value of Fine Needle Aspiration Cytology 
(FNAC) in Salivary Gland Tumors

1Atheer Talib Jiboon, BDS., 2Najwa Jamil AbdulRazzak, FIBMS. and 3Sabah 
Abdulaziz, FIBMS.
1Senior House Officer, Maxillofacial Surgery, Medical city-Alshaheed Ghazi 
Alhareery for Specialized Surgeries Hospital, Baghdad_ Iraq, 
2,3 Cosultant Maxillofacial surgeon, Medical city-Alshaheed Ghazi Alhareery 
for Specialized Surgeries Hospital, Baghdad_ Iraq
Corresponding author: Atheer Talib Jiboon
e-mail: dr_athear85@yahoo.com

Abstract
Introduction Salivary gland tumors represent the most complex and diverse group 
of tumors encountered in the head and neck region. The diagnosis of these tumors 
is challenging and the histological examination in the form of incisional biopsy is the 
standard preoperative diagnostic method, but for major salivary glands this technique 
harbors the potential for facial scar, facial nerve injury, development of fistula and 
tumor cells spillage. This is why it is restricted to the minor gland pathology It is re-
stricted to the minor gland pathology. Fine-needle aspiration cytology (FNAC), on the 
other hand, does not have such complications and therefore it is more accepted and 
preferable as a preoperative diagnostic method. Aim Assessment of diagnostic value 
of fine needle aspiration cytology (FNAC) in salivary gland tumors. Patients and 
Methods Twenty patients were involved; FNAC was performed. The study was con-
ducted in the Department of Oral and Maxillofacial Surgery in Alshaheed Ghazi Alha-
reery for Specialized Surgeries Hospital at Medical City_ Baghdad, in the period from 
November 2015 to November 2016. FNAC was performed as preoperative diagnostic 
tool
 Results There was no significant difference between benign and malignant salivary 
gland tumors in terms of patients’ age and gender. The majority of tumors were in the 
parotid and minor salivary glands in the palate respectively. The malignant tumors 
showed higher prevalence, Mucoepidermoid Carcinoma followed by Adenoid Cystic 
Carcinoma were the most common malignant tumors while Pleomorphic Adenoma 
was the most common benign tumor. The values of FNAC Accuracy, Sensitivity, Speci-
ficity, Positive predictive value (PPV) and Negative predictive value (NPV) were: 85%, 
84.62%, 85.71%, 91.7% and 75% respectively. Conclusions FNAC has a reasonable 
reliability in differentiating benign and malignant salivary gland tumors with accepted 
level of accuracy, sensitivity, specificity, positive predictive value and negative predic-
tive value. The high positive predictive value of FNAC in this study indicates the good 
reliability to confirm the malignancy.

Keywards Fine Needle Aspiration Cytology (FNAC), Salivary gland 
tumors, Diagnostic value of  FNAC
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Introduction 
Salivary gland tumors constitute an important aspect in the field of maxillofacial pa-
thology. These tumors are a heterogeneous group of neoplasm in the head and neck 
area; they have the complex morphologic appearance and different clinical behavior, a 
fact that renders their difficulty in diagnosis. They are rare lesions and represent less 
than 1% of all tumors and 3-6% of all head and neck neoplasms in various reports 
by Wahiduzzaman et al., 2013. The most common site of salivary gland tumors is the 
parotid gland, it can be stated that two-thirds to three-quarters of all salivary tumors 
occur in the parotid gland, and two-thirds to three quarters of these parotid tumors 
are benign. Minor salivary glands in the palate are the second most affected glands 
(Neville, 2016). The histological examination is the standard diagnostic method in the 
form of incisional biopsy, but for major salivary glands this technique harbors the po-
tential for facial scar, facial nerve injury, development of fistula and tumor cells spill-
age so it is restricted to the minor gland pathology. Fine Needle Aspiration Cytology 
(FNAC) is the study of cells obtained by a small gauge needle generally with a vacu-
um system provided by an air tight syringe. In recent decades, fine needle aspiration 
cytology (FNAC) has been established as an efficient diagnostic tool for superficial 
masses; including salivary gland masses (Song et. al., 2015). Salivary gland FNAC 
does not have the same complications of incisional biopsy and therefore it is more 
accepted and preferable as a preoperative diagnostic method (Miloro et al., 2011). 
Despite of FNAC diagnostic value; it seems that this technique has not given enough 
attention regarding the diagnosis of salivary gland tumors in Iraq. 

Patients and Methods
This prospective observational study conducted in the Department of Oral and Maxil-
lofacial Surgery in Alshaheed Ghazi Alhareery for Specialized Surgeries Hospital at 
Baghdad›s Medical City. Twenty patients were involved who was complaining from 
major or minor salivary gland tumor, the period of study was from November 2015 
to November 2016. FNAC was performed as a preoperative diagnostic tool. All the 
selected patients underwent aspiration after explaining the procedure and taking a 
verbal consent. Ethical approval to conduct the research was obtained from the Iraqi 
Board for Medical Specialization on March, 2015. 
A specifically designed case sheet (approved by the department) was formulated and 
applied for each patient in the consultation clinic, which includes the patient’s demo-
graphic data; medical history and some clinical essentials in tumor assessment (side, 
site, skin tethering and surface ulceration) followed by the examination of regional 
cervical lymph nodes and assessment of facial nerve function. Relevant investiga-
tions to the mass also were performed in the following order: ultrasound imaging of 
the mass to exclude vascular lesion followed by Computerized tomography (CT) with 
contrast medium for the assessment of the mass extension and invasion of the ad-
jacent structures, Finally the Fine Needle Aspiration Cytology (FNAC) was carried out 
(Kocjan, 2006). All of the data were registered on the case sheet with the final histo-
pathological diagnosis after tumor definitive surgery. The procedure was performed in 
aseptic environment in which the operator wear mask and gloves and the area over 
the mass wiped with alcohol (70%). The mass is palpated and fixed between the fin-
gers of the left hand and the needle is passed on perpendicular way to the mass then 
applying negative pressure (by pulling the plunger of the syringe backward) (figure 1 
A). Keeping the negative pressure along with a jerking movement forward and back-
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ward until aspiration is seen in the hub of the needle, then release the negative pres-
sure and withdraw the syringe fixative. 

Figure (1- A): FNA from Right Parotid painless mass of 3 months duration and the
 result was pleomorphic adenoma

The aspirated material is expelled onto the labeled glass slides. Thin film preparation 
was done by spreading the slides with each other (Figure 1_ B).
 

Figure (1-B): Thin Film Preparation

Four glass slides were prepared and labeled with pencil as two groups carrying the 
patient name and serial number: one group is air dried, stained with May-Grunwald 
Giemsa (MGG) stain and other group is fixed by immersion in a series of different 
concentrations of ethanol alcohol fixative, stained with Papanicolaou stain (pap stain) 
(Figure 1-C).
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Figure (1-C): The sequence of fixation and steps of Pap staining

Case Example of the study is illustrated in (Figure 2)

 

Figure (2-A): 30 years old lady with 6 months duration right parotid mass
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Figure (2-B): FNAC revealed Pleomorphic adenoma 
(epithelial cells with chondromyxoid material)

 

Figure (2-C): After complete removal of the superficial lobe.
 

Figure (2-D): Histopathology confirm the diagnosis by the abundance of myoepithelial 
cells with chondromyxoid material
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Statistical Analysis
Statistically the p value was considered to be significant if p <0.05. The FNAC inde-
pendent t test was used to analyze the p value in tumor distribution according to age, 
this test is performed for comparing the means between two unrelated groups. Fisher 
exact test was used to analyze the p value in tumor distribution according to gender, 
this test used for categorical data that result from classifying objects in two different 
ways, the most common use of this test is 2*2 tables and that’s why it was used here 
(female, male * benign, malignant). Galan and Gambino method was used to calcu-
late the accuracy, Sensitivity, Specificity, Positive predictive value and Negative pre-
dictive value of FNAC.

Results
In this study 20 patients were enrolled with confirmed diagnosis of salivary gland 
tumors. The majority of tumors were malignant on histopathological examination: 13 
cases were malignant while 7 cases were benign. There was no significant difference 
between benign and malignant tumors in terms of patients’ age and their gender, as 
illustrated in Table 1, ten cases were female and ten cases were male, male to female 
ratio was 1:1 of the 20 patients. 

Table 1: Tumors distribution according to patients age and gender

Overall mean age of the patients was 51 ± 10 years, ranging from 29 – 77 years, 
most of the patients concentrated in the age group 50 – 59 years. The study showed 
only three sites affected by salivary gland tumors. The majority of these tumors were 
in the parotid gland followed by minor salivary glands in the palate and submandibu-
lar gland respectively. All palatal gland tumors and the majority of Parotid gland tu-
mors were malignant while the submandibular gland showed the least involvement by 
malignancy (Figure 3). 
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Figure (3): Histogram of Tumors Distribution according to the sites 

Regarding the prevalence of histological types of the salivary glands tumors; Mucoepi-
dermoid carcinoma followed by Adenoid cystic carcinoma were the most common ma-
lignant tumors, wheareas Pleomorphic Adenoma was the most common benign tumor.
The results were categorized into the following groups: True Positive (+ve) cases 
(which were malignant in both cytological and histopathological examination), True 
Negative (-ve) cases (which were benign in both cytological and histopathological 
examination), False Positive cases (which were malignant on cytological interpretation 
but benign on histopathological examination) and  False Negative cases (which were 
benign in cytological interpretation but malignant on histopathological examination). 
The following table (Table 2) demonstrates these mentioned results.
The accuracy, sensitivity, specificity, positive predictive value and negative predictive 
value of FNAC were calculated and the results were in the following table (Table 3).

Table (2): FNA Results related to Histopathological Results
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Table (3): Accuracy, Sensitivity and Specificity of FNAC

Discussion
The present study was designed to determine the accuracy of Fine Needle Aspiration 
Cytology in the diagnosis of salivary gland tumors by comparing its results with the 
definitive histopathological diagnosis for 20 patients. The study revealed no obvious 
difference between benign and malignant salivary gland tumors in terms of patients’ 
age and gender. This is similar to the results obtained in other studies as Ranjbari  et 
al., 2015. 
Interestingly, this study found that the prevalence of malignant salivary gland tumors 
was much higher than the benign tumors, the study of Sarkis et al., 2010 support 
the idea of high prevalence of salivary gland malignancy in the Iraqi population unlike 
other studies as Kummar et al., 2011. This could be related to the paucity of reported 
salivary gland tumors during the study period, which might influence the statistical 
results, but another possible explanation for this result might be the increased en-
vironmental risk factors for malignancy in Iraq, as it has been a war zone for three 
decades in which forbidden weapons have been used. 

An important clinically relevant finding was the site of the tumor, only 3 sites mani-
fested in the whole sample, the majority were in the parotid gland followed by the mi-
nor salivary glands in the palate, this is seems to be consistent with other researchers 
as Torabinia and Khalesi, 2014. There were no recorded cases of tumors in the sublin-
gual gland, probably due to the rarity of tumors incidence in this gland as mentioned  
in Tian et al., 2010. The study revealed that the most common benign salivary gland 
tumors were the Pleomorphic Adenoma, whereas the most common malignant tumors 
were the Mucoepidermoid Carcinoma followed by Adenoid Cystic Carcinoma and this 
is in agreement with most studies as Arul et al., 2015; Kummar et al., 2011; Ansari, 
2007; Al-Khateeb and Ababneh, 2007. The FNAC results were compared to histo-
pathological results and classified into the following categories: true-negative, true-
positive, false-negative and false-positive to calculate the diagnostic value of FNAC. 
False negative results are mainly due to missed malignant foci during aspiration and 
it could be overcome by repeated aspiration from multiple sites of the tumor at the 
same time. False positive results which occur rarely are due to either over interpreta-
tion of reactive epithelial cells as malignant cells or due to lab errors, therefore the 
cytological diagnosis of malignancy underwent slide review for confirmation and to 
overcome the over interpretation. The lab errors occurred when multiple slides pre-
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pared together in the same jars.
The results of FNAC accuracy, sensitivity, specificity, positive predictive value and 
negative predictive value were comparable with most studies which revealed similar 
results as (Arul et al., 2015), (Kummar  et al., 2011) and (Stramandinoli et al., 2010). 
Also, these results are almost matching the results of other Iraqi studies as Issa and 
Ismail, 1997 which was conducted to determine the accuracy of FNAC on cervical 
lymph nodes.

Conclusions
Fine needle aspiration cytology has a reasonable reliability in differentiating benign 
and malignant salivary gland tumors with the accepted level of accuracy, sensitivity, 
specificity, positive predictive value and negative predictive value. The high positive 
predictive value of FNAC in this study indicates the good reliability to confirm the ma-
lignancy.
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Abstract
Background Precise localization of infraorbital foramen is important for the better 
outcome of diagnostic, surgical or therapeutic procedures relating to maxillofacial 
region. Objectives it was to find the exact anatomical location of infraorbital fora-
men (IOF) in relation to infraorbital margin (IOM), piriform aperture (PA), anterior 
nasal spine (ANS), nasion (N), rhinion (RH), and frontomalare orbitale (FMO) in Kurd-
ish cadaver skulls. Materials and Methods This study was performed on 40 human 
Kurdish dry skulls (total of 80 sides) irrespective of age and gender. The skulls were 
collected from department of anatomy, college of medicine, University of Sulaimani, 
Hawler, and Duhok. The study performed between 2013 and 2016.  Special digital 
vernier caliper was used to measure the distance between IOF and each of the IOM, 
PA, ANS, N, RH, and FMO. Results There was a significant difference between right 
and left measurements of the skull (P<0.05). Almost all measurements were higher 
on the right side except the dimension between IOF-IOM which was higher on the left 
side. Conclusion location of IOF relating to the anatomical landmarks that have been 
used in this study was determined and should be considered while the following pro-
cedures; diagnostic procedures, giving local anesthesia and surgical intervention are 
performed in this anatomically important area.

Keywords Infraorbital Foramen, Anatomical landmark, morpho-
metric, Direct, Surgical procedures. 

Introduction
Infraorbital foramen IOF is located bilaterally on the maxillary bone, below the in-
fraorbital rim. Zygomatic bone forms the lateral margin of the IOF, while the medial 
boarder is formed by maxillary bone. Several studies have reported a variable location 
of IOF in similar gender and side (Agthong S et al., 2005; Apinhasmit W et al., 2006).
Authors used palpation technique for localization of the anatomical landmark of in-
fraorbital foramen. Palpation performed between lower boarder of infraorbital margin 
and infraorbital foramen. This is figuring an imaginary line started from the middle of 
pupil of the eye toward the IOF. This method is simple and easy to be applied. How-
ever, the palpation may hurts the patient and gives him uncomfortable sensation due 
to the pressure applied on IOF. This unpleasant sensation could be due to the super-
ficial location of IOF and absence of deep fascia on the skin around IOF area (Snell 
RS, 2008). Furthermore, localization of IOF by palpation found to be difficult in people 

Dr.Dler A Mohammed, Dr.Asra K Mohamad,& Dr.Avin A Ali



Volume 4, Issue 2 2017

141

with thick skin. Localization of IOF by direct method using cadavers is more accurate 
than localization by superficial marking and palpation techniques (Gaertner E et al., 
2004).  
Infraorbital foramen is located approximately 1 cm down to the infraorbital margin; 
however, this range may be varied between 6-12 mm (Williams, P. L et al., 1989). 
Neurovascular bundles passing through the IOF are infraorbital nerve, artery and 
vein. Infraorbital nerve derived from maxillary division of trigeminal nerve. Skin of the 
upper cheek and upper lip is innervated by infraorbital nerve. Furthermore, it supplies 
the mucosa of the upper lip, maxillary sinus, part of the nose. It also supplies the 
maxillary incisor, canine, premolar teeth, and gingiva of maxillary teeth (Aziz S et al., 
2000; Przygocka A et al., 2016). 
Localization of the exact position of infraorbital foramen is challenging. However, re-
gional anesthesia of the face such as infraorbital nerve block is essential in different 
surgical and/or clinical procedures such as maxillofacial operations, facial lacerations 
and facial plastic operations (Aziz S et al., 2000). Infraorbital nerve provides a con-
siderably large area of sensory innervations including lower eyelid, upper lip, lateral 
nose, upper teeth and related gingiva. Adequate information of exact morphology and 
location of infra orbital foramen is important to minimize anesthetic complications 
(Berry JK and Bergman RA, 2001). 
Several studies have estimated the location of infraorbital foramen in dry skulls, us-
ing direct or indirect methods. A study was conducted on human skulls in Poland to 
locate the IOF in relation to some anatomical landmarks such as nasion, rhinion and 
frontomalare orbitale (Apinhasmit W et al., 2006). Other studies in Thailand, Korea, 
Sri Lanka and Europe were localized the infraorbital foramen using different anatomi-
cal reference pints or planes (Chung MS et al., 1995; Aziz S et al., 2000; Apinhasmit 
W et al., 2006; Ilayperuma I et al., 2010; Rebaz Samir Ismail and Ali Sultan Al-Refai, 
2016).
To-date, the available information about the morphometric details and location of 
infraorbital foramen in Kurdish population is limited. The aim of this study was to 
identify the precise location of IOF in relation to the anatomical landmarks, infraorbi-
tal margin, piriform aperture, anterior nasal spine, nasion, rhinion, and frontomalare 
orbitale in dry skulls of Kurdish cadavers. 

Material and methods
To perform this study, fifty dry human skulls obtained from the department of anat-
omy, college of medicine, University of Sulaimani, Hawler, and Duhok between 2013 
and 2016. The ethical approval was obtained from the ethical committee of col-
lege of dentistry, Sulaimani University for Scientific Affairs (protocol number 55 at 
07/08/2016).  Out of 50 skulls only 40 were included in the current study. Fractured 
or deformed skulls in the piriform aperture (PA), infraorbital foramen (IOF), fronto-
molare orbitale (FMO), rhinion (RH), nasion (N) or at the infraorbital margin (IOM) 
were excluded from the study. Over all measurements were performed on the right 
and left sides of the skulls (80 sides) by direct method on cadaver skulls. The variable 
of age and gender were not considered in this study. In the case of presence of more 
than one infraorbital foramen, the largest size infraorbital foramen was selected. Ac-
cessory infraorbital foramens were excluded from the study. The measurements were 
recorded twice by two different operators and the mean values were recorded. Inter-
examiner calibration was performed in this study in order to achieve more reliable and 
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precise measurements. The measurements were repeated until a high inter-examiner 
agreement is achieved.  Mitutoya vernier Caliper (Kawasaki Japan) with 0.05mm ac-
curacy was used to estimate the required measurements. The skulls were positioned 
in an anatomical position before the measurements were undertaken. The anatomi-
cal position of the skull is called Frankfort plane, a position at which lower margins 
of orbits, orbitalis, the upper margins of the ear canals and the poria, lie in the same 
horizontal plane. The following morphometric measurements, previously assessed by 
Ukoha UU et al.(2014) &Przygocka A et al..,(2016)studies were recorded.Figure(1):  
1. The distance between infraorbital foramen IOF and infraorbital margin IOM.
2. The distance between infraorbital foramen IOF and piriform aperture PA.
3. The distance between infraorbital foramen IOF and anterior nasal spine ANS.
4. The distance between infraorbital foramen IOF and nasion N. 
5. The distance between the infraorbital foramen IOF and rhinion RH.
6. The distance between the infraorbital foramen IOF and frontomalare orbitale FMO. 
The measurements were recorded in millimeters (mm), and separated by sides.   
Statistical analysis performed using Statgraphics plus 40 software. The correlation 
between the right and left side variables was tested using t-test, the correlations were 
considered significant when (P value ≤ 0.05).

Figure 1 
Showing distance from IOF to IOM (A), PA (B), ANS (C), N (D), RH 

              (E), and FMO (F) respectively.  
Results
In this prospective study fifty human dry skulls, where included. However, a total of 
40 skulls where in accordance with inclusion criteria. A total of 80 sampling sides (40 
right and 40 left) were assessed for the distance measurements of IOF from each of 
the following landmarks: IOM, PA, ANS, N, RH and FMO, at both sides as shown in Ta-
ble (1) and Figure (1). The mean distance and standard deviation (SD) between IOF 
and each of the IOM, PA, ANS, N, RH, and FMO were 7.45± 1.89 mm, 18.81± 1.98 
mm, 32.46±2.59 mm, 42.43±3.52 mm, 39.09±2.59 mm, 34.25±2.59 mm respec-
tively.
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Statistical analysis of the data using t-test, showed significant differences between 
the right and the left side distances (P<0.05). All measurements were significantly 
higher at the right side of the skull with exception of the distance between IOF and 
IOM which was significantly higher at the left side than the right side (P<0.05) as 
shown in Table (1) and Figure (2).  

Table (1): Anthropometric measurements of Kurdish human skulls.

                 
Figure (2) 

The mean values of the right and left liner anthropometric measurements between the IOF 
and the surrounding landmarks in Kurdish human skulls.                   
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Discussion
Several attempts have been made to localize the IOF in regards to the surround-
ing anatomical structures. Therefore adequate knowledge and information about the 
exact location and localization of the infraorbital foramen from anatomical reference 
points helps dentists and maxillofacial surgeons achieve successful anesthetic or sur-
gical procedures. The current study involved different anatomical landmarks as being 
clinically the most imminent points around the IOF. For clinicians, this will facilitate 
the process of localization of the IOF.  Vital role of IOF localization is obvious during 
treatment and diagnosis of trigeminal neuralgia (Lee WY et al., 2006). In addition, 
IOF localization is important during maxillary sinus Coldwell-Luc operation, surgical 
operation of zygomatic arch, and other various surgical procedures related to orbit 
(CouldwellWT et al., 1997; Du Tolt D .F and Nortje C, 2003; Karakas P et al., 2002).                        
From the available literature, different methods of localization of IOF were reported. 
However, the exact localization of this landmark is still challenging.
The position of the IOF is significantly variable (Berry AC, 1974; Boopathi S et al., 
2010). Several attempts have been made to properly localize the IOF to reduce the 
surgical complications such as neurovascular bundles trauma, neuralgias, and sensa-
tion loss in this anatomically important area (Cutright B et al., 2003; Agthong S et al., 
2005; Chrcanovic BR et al., 2011; Singh R, 2011; Przygocka A et al., 2012).  
A limitation of the methodology applied in this study is that we did not consider the 
factors of age, gender, facial shape, and head dimensions. However, the advantages 
of our method is that the measurements of the landmarks were properly and precisely 
recorded on dry skulls, and this overcome the drawbacks of previous procedures such 
as superficial marking and palpation methods.                                   
In the current study the mean distance between IOF and IOM was 7.45mm. This 
value was higher than those reported by Kazkayasi M et al., (2001), Cutright B et al., 
(2003), Singh R, (2011), Gourkk et al., (2012), Lokanayaki V, (2013) and, Ukoha UU 
et al., (2014) studies, being 7.18mm; 6.4mm; 6.16mm; 7.39mm; 7.39mm; 7.38mm 
respectively. But lower than those stated by Chung MS et al., (1995), Canan S et al., 
(1999), Aziz S et al., (2000), Apinhasmit W et al., (2006), Deepthi Nanayakkara eta 
al., (2016) and, Rebaz Samir Ismail and Ali Sultan Al-Refai, (2016), studies being 
8.60mm; 9.61mm; 8.50mm; 9,23mm; 7.6mm; 7.53mm respectively.      
Therefore, the mean distance of IOF-IOM in Kurdish population was varied from the 
above reported studies approximately ±2mm. This variation in the results perhaps is 
due to racial differences in the study samples.                                                                                                          
The mean distance of IOF-PA was 18.81mm. This value was higher than those re-
ported by Hindy AM and Abdel-Raouf F, (1993), Macedo VC et al., (2009), Singh 
R, (2011), Lokanayaki V, (2013) and, Rebaz Samir Ismail and Ali Sultan Al-Refai, 
(2016), studies being 15.56mm; 16.48mm; 17.23mm; 17.67mm; and 17.83mm 
respectively. While the value was in accordance with the finding of Ukoha UU et al., 
(2014) whose reported distance of 18.82mm.
The mean distance between IOF and ANS, in this study was 32.46mm. This measure-
ment was lower than the distance recorded by Agthong S et al., (2005), and Lopes 
PTC et al., (2009) that recorded the distance as 33.93mm; and 35.18mm respec-
tively. While it was higher than the finding of (Ukoha UU et al., 2014) that recorded as 
29.52mm. 
This study also found that the IOF had a mean distance of 42.43mm in relation to N. 
This was lower than recorded by Przygocka A et al., (2012), and Deepthi Nanayakkara 
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et al., (2016) that recorded 44.81mm and 42.95mm respectively.  
Also we found that the mean distance between IOF with each of the RH and FMO were 
39.09mm and 34.25mm respectively. These values appeared to be lower than those 
recorded by Przygocka A et al., (2012) that recorded the same distances as 39.36mm 
and 36.3mm respectively.
These variations in the measurements probably be due to selecting different popula-
tion, sample size, gender, racial differences, facial bone size variation, landmarks se-
lection and measurement techniques applied in these studies (Agthong S et al., 2005; 
Apinhasmit W et al., 2006).
The results of this study clarify that all the right side measurements regarding this 
paper are significantly higher than the left side (P<0.05), except for the distance be-
tween IOF and IOM which is higher on the left side as shown in Figure (2). This is well 
agree with finding of (Macedo VC et al., 2009; Przygocka A et al., 2012; Lokanayaki V, 
2013; Krishna Reddy D, 2013; Ukoha UU et al., 2014).
It is suggested that data from one population cannot be transposed to another popu-
lation, because of population specificity in anatomical landmarks and different facial 
morphology. These finding measurements supplies useful dedicated information in 
management of maxillofacial trauma, anesthetic procedures, rhinoplasty, facial palsy 
treatment, and botox insertion in esthetic purposes (Donath AS et al., 2010).

Conclusion
This study determined the location of IOF in relation to the surrounding anatomical 
landmarks in Kurdish cadaver skulls. It was found that all the measurements adopted 
in this study were significantly higher at the right side of the skull than the left side 
except for distance between IOF and IOM which was higher on the left side. The iden-
tification between mean distance of IOF and the surrounding landmarks could poten-
tially help in the localization of IOF through self-palpation.
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Abstract
Background Behçet’s disease (BD) is a multi-systemic inflammatory disorder charac-
terized by recurrent oral and genital ulceration. Free oxygen radicals may have a role 
in the pathogenesis of BD and can relate to the existence of the disease. 
Objectives This study had been designed to assess salivary and serum lipid per-oxi-
dation as malondialdehyde (MDA) and status of antioxidant as total glutathione (GSH) 
in patients with BD in comparison with healthy subjects to detect the possible involve-
ment of oxidative stress in BD. Materials and methods This is a case–control study, 
salivary and serum samples were taken from fifty BD patients with an age range 20 to 
56 years with mean age 35.3 ± 7.6 years and fifty healthy control subjects with age 
range 16 to 58 years and mean age 34.8± 9.1 years. All were analyzed for MDA and 
GSH spectrophotometrically. Data was analyzed using descriptive statistics, t-test, 
P (ANOVA) test, Chi-square (2X) test, Pearson correlation and Receiver Operating 
Characteristic statistical analyses. Results The study showed that salivary and serum 
MDA level was higher in BD patients than in healthy subjects (P<0.05 and P<0.001 
respectively). The levels of saliva and serum total GSH were significantly lower in BD 
patients than in healthy subjects. (P <0.001). Conclusion The results of this study 
revealed that BD patients were subjected to oxidative stress damage and saliva could 
be used as pain-free alternatively to serum in determining oxidative stress in Behçet’s 
disease.

Keywords Behçet’s disease, MDA, GSH, saliva, serum

Introduction
Behçet’s disease (BD) is a systemic inflammatory disorder clinically dominated by 
recurrent oral and genital ulcerations, uveitis, and skin lesions. It is a vasculitis, af-
fecting vessels of different sizes, types and localizations. The Behçet’s disease has 
a chronic course, with undetectable remissions and exacerbations with the severity 
and frequency that may diminish with time (Al-Otaibi et al, 2005). Behçet’s disease 
is commonly observed among people living along the old Silk Road which extended 
between the Mediterranean, the Middle East and the Far East and is noted frequently 
between the30th and 45th degree latitudes in Asian and European populations (Keino 
and Okada. 2007). 
The mean age of onset occurs mainly between 18 to 40 years and after 55 years the 
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onset of BD is rare and the diagnosis has to be made very cautiously (Saadoun and 
Wechsler, 2012).
Although the etiology of BD is still unknown. The main factors are genetic background 
and triggers of infectious agents with environmental factors as well as impairment of 
antioxidant defense system (Karaman et al., 2009).
It is suggested that free oxygen radicals and reactive oxygen species may have a role 
in the pathogenesis of BD that can lead to increase in the levels of malondialdehyde 
(MDA), which is the end product of lipid peroxidation and serves as an indicator of 
oxidative stress (Saglam et al., 2002; Isik et al., 2007; Taysi et al., 2008).
The objectives of this study were to assess the level of salivary and serum lipid per-
oxidation as MDA and status of antioxidant as glutathione (GSH) in Behçet›s disease 
patients in comparison with healthy subjects (age and sex matched) to explore the 
possible relation of oxidative stress in the existence of Behçet’s disease and to explore 
the association between selected clinical features among Behçet’s syndrome with oxi-
dative stress parameter.

Materials and methods
This study was carried out in Baghdad at the multidiscipline BD clinic in Baghdad 
Teaching Hospital, Department of Dermatology and Venereology at Al-Yarmook Teach-
ing Hospital and Poisoning Consultation Centre (P.C.C.) at the Specialized Surgeries 
Hospital for laboratory work. An ethical approval was taken from the Scientific Ethical 
Committee (Reference number 8 on March 29th, 2017).
Fifty patients (32 males and 18 females) with BD with an age range of 20 to 56 years 
with a mean age (± SD) 35.3 ± 7.6 years and fifty healthy subjects (30 males and 20 
females) with an age range of 16 to 58 years and mean age of 34.8± 9.1years in-
volved in this study.
The international diagnostic criteria for BD were used for diagnosis of patients. (Inter-
national Study Group for BD, 1990). These criteria include the mandatory presence of 
recurrent oral ulceration, plus at least two of the followings: recurrent genital ulcera-
tion, eye inflammation, skin lesions (pseudofolliculitis and erythema nodosum), and 
positive pathergy test (local inflammatory reaction to scratches or intradermal saline 
injection). The patients did not have any other systemic diseases.
Examination of the oral ulcer was made regarding the size (if more than one, the 
mean of the largest diameter of ulcer size in millimeter (mm) was taken. Number 
(single or more) and types (minor, major or both).
Fasting blood samples and unstimulated salivary samples were obtained from patients 
with BD and from healthy subjects, then processed by centrifugation at 3000 rpm for 
10 minutes  and frozen at (-20o C) for subsequent analysis.

Statistical analyses
The statistical analyses were performed by IBMSPSS version 23. For independent 
samples T-test was used in the mean and standard deviation (SD) in two groups. 
ANOVA test was used to test the statistical significance of differences in mean be-
tween more than two groups. Chi-square (X2) test of homogeneity was used for ta-
bles with frequencies. Pearson’s coefficient was used for linear correlation analysis 
between two quantitative normally distributed variables. The results were considered 
statistically significant when P value ≤ 0.05 level of significance. ROC analysis was 
used to calculate the validity parameter of a quantitative test at successive cut-off 
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values to predict Behçet’s disease differentiating it from healthy subjects.

Biochemical analysis
Malondialdehyde (MDA) assay: The MDA level was measured according to the method 
of Shah and Walker, (1989) which is based on the reaction of MDA (the last product 
of fatty acid peroxidation) with thiobarbituric acid (TBA), under heat and acidic condi-
tion to give a pink chromogen, which was measured by the spectrophotometer at 532 
(nm). The results were expressed in µmol/L.
Glutathione (GSH) assay:  GSH level (µmol/L) was measured according to the method 
of Burtis & Ashwood, (1999). The concentration of GSH is directly proportional to the 
absorbance of the reduced chromogen that is measured at 405 (nm) by the spectro-
photometer.

Results
The mean ± SD age of BD patients and healthy subjects were (35.3 ± 7.6) and 
(34.8± 9.1) years respectively (P >0.05). This study was conducted on fifty BD pa-
tients (32 males and 18 females) and fifty healthy subjects (30 males and 20 fe-
males) (P>0.05). There was no statistically significant difference in age and gender 
between patients and healthy subjects.
Table (1) showed that salivary and serum MDA was significantly elevated in patients 
than in healthy subjects. The P value is P <0.05 and P <0.001), respectively. Salivary 
and serum GSH was significantly diminished in patients compared with healthy sub-
jects (P <0.001).
There were no statistically significant correlations between the number and type of 
oral ulcer(s) in BD patients with salivary and serum MDA and GSH level as shown in 
tables 2 and 3. 
Figure (1) shows that salivary MDA considered highly sensitive and less specific in the 
detection of the existence of Behçet’s disease differentiating it from healthy subjects 
(ROC area did not differ significantly from the 0.5 area) while serum MDA was highly 
specific and less sensitive in this context. (ROC area >0.9), (P <0.001). 
Salivary and serum GSH were very strong (highly specific and less sensitive) tests as 
shown in Figure 2, (ROC area >0.8), (P <0.001) to predict the existence of Behçet’s 
disease and differentiating it from healthy subjects 
There was a strong negative linear correlation between salivary GSH and MDA (r= 
(-0.603), P <0.001) as shown in Table 4 and Figure 3 and there was no correlation 
between oxidant/antioxidant markers with oral ulcer size in mm and age of patients.

Table (1): Mean ± SD Salivary and Serum oxidant/antioxidant in Behçet’s disease 
patients compared with healthy subjects. 
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Table (2): Mean ± SD Salivary and Serum oxidant/antioxidant levels according to the 
number of oral ulcer(s) among Behçet’s disease patients.

Table (3): The Mean ± SD of Salivary and Serum oxidant/antioxidant by the type of 
oral ulcer among Behçet’s disease.

Figure 1: Receiver operat-
ing characteristic (ROC) curve 
showing the trade-off value 
between sensitivity and speci-
ficity for the salivary and se-
rum MDA to predict a positive 
diagnosis of Behçet’s disease, 
differentiating it from healthy 
subjects.
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Table (4): Linear correlation between Behçet’s disease patients between clinical and 
laboratory parameters.

Figure 2: ROC curve showing 
the trade-off between sensitivi-
ty and specificity for the serum 
and salivary GSH when used 
as test to predict a positive 
diagnosis of Behçet’s disease, 
differentiating it from healthy 
subjects.

Figure 3: Scatter graph 
showing a strong nega-
tive (inverse) linear cor-
relation between salivary 
GSH and MDA (r=-
0.603, P <0.001) among 
BD patients.
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Discussion
BD is a chronic inflammatory multi-systemic syndrome with uncertain etiology and 
pathogenesis and there were many studies in the literature that detect markers of 
oxidant/antioxidant level in blood. In this study the use of saliva as a diagnostic, sub-
stitutive tool for oxidant/ antioxidant markers and correlation with serum level was 
made, since saliva can be used in many studies in diagnosis and implications of oral 
and systemic disorders. 
Saliva has become a widespread diagnostic fluid for medical research and clinics in 
the last years. Since it’s available, easy to collect and repeated non-invasively. How-
ever, sensitivity as well as specificity of saliva as a diagnostic aid has to be validated 
before the routine clinical use (Lee and Wong, 2009). 
MDA is the most prominent product of lipid peroxidation that can be used as a mark 
for the evaluation of oxidative stress (Marnett, 1999). Oxidative stress can also be 
estimated by measuring the antioxidant capacity in most types of biological fluid 
(Suresh et al., 2009).
Elevated MDA levels reflect increased oxidative stress, which is one of the suspected 
factors in the existence of BD (Onur et al., 2011). 
In the current study there is a statistically significant elevation in serum MDA level in 
BD patients compared to healthy subjects. (P <0.001). Serum MDA levels may reflect 
the disease activity and this is consistent with previous studies of Kose et al., 2002, 
Aydin et al., 2004, Buldanlioglu et al., 2005, Nassar et al., 2006, Taysi et al., 2007, 
Bilen et al., 2016. These results revealed that the lipid oxidation represented by high 
level of MDA could be responsible for oxidative damage (particularly the endothelial 
tissue damage) presenting in BD patients. Saliva being non-invasive, easy to collect 
and bearable to the patient with convenient approach can be used to assess MDA 
levels. Regarding salivary MDA level, there is a statistically significant elevation in BD 
patients than in healthy subjects (P. <0.05). On the other hand, the specificity and 
sensitivity of salivary and serum MDA in the detection of BD by ROC curve, Figure 1 
showed that the serum MDA was an accurate test (highly specific and less sensitive) 
in the detection of the existence of Behçet’s disease. (ROC area > 0.9), (P <0.001); 
while salivary MDA was considered highly sensitive and less specific (ROC area did not 
differ significantly from the 0.5 areas). This might be because salivary markers of oxi-
dative stress seem to be locally produced, example, in chronic periodontitis, the local 
production of types of reactive oxygen by oral microorganisms or activated neutro-
phils appears to be of interest. In systemic diseases subjected to oxidative stress, the 
transmission of molecules from plasma to saliva by active transport or intracellular 
transfusion within salivary glands could be the main source of salivary oxidative stress 
(Tóthová et al., 2015). Saliva contains local and serum-derived markers that have 
been shown to be of benefit in the screening of a wide range of systemic disorders; 
however, the levels of specific markers in saliva are not always a correct reflection of 
their levels in serum. The transmission of serum ingredients which are not part of the 
normal salivary composition into saliva is related to the chemical and physical proper-
ties of these molecules. A salivary composition determination could be affected by the 
salivary flow rate and its method of collection. Furthermore, certain salivary enzymes 
could influence the constancy of definite diagnostic markers. Some particles were also 
decomposed during intracellular transport into saliva (Kaufman and Lamster, 2002). 
Numerous antioxidant molecules present in blood that suppress the deleterious ef-
fects of free oxygen radicals (Young and Woodside, 2001). There are studies with a 
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variety of results on enzymatic and non-enzymatic system and trace elements that 
are a part of antioxidant defense system in Behçet’s disease. The total antioxidant 
defense capacity in BD patients has been significantly diminished than healthy sub-
jects in numerous studies of Orem et al., 2002, Najim et al., 2007, Harzallah et al., 
2008, Korkmaz et al., 2011, Gul et al., 2014. The current study showed that the lev-
els of salivary and serum total glutathione were significantly lower in BD patients than 
in healthy controls. (P <0.001), this confirms the presence of oxidative stress state in 
BD. Regarding (ROC) curve method, Salivary and serum GSH were very strong (high-
ly specific and less sensitive) tests as shown in figure 2, (ROC area >0.8), (P <0.001) 
to predict the existence of Behçet›s disease and differentiating it from healthy sub-
jects. In contradiction to the present study of Sandikcis et al., (2003) and Bekpinar et 
al., (2005), reported no significant difference in the total antioxidant capacity among 
BD patients and healthy subjects. The probable explanation for this difference in the 
capacity of the antioxidant system in BD is that the activity of the disease has a no-
ticeable role in the efficiency of antioxidant system; there is a various activity index 
for Behçet›s disease.
In consistence with the above findings, Pearson correlation coefficient was applied in 
this study between parameters revealed a strong negative (inverse) linear correla-
tion between salivary GSH and MDA (r= (-0.603), P <0.001), as shown in Table 4 and 
Figure 3 and this could support the oxidative stress hypothesis in BD.
There was no correlation between the studied salivary and serum oxidant/antioxidant 
markers and the mean of the largest diameter of oral ulcer size in mm. This may be 
because of the imbalance between oxidant/antioxidant levels is related to systemic 
involvement of BD regardless the size of the oral ulcer. The study conducted by Najim 
et al., (2007) found that serum MDA levels were found to be positively correlated with 
the oral ulcer size and there is an inverse correlation between serum total glutathione 
and oral ulcer size.

Conclusion
BD patients are subjected to oxidative stress damage reflected by an elevation in 
saliva and serum MDA level and diminution in antioxidant levels (GSH). Saliva could 
be used as a simple, noninvasive laboratory tool. The study reveals that there is no 
correlation between oxidant/antioxidant markers and clinical characteristics of the oral 
ulcer in BD. Supplementation of the antioxidant in addition to medical therapy may be 
helpful in the management of BD patients.
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Abstract
Background There are three types of carrageenan available (iota, kappa, and 
lambda) which differ in composition and degree of sulfation in polymeric structure. A 
malignant lymphocytes that accumulate in lymph nodes causes a group of diseases 
called Lymphomas causing the characteristics lymphadenopathy. These  may pelt over 
into the blood or infiltrate organs outside the lymphoid tissue. They are Hodgkin›s 
lymphoma and non–Hodgkin›s lymphoma and this is based on the histologic pres-
ence of Reed-Sternberg cells in Hodgkin›s lymphoma. Objectives The present study 
designated to determine the oral manifestations after application of carrageenan in 
patients with Hodgkin›s& Non-Hodgkin›s lymphoma receiving chemotherapy and to 
determine the effect of topical carrageenan on the levels of salivary immunoglobu-
lin A, interleuekin-6 and tumor necrosis factor-α in Hodgkin›s & non-Hodgkin›s lym-
phoma patients. Results The oral manifestations was in Non-Hodgkin›s lymphoma 
patients (64%) and in Hodgkin›s lymphoma patients (36%) taste alteration, followed 
by burning mouth syndrome, dry mouth  and lastly candidiasis with significant differ-
ences after application of carrageenan p>0.05.The levels of salivary immunoglobulin 
A, interleuekin-6 and tumor necrosis factor-α were slightly  decreased but not  sig-
nificantly differences after carrageenan application. Conclusions The carrageenan 
effects on oral lesion may allow the use of Κ –carrageenan as a base or primary com-
pound in dental practice besides the other compounds like chlorhexidine. The salivary 
immunological markers level slightly decreased in lymphoma patients after receiving 
carrageenan which indicate that there is no absorption from oral mucosa. 

Keywords Carrageenan, Oral manifestations, Immunological 
Markers

Introduction
The red seaweed extracting (Carrageenan)  is a sulfated polyglycan (FAO 1990). It is 
mainly used as food additive due to its gelling, thickening and emulsifying properties 
making it a vegeterian alternative to gelatin (Bixler 1996; Shah and Huffman 2003), 
in addition Carrageenan is widely used as excipient in personal lubricants, cosmetics, 
toothpaste and pharmaceutical products (Buck et al., 2006). There are three types of 
carrageenan available (iota, kappa, and lambda which differ in composition and  de-
gree of sulfation in polymeric structure. 
The use of carrageenan was approved by Food and Drug Administration  in the United 
States (FDA, 2006) and by the European Parliament and Council (Commission Direc-
tive, 1995) and by the Joint Food and Agriculture Organization of the United Nations/
World Health Organization Expert Committee, JECFA (Cohen and Ito, 2002). 
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Carrageenan is extracted from these seaweeds by heating it with water containing a 
dilute alkali which increases gel strength of the product. It is then recovered either by 
alcohol precipitation; usually isopropanol or gel pressing (only for kappa-carrageenan) 
(Imenson 2000; McHugh, 2003). It may act as topical microbicide. Especially as an-
tiviral (Gonzalez et al., 1987). Carrageenan containing toothpastes act as coherence 
of liquid portion and improve texture with good rinseability. (FAO Training Manual, 
1990).
Malignant lymphocytes that accumulate in lymph nodes causes a group of diseases 
called Lymphomas causing the characteristics lymphadenopathy. These may pelt over 
into blood (Leukemic phase) or infiltrate organs outside the lymphoid tissue. They 
of tow type (Hodgkin›s lymphoma and non–Hodgkin›s lymphoma).depending in the 
presence of (R.S)cells in Hodgkin›s (Hoffbrand, 2011) Non-Hodgkin’s lymphomas 
(NHL) are a group of lymphocyte proliferative disorders from  B, T, or natural killer 
(NK) lymphocytes origin about 80% to 85% of the cases is of B-cell type and 15% to 
20% of T-cell origin; NK type is rare (Jemal et al., 2010). Hodgkin’s lymphoma (HL) is 
type with RS cells histologically. (Hoffbrand, 2011) with two major types of HL: classic 
HL and nodular lymphocyte predominance (American Cancer Society, 2011) of clonal 
B-cell origin for both lymphocyte predominant and “classic” HL (Küppers and  Clono-
typic, 2009).The patient with malignancy suffer from an oral problem from both the 
disease and the treatment options (Broadfield and Hamilton, 2006). Chemotherapeu-
tic agents have a bad role in damaging not only the malignant cells but also the nor-
mal tissue in the patient’s body, these agents can cause a lot  of oral complications, 
including taste alteration, burning sensation, infection, hemorrhage, dry mouth, and 
neurologic and nutritional problems (Toscano et al., 2009). Salivary immunoglobulin A 
is the major immunoglobulin with specific immune functions in the oral cavity (Thawe-
boon et al., 2008). Interleukin-6 (IL-6) is a cytokine with a broad biological activity, 
especially in immune regulation and blood syntheses, inflammation and oncogenesis 
(Kishimoto, 2010). Tumor necrosis factor-α (TNF-α) is a proinfammatory cytokine. 
Having the cytostatic and cytotoxic role of certain tumor cells, role in differentiation, 
growth, and/or has a partial role in inflammatory signal and immunological event 
(Slattery et al., 2011 and De Paepe et al., 2012).
       
Materials and methods 
The ethics committee of the Ministry of Health, IRAQ had been approved in this study. 
The study samples consisted of (25) Hodgkin &Non-Hodgkin lymphoma patients (12 
male and 13 female). Carrageenan is extracted from these seaweeds by heating it 
with water containing a dilute alkali which increases the gel strength of the product. 
It is then recovered either by alcohol precipitation; usually isopropanol or gel press-
ing (only for kappa-carageenan) (Imenson 200; McHugh, 2003). All of the processes 
follow the same basic steps (Imeson, 2000; McHugh, 2003; Blakemore and Harpell, 
2009). 

Preparation of a Κ-carrageenan gel
The pharmaceutical formula in (percent) was, carrageenan powder (0.9%). sucrose 
(20%)potassium citrate (0.35%), citric acid (0.45%). By disposable tray filled with 
carrageenan gel holding it for 5mimute in patient mouth two times a day for one 
week period and for each time the patient instructed to use carrageenan after finish-
ing breakfast and before bed time.
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All the Hodgkin›s lymphoma patients was diagnosed by Hematologists in the oncology 
unit of (IMAMEIN KADHIMEIN MEDICAL CITY) confirmed as Hodgkin by histological 
examination of an excised lymphnode, Using Adriamycin, bleomycin, vinblastine and 
dacarbazine (ABVD Regimen),  cyclical chemotherapy. 
Non- Hodgkin›s type diagnosed by biopsy or strict biopsy of the lymph node or other 
involved tissue, supported by immunophenotypic and genetic analysis in order to dis-
tinguishes the disease from a reactive node. 
Using R-CHOP Regimen {rituximab in combination with cyclophosphomide, hyrox-
odaunorubicin, vincristine (Oncovin) and prednisolone} chemotherapy combination. 
Whole unstimulated saliva was collected to determine the level of salivary immunolog-
ical markers which measured by Enzyme Link Immunosorbent Assay. Those patients 
were examined to detect the presence of oral manifestations and to evaluate the level 
of salivary markers (secretory immunoglobulin A, Interleukin-6 and   tumor necrosis 
factor-α) of age range (20-50) years. Taking saliva at three times interval:
1- At the time of diagnosis 
2- After one week (without carrageenan) and instruct to use carrageenan
3- Then after one week (with carrageenan).

Results
The oral manifestations were in non-Hodgkin›s lymphoma patients (64%) and in 
Hodgkin›s lymphoma patients (36%) taste alteration, followed by burning mouth syn-
drome, dry mouth  and lastly candidiasis with significant differences after application 
of carrageenan at p>  0.05 that were resulting in tables 1, 2, 3 and 4 and are shown 
in Figure 1,2 and 3 throughout not present of «T. A.» responses after treatment that 
mean there are 6 cases without T.A at the time of diagnosis represented by A, which 
still without T.A represented by B=0 and there were 18 cases with T.A. But only one 
still have represented by B=1. The levels of salivary immunoglobulin A, interluekin-6 
and tumor necrosis factor-α were slightly decreased but not significantly differences 
after carrageenan application 

Table (1): Distribution of the studied Oral Manifestation (T.A.) based on the (Before, 
and after) carrageenan application with Comparison Significant

(*) HS: Highly Sig. at P<0.01; Testing based on the association table by McNemar 
test.
Abbreviations of: A=absent; and p=present, T.A=Taste Alteration.
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Table (2): Distribution of the studied Oral Manifestation (B.M.S.) based on (Before, 
and after)    with Comparison Significant

(*) HS: Highly Sig. at P<0.01; Testing based on the association table by McNemar 
test.
Abbreviations of: A= absent; and P= present, B.M.S = Burning Mouth Sensation.

Table (3): Distribution of the studied Oral Manifestation (D.M.) based on (Before, and 
after) with Comparison Significant

(*) HS: Highly Sig. at P<0.01; Testing based on the association table by McNemar 
test.
Abbreviations of: A= absent; and P= present, D.M. =Dry Mouth.

Table (4): Distribution of the (Candidiasis) Status based on (Before, and after) with 
Comparison Significant

(*) HS: Highly Sig. at P<0.01; Testing based on the association table by McNemar 
test. Abbreviations of: A= absent; and B= present 

Dr. Israa A. Al-Mamory & Dr. Fawaz D. Al-Aswad



Volume 4, Issue 2 2017

162

Figure (3): Stem – leaf plots for immunization parameters, (iga, il-6, and tnf) along 
treated periods (before sample1, before sample 2, and after).
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Discussion
Algas, Algue Rouge Marine, Carrageen, Carrageenan, extracted from red seaweed 
were explored for evaluation their good influence and effect. Kappa/iota and xi/theta 
carrageenan stimulate the formation of swollen hyphal segments in the species of 
Alternaria infectoria, when exposed to carrageenan, (Merlos, M., et al., 1996). The 
observed phenotype was the same which occur in antifungals toward the wall of fun-
gal cell. The effect of the extracts obtained from red seaweed has been investigated 
in this study for the first time while other studies are essential to evaluate the mecha-
nism of action and to characterize the bioactive compounds of this material. The re-
sults of this study showed that the κ-carrageneenan that used in this study, have the 
same properties of the standard κ-carrageneenan   and it can be prepared as a gel 
or solution. Both pharmaceutical preparations exert biological activities in vivo stud-
ies including humans. Therefore, the results are discussed in term of the new findings 
that disclosed by this study. This is the first type of study using carrageenan on lym-
phoma patients.
Carrageenans are consists chiefly of potassium, sodium, calcium, magnesium and 
ammonium sulfate esters of galactose and 3, 6-anhydrogalactose copolymers. These 
hexoses are alternately linked α-1,3and β-1,4in the polymer (USP-NF25; training 
manual 6, 1990). Carrageenan is extracted from red seaweed of the genera Chon-
drus, Eucheuma, Gigartina and Iridaea (Manjamalai, A., et al., 2011). Its form gives 
it a gelling, thickening and emulsifying properties, enabling it to be widely used in the 
food industry In addition to that; its biologically active compounds have made it more 
appealing to be used in the industries above.
 There is no doubt that κ-carrageneenan is prepared in term of gel and in such phar-
maceutical preparation is commonly applied in pharmaceutical and food industries. In 
this study an attempt is tried to prepare a gel, rather than a solution. So the differ-
ences of this study from others study in the
•Absorbance wavelength is related to the method of preparation.
•The experimental tools that used for identification of κ-carrageenan. 
•The high value of viscosity of κ-carrageenan that reported in this study. 
•The high concentration that used for preparation of gel rather than solution 
(Relleve et al., 2005). 
•On the other hand, the conductivity of the κ-carrageenan gel, which is equal to 2430 
mS/cm, indicated the presence of impurities or salts and this explained the appear-
ance of precipitate on the long-standing of the gel.
1. Oral manifestations 
In April 2014 Natal showed that the Anticancer chemotherapy actually involves the 
use of drugs that avert proliferation of the tumor cells and/or cause their destruction, 
the problem in this type of therapy is acting blindly of all anticancer agents, unfor-
tunately they act on normal cells which is on proliferation cell cycle, such as bone 
marrow cells, hair follicle cells and the epithelial cells of the gastrointestinal tract. 
side effects of these therapy begin with damage to the primary oral tissue due to its 
indiscriminate effect on the cycle of cell replication in the basal cells layer prolifera-
tion, performed intraoral examinations to diagnose oral lesions so, the most frequent 
lesions were mucositis, candidiasis, periodontitis and gingivitis, saliva and changes 
in sense, taste and functional changes, infection of oral and dental and risk of dental 
disease and necrosis of the jaw (Joel et al., 2012). Infection varied according to oral 
hygiene of the patient (Andre M Kallab., 2013). while the mediate effects in turn are 
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due to function of non-oral part that have an accompanying effect on the oral cavity, 
like the suppression of bone marrow, the immune cells loss, and the salivary protec-
tive elements loss (Begonya et al., 2011)   Severe oral complication can adjust given 
the patient of exact therapy protocols, like reduction of the dose or modifications of 
treatment schedule to permit for oral lesions resolution. But in cases of severe oral 
life threatening, the patient couldn’t be able to have cancer therapy anymore; so it is 
usually stopped. These rupture in therapy due to oral complications can affect patient 
life by threating it (National Cancer Institute, 2014).
In the present study, all of the oral manifestations below had been mentioned in cas-
es after taking treatment that’s mean those manifestations may be secondary to the 
chemotherapy and not to the pathology of the disease itself. 

1.1 Taste alteration
The most prevalent oral manifestation in lymphoma patients and was significantly 
higher in both NHL patients and HL patients with chemotherapy.

2.1 Burning mouth syndrome
Second most prevalent oral manifestation with significant increase (P<0.05) in both 
NHL group and HL group. 

3.1 Dry mouth
The this study also there is high significant rate statistically, in both NHL & HL patients 

4.1 Oral Thrush during Chemotherapy (candidiasis)
Oral thrush can occur in people undergoing chemotherapy which reported by Alkula, 
2011, Arendrup, et al., 2014. Particularly in patient who take steroids. Candida albi-
cans is the causal fungus of Thrush  
Result shows that equal distribution between male and female also on H&NH Lympho-
ma with different stages of the disease, with increase severity of thrush with age. A 
highly significant different at P<0.01 are accounted after application of carrageenan, 
and that were resulted throughout not present of «Candidiasis» responses after treat-
ment.

2. Salivary immunological markers
2.1 Salivary IgA
Salivary IgA is the eminent immunoglobulin and is considered to be the essential 
defense mechanism in oral cavity (Sookto, et al. 2013). By preventing adherence of 
any microbs, on enzymes neutralizion, toxins and viruses; or synergistically action 
with other factors like lysozyme and lactoferrin (Jafarzadeh et al., 2010). Dimeric IgA 
in salivary IgA is produced by local plasma cells in the stroma of salivary glands (Per 
Brandtzaeg, 2013).
Timucin et al., 2009 reported that total serum IgA concentration was found to be 
within normal ranges in all NHL & HL patients while this study found slight increase in 
IgA during treatment and decrease slightly after carrageenan application.
This difference may be explained by first: change in oral microflora and this may lead 
to local increase of salivary IgA secretion, this was documented by Ye et al., 2013 as 
they said the patients with cancer had a less diverse and different community of bac-
teria in their oral cavity when compared to control group, second: there is no rela-
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tion to be noticed between serum and Salivary immunoglobulins. This may reported 
that extravascular transfer of immunoglobulin A depends on the mucosal status of the 
subject and not depending on the serum level Also carrageenan never absorbed by 
oral mucosa to act systemically as Borthakur, A., in 2007 found that carrageenan in-
duce interlukin-8 only if injected intrapluerally. Golds by et al., 2000 stated the lower 
level of salivary IgA may be a result of impairing the normal function of the human 
immune system by chemotherapy which can cause major alterations in the oral de-
fense mechanisms that are likely to play a role in the decrease of salivary contents of 
immunoglobulins.

2.2 Salivary IL-6       
It is a pleiotropic cytokine with a lot of biological activities in inflammation, immune 
regulation, hematopoiesis, and oncogenesis. (Kishimoto, 2010). A cytokine produced 
by a variety of cells, including tumor cells, macrophages, and lymphocytes (Adriana 
et al., 2014). From this study which show a slight decrease in IL-6 after carrageenan 
application. 

2.3 Salivary TNF-α
Tumor necrosis factor-α is cytokine with pleiotropic biological capacities including  
toxic effects on certain tumor cells, growth influences and regulate inflammatory and 
immunological events (Slattery et al., 2011 and De Paepe et al., 2012 ). The present 
study showed a slight elevation of salivary TNF-α level in patients receiving carra-
geenan.          
      
Conclusion
1. The carrageenan effects on oral lesion may allow the use of κ –carrageenan as a 
base or primary compound in dental practice.
2.The most frequent oral manifestations in Lymphoma patients were taste alteration 
followed by  burning mouth syndrome  and dry mouth and increase  during treatment 
with chemotherapy 
3. The salivary immunological markers level slightly decreased in lymphoma patients 
after receiving carrageenan. 
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Abstract
Background Complete removal of debris during the process of root canal therapy is 
of paramount importance in order to achieve the objectives of endodontic treatment. 
Objectives This in vitro study was conducted to compare the efficiency of four differ-
ent rotary instrumentation systems in removing dentin debris at three levels of root 
canals. Materials and methods Sixty freshly extracted human mandibular premolars 
with single straight root canals were selected and randomly divided into four groups 
of fifteen teeth each; Group I: prepared by rotary ProTaper system (Full rotary tech-
nique), Group II: prepared by single file Reciproc system (Reciprocating technique), 
Group III: was prepared by single file WaveOne system (Reciprocating technique), 
and Group IV: was prepared by single file OneShape system (Full rotary technique). 
These groups were prepared to an apical preparation corresponding to size 25 K-file.  
Sodium hypochlorite (3%) was used as an irrigant in all cases. After canals prepara-
tion, the roots were split longitudinally and photographed with a professional digital 
camera. The images of root sections were then magnified to 100x and the percent-
age of remaining dentin debris was calculated for the apical (0-3 mm), middle (3-6 
mm) and coronal (6-9 mm) levels through dividing the pixels occupied by debris at 
each level by the total pixels representing the entire area of the canal using Adobe 
Photoshop CS6. Data were analyzed statistically using ANOVA and LSD tests. Results 
Reciproc, WaveOne and OneShape systems showed significantly better cleaning ef-
ficiency than Protaper system in the apical and coronal levels (p < 0.05). While in the 
middle level, no significant differences were obtained among all systems (p ≤ 0.05). 
Conclusion Under the conditions of this study, the use of OneShape, WaveOne and 
Reciproc systems was significantly more effective than ProTaper system in eliminating 
debris from root canals at all levels.
 
Keywords Debris, OneShape, Reciprocal motion, ProTaper, Digital 
Image Morphometric Analysis.

Introduction
Cleaning and shaping are an important part of a root canal treatment procedure to re-
move debris and microorganisms that are responsible for endodontic pathosis (Yama-
mura et al., 2012).
In past decades, significant improvements and immense efforts have been made to 
give dental practitioners the best available device for effectively cleaning and shap-
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ing root canals (Metzger et al., 2010; Li et al., 2014). Permanently improved file de-
signs and greater taper instruments incorporated with NiTi flexibility have increased 
the efficiency, the clinical acceptance and safety of root canal preparation procedures 
(Schäfer and Bürklein, 2012; Shetty et al., 2014). While over 20 years of success-
ful development of NiTi instruments have carried on (Christian, 2013; Sharma et al., 
2016), the quest for simplifying the clinical root canal instrumentation sequence has 
been ongoing for almost the same time. The result of these improvements and de-
velopments are more than 70 different engine-driven NiTi root canal instrumentation 
systems from many manufacturers all around the world, which are currently available 
to practitioners. In past years, several attempts have been made to facilitate mechan-
ical root canal preparation in order to provide a safe, quick and efficient engine-driven 
NiTi instrument (Christian, 2013). A new idea was lately realized for nickel-titanium 
(NiTi) rotary instruments: it consists of using just one instrument with different work-
ing motions with the aim to prepare root canals (Capar et al., 2014; Yared, 2008). 
Diverse single-file systems have been promoted with the ability to prepare root canals 
with just one instrument (D’Amario, et al., 2017). A single file technique is developed 
for shaping the vast majority of canals, regardless of their length, diameter or cur-
vature. Therefore, single use of endodontic instruments was recommended to reduce 
instrument fatigue and possible cross-contamination (Sharma et al., 2016).
ProTaper instruments (Dentsply Maillefer, Ballaigues, Switzerland) have a convex 
triangular cross-sectional design; changing helical angle and pitch over their cutting 
blades and a non-cutting, modified guiding tip (Yin et al., 2010; Uzun et al., 2013). 
Root canal instruments with this cross sectional design are claimed to cut dentin more 
effectively (Ruddle, 2002).
The recently introduced NiTi files Reciproc (VDW, Munich, Germany) and WaveOne 
(Dentsply Maillefer, Ballaigues, Switzerland) are claimed to be able to completely pre-
pare and clean root canals with only one instrument. These files are made of a special 
NiTi alloy called M-Wire that is created by an innovative thermal-treatment process. 
The benefits of this M-Wire NiTi are increased flexibility of the instruments and im-
proved resistance to cyclic fatigue (Shen et al., 2006; Shen et al., 2013). The Recip-
roc and WaveOne files are used in a reciprocal motion that requires special automated 
devices (Yoo and Cho, 2012).
Another concept of single-file instrumentation is that a single instrument is to be used 
in a full clockwise rotation, OneShape (Micro Mége, Besançon, France). This system 
consists of only one file, which has a tip size of 25 and a constant taper of 0.06, and 
is characterized by different cross-sectional designs over the entire length of the 
working parts. The OneShape file is made of a conventional austenite 55- NiTi alloy 
(Bürklein et al., 2012a; Bürklein et al., 2013).
This study was aimed to compare the cleaning efficiency of OneShape, WaveOne, Re-
ciproc and ProTaper NiTi rotary systems in removing debris at three different levels of 
root canal using Digital image morphometric analysis.

Materials and methods
A total of sixty sound human mandibular premolars with a single straight root canal, 
freshly extracted for orthodontic purpose were selected (patient’s age ranged from 
20-30). The root canal of each tooth was assessed radiographically by taking two ra-
diographs from bucco-lingual and mesio-distal views (Alkahtani et al., 2014). All teeth 
were partially decoronated to create a flat surface by cutting off part of the crown 
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perpendicular to the long axis of the tooth to establish a uniform length of 18 mm 
from the anatomic apex, in order to eliminate coronal interference, to prevent the in-
troduction of any variables that might contribute to variations in the preparation pro-
cedures, and to establish a stable reference position to facilitate length measurement 
of the canal and instrumentation. Access cavities, then were performed according to 
Black’s principles (Ghoneim et al., 2014).  Working length was calculated by subtract-
ing 1 mm from the length at which # 10 K-file will be just visible with 20x magnifica-
tion in the apical foramen (Ghoneim et al., 2014). 
The specimens were randomly divided into four groups, fifteen teeth each, accord-
ing to the type of instrumentation systems used. The root canal preparation was 
performed according to the manufacturer’s instructions, and all canals prepared to 
master apical file corresponding to size 25 K-file. During root canal instrumentation, 
irrigation was performed using a 5ml disposable plastic syringe with 28-gauge Max-
I-Probe side-vented endodontic irrigation needle placed passively into the canal, to 
2 mm from the working length without binding after each instrumentation to allow 
easy back flow of the irrigating solution. After each instrument, the root canal was 
flushed with 2 ml of a 3 % NaOCl solution and at the end of instrumentation with 5 
ml of NaOCl using a plastic syringe with 28-gauge Max-I-Probe side-vented endodon-
tic irrigation needle placed passively into the canal, to 2 mm from the working length 
without binding after each instrumentation to allow easy back flow of the irrigating 
solution (Shetty et al., 2014; Li et al., 2014). The canal kept patent during root canal 
preparation by gently inserting # 10 K-file.

Root Canal Instrumentation
Group I: ProTaper Rotary System (Dentsply Maillefer, Ballaigues, Switzerland): Canal 
preparation was performed by the ProTaper rotary instruments according to the man-
ufacturer’s instructions using a modified crown-down approach with a gentle in-and-
out motion.
The instrumentation sequence was as followings:
1. S1 file (Shaping file no.1) was used with 2/3 of working length (12 mm).
2. SX file (Auxiliary Shaping file) was used with 2/3 of working length (12 mm).
3. S1 file (Shaping file no.1) was used to the full working length (17 mm).
4. S2 file (Shaping file no.2) was used to the full working length (17 mm). 
5. F1 file (Finishing file no. 1) was used to the full working length (17 mm).
6. F2 file (Finishing file no. 2) was used to the full working length (17 mm).

ProTaper shaping files were used in a brushing action on the withdrawal stroke, while 
the finishing files used in pecking motions (non-brushing motions) until reaching the 
full working length. Once the instrument had negotiated to the end of the canal and 
had rotated freely, it was removed (Bürklein et al., 2012b). Files were used with a 
torque-controlled electric motor (Endo-Mate Motor) with a 16:1 reduction contra-an-
gle handpiece at constant rotation speed of (300 rpm) and torque of (1.4 Ncm) (Kad-
hom and Al-Hashimi, 2013; Li et al., 20 14). Each instrument was used to enlarge 
only three canals.
Group II: Reciproc Rotary System (VDW, Munich, Germany): R25 Reciproc file having 
a size 25 at the tip and a taper of 0.08 over the first 3 mm was used in a reciprocat-
ing, slow in-and-out pecking motion according to the manufacturer’s instructions. Re-
ciproc file was used in a reciprocating working motion generated by the motor (VDW.
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SILVER Reciproc endo motor) with the manufacturer configuration setup (Bürklein et 
al., 2013; Yared, 2013). The flutes of the instrument were cleaned after three in and-
out-movements (pecks). Each file had been used to enlarge only one canal (Vallab-
haneni et al., 2012).
Group III: WaveOne Rotary System (Dentsply Maillefer, Ballaigues, Switzerland): A 
primary reciprocating WaveOne file having a size 25 and a taper of 0.08  was used in 
a reciprocating, slow in-and-out pecking motion according to the manufacturer’s in-
structions using (WaveOne™ endo motor) with the manufacturer configuration setup. 
Canal preparation was done by using a gentle, in-and-out pecking motion with short 
2- to 3-mm amplitude strokes, to passively advance the WaveOne down the canal. 
Continued with this motion until the instrument easily and passively progresses api-
cally. After three pecks the instrument was withdrawn from the canal, removed the 
debris from the flutes on the file (Bürklein et al., 2013). Each file had been used to 
enlarge only one canal (Vallabhaneni et al., 2012).
Group IV: OneShape Rotary System (Micro Mége, Besançon, France): OneShape 
system composed of only one file having a size 25 at the tip and a 6% taper, used 
in a gentle in-and-out motion using torque-controlled electric motor (Endo-Mate Mo-
tor) at a constant rotation speed of (400 rpm) and torque of (4 Ncm) according to 
the manufacturer’s instructions. OneShape file was inserted down to the 2/3 (12 mm) 
of the working length using an in and out movement (picking motion) without any 
pressure with performing an upward circumferential filing movement in order to pre-
enlarge the canal. Then the file withdrawn from the root canal and cleaned, irrigation 
to the canal was made with 2 ml of NaOCl. OneShape instrument placed again in the 
root canal and taken to 3 mm from working length (14 mm) using the same picking 
motion and without any pressure. The file then withdrawn again from the canal and 
cleaned from debris and irrigated the canal. Then file reintroduced into the root canal 
and taken to the full working length (17 mm) using the same recommended picking 
motion without any pressure (Bürklein et al., 2013; Christian, 2013).  Each file had 
been used to enlarge only one canal. 
Finally the canal was dried with absorbent paper points and the access opening was 
sealed with moist cotton pellet and a temporary filling (Cavimed, M.ME Dent store, 
India) to block the entry of debris during sectioning and prevent contamination of the 
root canal space. 

Sample preparation
A permanent blue marker was used to draw guiding lines horizontally at the cemen-
to-enamel junction and longitudinally parallel to the long axis along the buccal and 
lingual surfaces of the roots. A diamond disc with straight handpiece then was used 
for preparation of the horizontal and longitudinal grooves under water cooling at the 
marks previously determined, preserving the inner shelf of dentine surrounding the 
canal. Grooves were cleaned from any remaining dust with a short blast of air. The 
crowns and roots were split by placing a surgical chisel in the grooves and with slight 
pressure striking the chisel with a small mallet. In case of disk penetration to the ca-
nal or the splitting didn’t include all the root level, the sample discarded and replaced 
by another one. The crown was discarded and the longitudinal section root with most 
visible part was selected for study (Shetty et at., 2014; Ghoneim et al., 2014).
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Digital image morphometric analysis
The chosen sections of the split roots were photographed by using a Nikon D40 pro-
fessional digital camera at a 1:1 setting. The professional digital camera was fixed 
on a stand arm at a standardized position, so that the distance between the lens of 
the camera and the root section remained constant during images capturing of all 
specimens. The camera position selected according to the optimum focusing with-
out blurring vision. Sectioned root was placed over a millimeter gridding paper for 
measurement. The images were transferred to a computer and saved as TIFF im-
ages with maximum resolution of 2000-3000 pixels. Images then were imported into 
Adobe Photoshop CS6 and magnified 100 times with the digital zoom tool. The root 
canal area was divided into three equal thirds (Apical, Middle and Coronal) by super-
imposed lines over canals at 0, 3, 6 and 9 mm from the measured working length (1 
mm shorter from the apical foramen). The remaining debris in each canal was traced 
by using specific software tools (magnetic lasso tool) and the total number of pixels 
occupied by the debris was reported by using the histogram function in the software 
program. The outline of the sectioned canal to 9 mm was then traced and the same 
feature of the software report the total pixels occupying by the canal (Figure 1 & 2). 
Percentage of debris was calculated by dividing the pixels of debris at each third by 
the total pixels representing the entire area of the splitting canal. Percentage of re-
maining debris was calculated for the 0-3 mm (apical), 3-6 mm (middle) and 6-9 
mm (coronal) areas for each canal (Kadhom  and Al-Hashimi, 2013; Alkahtani et al., 
2014).

Figure 1: Magnified middle third (400x –for photography) of one root section 
instrumented with ProTaper system by using Adobe Photoshop CS6. Arrows referred 

to some of dentin debris.
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Figure 2: Digital image analysis of one root section instrumented with ProTaper 
system by using Adobe Photoshop CS6. Red arrows referred to some of dentin debris.

Statistical Analysis
The data were collected and analyzed using SPSS (version 18) for statistical analysis. 
One-way Analysis of Variance (ANOVA) test and Least Significant Difference (LSD) 
test were used to determine whether there is any statistically significant difference 
among the groups and within group at different levels with a significance level of 
0.05.

Results
The mean values and standard deviation for the percentage of dentin debris remain-
ing in three levels 0-3, 3-6 and 6-9 mm of root canals for four instrumentation sys-
tems are shown in (Table 1 and Figure 3); [the units (pixels) were omitted by division 
because we’re dealing with percentage].
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Table 1: Descriptive statistical analysis of the percentage of dentin debris remaining 
at three levels (0-3, 3-6 and 6-9 mm) for four instrumentation systems.

 

 Figure 3: Bar Chart showing means percentage of dentin debris remaining

 
ANOVA test showed a high significant difference among groups at (0-3 mm) level and 
a significant difference at (6-9 mm), while at (3-6 mm) ANOVA test showed no sig-
nificant difference among the four groups (Table 2). By performing the LSD test at the 
apical (0-3 mm) level highly significant (p < 0.01) differences were found between 
ProTaper system and all other three groups with a better cleaning efficiency of other 
systems than ProTaper system, and no significant differences (p > 0.05) were found 
between Reciproc system, WaveOne system and OneShape system. At the coronal 
(6-9 mm) level highly significant difference (p < 0.01) with less cleaning efficiency 
was found between ProTaper system and Reciproc system, significant differences (p 
= 0.05) with less cleaning efficiency were found between ProTaper system and both 
WaveOne system and OneShape system; while these no significant differences (p > 
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0.05) were found among the other types of instrumentation systems (Recipoc system, 
WaveOne system and OneShape system) (Table 3).

Table (2): ANOVA test for the percentage of dentine debris remaining among the in-
strumentation systems at each level.

Table (3): LSD test for the percentage of remaining debris between the instrumenta-
tion systems at three levels.
NS p> 0.05, S p ≤ 0.05, HS p< 0.01

Dr.Luma A. Al-Dulaimi & Dr.Hikmet A. Al-Gharrawi 



Volume 4, Issue 2 2017

177

Discussion
Proper cleansing of the canal space is considered an essential stage for the suc-
cess in endodontics treatment (Castelo-Bas et al., 2012). Therefore, the main aim 
of endodontic treatment is the root canal shaping and an effective cleaning in order 
to remove bacteria from the canal system and prevent apical periodontitis (Wu et 
al., 2006). In addition, adequate choice of instruments and preparation techniques 
dramatically reduce the number of bacteria in the canal system prior to obturation 
(Siqueira, 2001).  
The main objective of this study was to compare the cleaning efficiency of new single-
file systems: OneShape, WaveOne and Reciproc NiTi rotary systems with the estab-
lished NiTi ProTaper Rotary system in removing dentin debris at three different levels 
of root canal using Digital image morphometric analysis.  
Anatomic complexities might represent physical constraints that pose a serious 
challenge to adequate root canal instrumentation and disinfection. An example in-
cludes the cross sectional root canal configuration, which has been classified as oval 
(Siqueira et al., 2010; Kadhom and Al-Hashimi, 2013). Despite the variations in the 
morphology of natural teeth, several attempts have been made in the present study 
to ensure comparability of the four experimental groups. Therefore, the teeth in all 
groups were balanced with respect to the apical diameter and the distance between 
the apex and cemento-enamel junction CEJ of the root canal.
Although many studies have assessed the quality of mechanical preparation using 
simulated canals in resin blocks (Yang et al., 2006; Aminsobhani et al., 2014), these 
models may not sufficiently simulate the natural environment of the root canal sys-
tem, particularly the hardness of the dentin walls that the files act upon (Aminsobhani 
et al., 2014).  Accordingly, the present study was carried out on extracted human 
teeth to simulate the clinical environment (Matos et al., 2012). Mandibular premolar 
teeth with a single straight canal were used to achieve standardization among speci-
mens (Kustarci et al., 2012).
Radiographic evaluation is another method that is not destructive, but only allows two 
dimensional evaluations (Backman et al., 1992). In the present study, digital image 
morphometric analysis was used over other methods like Scan Electron Microscope 
(SEM) (Sabins et al., 2003; Alani and Al-Hashimi, 2011). In the SEM, serial sectioning 
can result in loss of tooth structure (Aminsobhani et al., 2014). In addition, a certain 
observer bias may occur under the SEM when working with higher magnifications, 
as only a small area of the root canal wall can be observed. Therefore, an evaluation 
procedure specifying the results for different parts of the root canal seems preferable 
(Hülsmann et al., 2005). In order to minimize the variables through the study, canal 
instrumentation in all cases was carried out by the one trained operator (Bürklein et 
al., 2012b).

The efficiency of the four instrumentation systems at apical 0-3 mm
According to the results of this study, ProTaper system resulted in significantly more 
residual debris at the (apical 0-3mm) compared to instrumentation with the three 
other systems. This result was in agreement with (Bürklein et al., 2012a) who showed 
that ProTaper system produced the highest mean of remaining debris compared to 
Reciproc and WaveOne.
The possible reasons for this difference in debris removal capacity between ProTaper 
system and Reciproc system can be attributed to their cross sectional design; ProTa-
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per files have a triangular and the F2 a modified triangular convex cross section char-
acterized by three cutting and a relatively small chip space (Kuttler and West, 2012; 
Bürklein et al., 2012a). While the cross section of Reciproc file is S-shaped with sharp 
cutting edges and larger chip space. In general, it can be speculated that the smaller 
the chip space of an instrument, the less its debris removal capacity. In fact, previ-
ous studies have shown that radial lands tend to burnish the cut dentine onto the root 
canal wall and that NiTi instruments with active cutting edge blades are superior to 
the instruments with radial lands with respect to debris removal capacity (Hülsmann 
et al., 2005). According to Camps and Pertot, (1995), a smaller cross section creates 
more space between the instrument and the canal walls. Because of their small core 
diameter, Reciproc instruments are characterized by an extra space between the ca-
nal walls and the instrument, which allows more debris collection and facilitates easier 
removal capability. Larger cross-sections may not provide enough space for debris to 
be displaced and the debris impedes the instrument for cutting more dentin (Rubini et 
al., 2014). The removal of cut dentin chips is important to reduce clogging of the cut-
ting blades and eventually the canal itself (Bergmans et al., 2001). These special flute 
and cross sectional design features (sharp cutting edges and a great chip space) may 
explain the relatively good debris removal capacity of Reciproc files (Bürklein et al., 
2012a).
A difference in the cleaning ability between ProTaper system and WaveOne has been 
shown in this study despite the nearly identical design as WaveOne file may have sim-
ilar properties at the tip region to that of ProTaper file. This difference in the cleaning 
ability may be due to the differences in rotational movement; WaveOne act in a re-
ciprocating motion, while ProTaper files work in full rotation movement. Moreover, the 
primary WaveOne file has fixed tapers of 0.08 from D1 to D3, while it has a unique 
progressively decreasing percentage tapered design from D4 to D16, this tapering 
could lead to the removal of more debris in the coronal direction. Also, this design 
serves to improve flexibility and conserve dentin in the coronal two thirds of the fin-
ished preparation Ruddle, (2012); Kumar et al, (2013) beside the unique design char-
acteristics; as WaveOne has a reverse helix. In contrast, ProTaper file has progressive 
increase tapering up to 0.19. This result agrees with Kamel and Kataia, (2014), their 
results showed that the WaveOne system gave superior results with less debris score 
compared with the ProTaper system, but disagreed with Robinson et al., (2013) who 
showed that rotary WaveOne  instrumentation resulted in greater debris than instru-
mentation with ProTaper system and the reason for this disagreement  might be due 
the differences in samples and evaluation technique; the authors use a mandibular 
molars with complete isthmuses and teeth were scanned and analyzed using micro-
Computed Tomography.
OneShape had shown less residual debris than ProTaper even that both systems work 
in full rotational movements. There are few studies found in the literature compared 
the cleaning efficiency of ProTaper and OneShape. However, the reason for the rela-
tively low tendency of OneShape to remain debris might be due to an increased chip 
space, allowing more debris to transport in a coronal direction, it has a variable helix 
angle that provides excellent upward debris removal and limits the screwing effect. It 
should also be taken into account that the taper of the instruments used was differ-
ent; the greater taper of ProTaper at the apical 3 mm compared with OneShape might 
be another reason for the increased amounts of residual debris, especially in the api-
cal portion of the canals.
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Moreover, the high significant differences between ProTaper system and the other 
three systems (Reciproc, WaveOne and OneShape) in remaining dentin debris can 
also be attributed to the traditional full sequence technique in ProTaper system versus 
a single-file technique with other systems. For a single-file technique, canal prepara-
tion was generally completed in three times› repeated insertions or so. In contrast, in 
order to finish the entire preparation in ProTaper group, five ProTaper files were indi-
vidually used several times in each canal. As a result, ProTaper files rubbed on canal 
walls more often than the files of other three systems did. With the times of file inser-
tion increasing, more debris will be produced and compacted more tightly along den-
tin walls and then difficult to be flushed out of the canal. Hence the single-file tech-
nique could be the main reason for cleaner canal walls. Although the instrumentation 
with OneShape resulted in less amount of remaining debris comparing with the other 
three systems at the apical levels and this result agreed with other studies (Bürklein 
et al., 2012b; Robinson et al., 2013; Dagna et al., 2016), this result was statistically 
not significant. This might be explained as Reciproc file and WaveOne file have the 
same tip size (# 25), the same taper (0.08) and both of them work with reciprocating 
movement, while OneShape file has a taper of (0.06). The results can be attributed 
to the unique design features of OneShape file that allow a better upward removal of 
dentin debris. Moreover, all three systems, are a single file technique that could result 
in a less residual debris. 

The efficiency of the four instrumentation systems at middle 3-6 mm.
There are no significant differences were found among the four systems in the mid-
dle 3-6 mm. These results disagreed with (Bürklein et al., 2012a), who found that 
there was a significant difference between ProTaper system and both WaveOne and 
Reciproc system at all levels. The variation between the results from different stud-
ies could be related to varying experimental setups and investigated elements. The 
authors used severely curved extracted human teeth, different sizes of instrument for 
root canal preparation (# 30 for ProTaper and # 25 Reciproc and WaveOne) and SEM 
for evaluatiing the amount of remaining debris; whereas in the present study straight 
root canal have been used, sizes of instruments were the same (#25) and the amount 
of remaining debris was measured by digital image morphometric analysis method. 

The efficiency of the four instrumentation systems at coronal 6-9 mm.
The less amount of residual debris found in WaveOne system comparing to ProTaper 
system might be due to the difference in cross section of WaveOne file from ProTa-
per files; WaveOne file has a two distinct cross section along the length of its active 
portion (Kuttler and West, 2012; Ruddle, 2012), the design of two WaveOne cross 
section is further enhanced by a changing pitch and helical angle along their active 
portion. This design allows the upward movement of dentin debris. Tapering of files 
also affected the cutting effectiveness; taper in ProTaper files increased up to (0.19) 
whereas WaveOne file has just (0.08), and that caused more dentinal debris. In ad-
dition to the effect of reciprocating motion in WaveOne file and single-file technique 
which had been discussed before, whereas ProTaper used with multi-files technique, 
so that a greater amount of instrumented area is created, with smaller chip space and 
increasing in taper, might resulted in more residual debris at coronal 6-9mm.
Reciproc and OneShape file has the same cross section at the coronal portion; the 
cross section of OneShape file progressively changes from an asymmetrical three-cut-
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ting-edge design to two cutting edges, so at the coronal part, it’s resembling the cross 
section design (S-shaped) of Reciproc file (Bürklein et al., 2013; Christian, 2013; 
Dagna et al., 2014); and that differs from the cross section of ProTaper files which 
have a modified triangular cross section with three cutting edges. Besides the differ-
ences in tapering which increased up to (0.19) in ProTaper files, whereas in Reciproc 
and OneShape file it’s (0.08) and (0.06) respectively. In addition to the effect of re-
ciprocating motion in Reciproc file and single-file technique for both, as mentioned 
before. No significant difference were found among Reciproc, WaveOne and OneShape 
systems; this might be attributed to the similarity in cross section between Reciproc 
and OneShape system at the coronal portion (Bürklein et al., 2013; Christian, 2013; 
Dagna et al., 2014) and to the similarity in a reciprocating movement between Recip-
roc and WaveOne system. In addition to the similarity among all of them in the tech-
nique they work with (single-file technique).

Conclusions
Within the limits of this in vitro study, the following conclusions can be drawn; One-
Shape, WaveOne and Reciproc systems were more effective than ProTaper system in 
eliminating debris from root canals at all levels. No differences in the cleaning effi-
ciency between OneShape, WaveOne and Reciproc systems at all levels of root canals. 
None of the experimental instrumentation systems were able to achieve completely 
clean canal walls from debris. The apical level showed a greater amount of remaining 
debris than middle and coronal levels of root canals, regardless of the instrumentation 
system used.
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Abstract
Background Rotary nickel-titanium (NiTi) instruments now become very 
popular since most of them seem to be safe when used according to the 
manufacturers’ guidelines, they had ability to enlarge root canals rapidly as well as 
suitable for negotiating and preparing severely curved root canals. The unexpected 
fracture of NiTi rotary instruments inside the root canal during root canal treatment 
is a matter of serious concern. Objectives this study was conducted to evaluate and 
compare the effect of canal curvature on fracture resistance and a cyclic fatigue of 
three different systems of Niti rotary instruments.Materials and Methods Three 
single file systems used in the present study include Hyflex EDM (variable taper, tip 
size #25) (coltene/Whaledent), Wave One Gold (0.07 taper, tip size #25 ) (Dentsply 
Maillefer, Switzerland) and the XP-endo Shaper (0.01 taper, tip size #30) (FKG 
Dentaire, Switzerland). A non-tooth model was designated for this study to 
standardize the test and to exclude confounding caused by other mechanisms of file 
separation away from cyclic fatigue. The time of fracture measured and the mean of 
cycles to fracture (MCF) was detected. Results the results showed high significant 
effect of curvature on cyclic fracture of all rotary instruments. Conclusion the 
manufacturing process, Instrument design, cross section and surface treatment 
represent a critical factor in the longevity of NiTi rotary systems. Moreover, the rotary 
instruments were more liable to fracture when used in canal with increased angle of 
curvature.

Key words: a non-tooth model, angle of curvature, artificial canal, 
cyclic fatigue, mean of cycles to fracture, surface treatment

Introduction
The introduction of nickel–titanium (NiTi) instruments to clinical endodontic practice 
enhanced the mechanical preparation of the root canal space. NiTi is considered as 
appropriate for negotiating curved canals and minimize the risk of transportation, zip-
ping, stripping or ledging the canal. The use of these instruments in continuous rotary 
motion offers the possibility and reliability to provide a predictable root canal prepara-
tion; unfortunately they seem to be at risk to fracture in clinical situations. The pres-
entation of nickel–titanium (NiTi) instruments to clinical endodontic practice offered 
improves the mechanical preparation of the root canal space (De Melo et al., 2013).
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Manufacturers have brought various novel NiTi rotary files to use with intention to 
offer more effective and really safer file systems. Each new generation of files varies 
from the preceding generation with advanced innovative file design and modification 
in the metallurgy of the NiTi files. The novelties rely on alterations in the cross-section 
design, taper and metallurgy of the files (Tra, 2017).
The effort of the industry has been focused to improve the efficiency and safety of 
new files systems. Active and Passive cutting, radial lands, fixed and variable ta-
per, cross-section and offset center of rotation are examples of different advanced 
concepts in the file design. The introduction of thermomechanical treated NiTi alloy 
marked a vital step in the history of NiTi file system. Heat treatment of NiTi enriched 
the physical properties by altering the crystalline form of NiTi alloy. One can speculate 
that the prevalence of fracture would be minimum if heat-treated NiTi files were used. 
It gives rise to files with superior fracture resistance, fewer clinical mishaps and im-
proved canal shaping properties (Shen et al., 2013).
Many studies discussed factors influencing the occurrence of file fracture. They con-
cluded that it was a multifactorial challenge. However, it concluded that the most im-
portant cause was the operator himself. Many variables and reasons might participate 
in file separation, but the two main causes are cyclic fatigue and torsional overload. 
Cyclic fatigue results in fracture occurs because of metal fatigue when the instrument 
is held in a static position and does not bind in the canal wall, but rotate freely in a 
curvature and continues in rotation (Pedulla et al., 2015).

Materials and Methods
Three new brands of rotary instruments were used: Hyflex® EDM (variable taper, tip 
size #25) (coltene/Whaledent AG), Wave One® Gold (0.07 taper, tip size #25) (Dent-
sply Maillefer, Switzerland), XP-endo® Shaper (0.01 taper, tip size #30) (FKG, Swit-
zerland) and Thirty instruments of each type were tested within three artificial canals, 
distributed in nine groups with ten instrument for each group.
Group A: Thirty Hyflex® EDM niti rotary files.
(A1) Ten niti rotary instruments rotated at 500 Rpm within 40 angle of curvature.
(A2) Ten niti rotary instruments rotated at 500 Rpm within 60 angle of curvature.
(A3) Ten niti rotary instruments rotated at 500 Rpm within 90 angle of curvature.
Group B: Thirty Wave One® Gold niti rotary files.
(B1) Ten niti rotary instruments reciprocating at 350 rpm within 40 angle of curvature.
(B2) Ten niti rotary instruments reciprocating at 350 rpm within 60 angle of curvature.
(B3) Ten niti rotary instruments reciprocating at 350 rpm within 90 angle of curvature.
Group C: Thirty XP-endo® Shaper niti rotary files.
(C1) Ten niti rotary instruments rotated at 800 Rpm within 40 angle of curvature.
(C2) Ten niti rotary instruments rotated at 800 Rpm within 60 angle of curvature.
(C3) Ten niti rotary instruments rotated at 800 Rpm within 90 angle of curvature.
In this study cyclic fatigue testing was done in three custom made artificial stainless-
steel tapered canals of constant (5 mm) radius of curvature with different angle of 
curvature, constructed to the dimensions of the instruments tested. Test was per-
formed at recommended speed for each rotary system (Rpm), with maximum torque 
control setting. The point of extreme curvature selected was (5-7) mm from the tip of 
the instrument that was placed at full working length (19 mm). Clinically, this may be 
categorized as a curvature in the middle-third of the root canal (Plotino et al., 2010).
All instruments are new and the working part is 25 mm in length. Cyclic fatigue test-

Dr.Mustafa A. Al-Halawi ,Dr.Jamal A. Mehdi & Dr.Haider Hasan



Volume 4, Issue 2 2017

186

ing was conducted with the instrument rotating or reciprocating freely within tapered 
artificial canal that allowed the reproducible simulation of an instrument confined in 
an artificial curved canal (Pedulla et al., 2013).
These canals were defined by both the angle and radius of curvature to detect accu-
rately the curvatures of artificial canals used in this study. Reference radii will meas-
ured to the inner aspect of the curve of the canal, shape of root canal curvature is 
more accurately described using two parameters: angle of curvature (a) and radius of 
curvature (r).
Numerous methods exist to measure the amount of curvature of a canal: the Schnei-
der method, the Weine method, the long axis method and the Pruett method (Günday 
et al., 2005).
The Pruett method uses similar lines as described by the Weine method to calculate 
the angle of curvature. To define these parameters, a straight line is drawn along the 
long axis of the coronal portion of the canal. A second line is drawn along the long 
axis of the apical portion of the canal. There is a point on each of these lines at which 
the canal deviation begin (point a) or end (point b). The curved portion of the canal is 
represented by a circle that tangents at points (a) and (b). The angle of curvature is 
the number of degrees on the arc of the circle drawn between points (a) and (b) (Pru-
ett et al., 1997)  (Figure 1).

Figure 1 (a-b): a. The Pruett method.        b. Custom made Stainless steel block.

A circle tangent to these two points is outlined, and the angle of curvature is meas-
ured as the angle formed by the arcs of the circle to these two points. The radius of 
curvature was corresponds to the radius of this circle (Tra, 2017). 
The artificial canals were milled in stainless-steel block with a tapered shape corre-
sponding to the dimensions of the instruments tested, thus providing the instruments 
with an appropriate trajectory. Length of artificial canals was 19 mm customized 
on metal block with circle milled at the end of each canal to standardize instrument 
placement (Larsen et al., 2009) (Figure 2).
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Figure 2: Stainless steel block fixed by bench vise and Electric motor 
 handpiece attached to surveyor.

The dental hand-piece was mounted on mobile surveyor that allowed control of the 
dynamic hand-piece movement, precise and simple placement of each instrument 
inside the artificial canal, ensuring three-dimensional alignment and positioning the 
instruments to the same depth for standardization (Plotino et al., 2010) (Figure 2).
The artificial canal was then covered with tempered glass to prevent the instruments 
from slipping out and to allow for observation of the instrument during rotation or 
reciprocation and when fracture occurs, so fracture was easily detectable because the 
instruments were visible through the glass window (Pedulla et al., 2013).
To avoid having the files bind in the testing canals, the canal were designed to be 
slightly wider than the files to be tested: 0.3 mm larger than the largest diameter of 
rotary instruments used in study, allowing a slight amount of lateral movement within 
the canal (Plotino et al., 2010).
Stainless Steel block was fixed by bench vise to prevent its movement and to obtain 
fixed relation between the block and the surveyor through hand-piece. Each canal 
completely filled with glycerin to the canal orifice , before introducing each instrument 
to the exacted length (19 mm) inside a canal, to reduce friction and heat generation 
(Lopes et al.,  2009).
The files were activated inside the canals in static situation without pecking motion 
using a 6:1 reduction handpiece (Sirona Dental Systems GmbH, Bensheim, Germany) 
powered by a torque-controlled motor wave one device ((Dentsply Maillefer, Switzer-
land) at different rotational speeds for each file according to recommended manufac-
turer’s instruction (Figure 3).

Figure 3: (6:1) Reduction handpiece (Sirona).
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For standardization of these tests and to prevent human error, video recording was 
carried out simultaneously, and the recordings were observed to cross-check the time 
of file separation (Bhagabati et al., 2012).

Method of canal manufacture and design
The artificial canal milled in 316 stainless steel block with measurements (60° angle 
of curvature, 5 mm radius of curvature, 1.5 mm of width at the coronal part gradually 
decrease to 1 mm at the apical end of the canal and the depth of entire canal was 1.5 
mm). The center of curvature will approximately 5 mm from the tip of the instrument, 
the curved segment of the canal will approximately 5.25 mm in length and the linear 
segment between the tip of the instrument and the endpoint of the curvature will ap-
proximately 2.5 mm. The point of maximum curvature will 5.12 mm from the end of 
instrument (Plotino et al., 2010) that explained by this equation.

Equation 1.
Point of curvature = linear segment + (curved segment ÷ 2)
Length of curved segment (arc) obtained by multiplying the radius by the angle 
measured in radian measure (after transforming the angle from degree measure to 
that in radian measure) as in this equation. 

Equation 2.
Length of arc = angle in radian measure × radius of curvature
Second and third canal was calculated in the same way but with different angle of 
curvature.
The time of each file to the fracture was recorded then the number of cycles to the 
fracture (NCF) was calculated by multiplying the time to fracture in minute by the 
speed used (RPM) and the Length of the fractured tip was measure. The dimensions 
of the canals draw by computer through software program (AutoCAD) and then trans-
ferred to form a frame of pantograph that could be analyzed and understood by the 
hyper spark laser machine to mill a canal in stainless steel block according to the di-
mensions used in the present study.

Method of Measuring cycles to fracture
The instance of fracture was based on visual observation of the instrument fracture 
occurring in the artificial canal. The time (T) of fracture record in second (from start-
ing rotation within a canal until fracture occur), the time to fracture in seconds con-
verted to minute by dividing on 60 and then the time in minute multiplied by recom-
mended speed used to obtain the number of cycles or rounds to fracture (NCF) for 
each instrument as in this equation. 

Equation 3.
Number of cycles to failure NCF = Speed RPM X Time (T) to fracture in minute
The fractured fragment length of each instrument obtained by measuring the frac-
tured instrument (instrument after fracture) by digital vernier, and the length of frac-
tured instrument subtracted from the original length of each instrument (25 mm) like 
in this equation (Figure 4).

Dr.Mustafa A. Al-Halawi ,Dr.Jamal A. Mehdi & Dr.Haider Hasan



Volume 4, Issue 2 2017

189

Figure 4 (a-b): a. measuring of fractured instrument. b. Labeling of samples.

Equation 4.
Fractured fragment = Original length (25) – Length of instrument after fracture.

Results
Number of cycles to fracture at recommended speed (RPM) in three angles of curva-
ture.
The minimum, maximum, mean, the standard errors and the standard deviation (SD) 
for the number of cycles to fracture at recommended speed (RPM) for each rotary 
instrument used in three different simulated apical curved canals expressed in (Table 
1).
Table 1: Descriptive and statistical analysis for the number of cycles to fracture for 
each rotary files system at recommended speed (RPM) in three different simulated 
curvature.

In table 1 obviously showed that the highest mean of cycles to fracture represented 
by the Xp endo shaper when the angle of curvature was 40° by 78658.400 cycles fol-
lowed by Hyflex EDM which had 13327.500 cycles, while the lowest mean of cycles to 
fracture represented by Wave one gold in the same curvature by 6595.050 cycles. For 
60° angle of curvature, the highest mean of cycles to fracture represented by Xp endo 
shaper which had 2619.200 cycles, followed by Hyflex EDM with 2451.500 cycles 
while the lowest mean of cycles to fracture represented by Wave one gold in the same 
curvature was 1008.350 cycles. Finally, for 90° angle of curvature, the highest mean 
of cycles to fracture represented by Xp endo shaper was 946.400 cycles followed by 
Hyflex EDM which had 706.000 cycles, while the lowest mean of cycles to fracture 
represented by Wave one gold in the same curvature was 560.000 cycles. 
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Comparison among the three rotary instruments used To see the statistical 
relation among the three rotary instrument used in three test, one way ANOVA test 
were used for each file system and curvature. Two ANOVA tables results; the first one 
was for the three angle of curvature angle Table 2, the second one was for the three 
files system Table 3, In all ANOVA tables mentioned there was a significant difference 
among the three rotary instruments used.

Table 2: ANOVA test for the mean of cycles to fracture between and within groups 
among rotary system: (HyFlex EDM, the XP-endo Shaper, WaveOne Gold) in three dif-
ferent simulated curved canals.

Table 3: ANOVA test for the mean of cycles to fracture between and within groups for 
each rotary instrument.
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For more understanding the statistical difference among the three rotary instrument 
used, LSD (least significant difference) were used as in Table 4, which explained the 
statistical relation of one rotary instrument with the other two instruments separately 
within three different curvature, as well as explained the difference in mean of cycles 
to fracture among rotary instrument test at the same angle of curvature. 

Comparison between files at constant angle of curvature
To know the statistical relation between two files at the same angle of curvature and 
to know the effect of this angle on number of cycles to fracture for the rotary instru-
ment used in test  used in this study. LSD table for multiple comparison in NCF among 
the rotary instrument at constant angle of curvature, which showed highly significant 
difference between each two file systems used (HyFlex EDM & WaveOne Gold, HyFlex 
EDM & The XP-endo Shaper and WaveOne Gold & The XP-endo Shaper), as in Table 4.

Table 4: LSD table for multiple comparisons in MCF among the rotary instrument used 
in study at constant angle of curvature.

Table 5: descriptive and statistical analysis for the length of fractured fragment of 
each rotary instrument used in three different simulated curved canals.
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Length of fractured fragment
The minimum, maximum ,mean, the standard errors and the standard deviation (SD) 
for fractured fragment length at recommended speed (RPM) for each rotary instru-
ment used: (HyFlex® EDM, The XP-endo® Shaper, WaveOne® Gold) in three differ-
ent simulated apical curved canals expressed in Table 5. From Table 5 it›s clear that 
the highest mean of fragment length when the angle of curvature was 40° represent-
ed by the XP-endo (C1) which had 4.691 mm followed by WaveOne Gold (B1) which 
had 2.180 mm, while the lowest fragment length recorded by HyFlex EDM (A1) which 
had 2.058 mm. At the same table when the curvature angle was 60° the highest 
mean of fragment length was the XP-endo (C2) by 4.933 mm followed by WaveOne 
Gold (B2) which had 4.914 mm, while the lowest mean of fragment length was 4.884 
mm for HyFlex EDM (A2). Finally with angle of curvature 90° the highest mean of 
fragment length was the XP-endo (C3) by 6.985 mm followed by HyFlex EDM (A3) by 
6.731 mm while the lowest mean of fragment length was for WaveOne Gold (B3) by 
5.991mm. 

Comparison in fragment length among rotary instruments used in study in 
different speed and curvature angle
In order to see the statistical difference in fragment length among the three rotary in-
strument used in three test used in this study, ANOVA test were used for each system 
and curvature and the result was two ANOVA tables: the first one was for the three 
different angle of curvature angle (Table 6) which showed no statistical difference in 
fragment at 60° and 90° angle of curvature and high significance difference at 40°. 
The second one (Table 7) was for the three files system, which showed high signifi-
cance difference in fragment among file systems used.
Table 6: ANOVA test for the mean of fragment length between and within groups 
among rotary instruments in three different simulated curved canals
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Table 7: ANOVA test for the mean of fragment length between and within groups for 
each rotary system.

Multiple Comparisons using LSD for Length of fractured fragment
For more understanding to the statistical difference for fragment length among the 
three rotary instrument used, multiple comparisons using LSD (least significant dif-
ference) were used as in Table 8, which explained the statistical relation of one rotary 
system with the other two systems separately (between system).
Table 8:   LSD table for multiple comparisons in fragment length of each file system 
used in three different angle of curvature.

LSD table for multiple comparisons in fragment length among the rotary instrument 
used. Which revealed highly significant difference in fragment length between the 
same files system at three different angles of curvature (40°, 60°, 90°) as in Table 8.

Discussion
Cyclic fatigue resistance refers to the MCF that an instrument is able to resist under a 
particular loading condition. Because the MCF is accumulative, it is assessed through 
multiplying the rotational speed by the time elapsed up to fracture. Even though the 
extracted tooth was more closely resembles to the clinical situation, it was still not 
an ultimate model if the goal of study was to determine the pure physical properties 
of NiTi files, as no two root canals were entirely identical and it is difficult to control 
the amount of stress in the rotating-bending area of the instrument because of vari-
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ances in the canal curvature. Thus, a non-tooth model was designated for this study 
to standardize the conditions and to exclude confounding or the impacts of failure 
caused by other mechanisms of instrument separation away from cyclic fatigue which 
is the aim of present study (Bhagabati et al., 2012).
Several non-tooth devices used to inspect in vitro cyclic fatigue resistance in both 
static and dynamic modes were assessed. A dynamic mode has restrictions because 
the instruments being tested are not constrained in a precise track. Even if the model 
used in the present study could be used in both static and dynamic modes, a static 
structure was preferred because the instruments being tested could be constrained in 
an exact trajectory, while a dynamic model closely approximates a clinical brushing or 
pecking motion (Plotino et al., 2009).
The 30° curvature angle had no significantly effect on the instruments in the canal, 
therefore 40°, 60°, and 90° angles of curvature were employed in this study to deter-
mine the MCF in different stress states. Regarding the effect of the angle of canal cur-
vature, had significantly reduced MCF as the angle of canal curvature increased. With 
an increase in canal curvature, the instruments experienced greater compressive and 
tensile forces and thus fatigue occurred at an earlier time (Shaymaa et al., 2015).
When the file activated in a curved canal, the MCF will depend on the angle at which 
the file was rotated. Also, it was found that when the file rotated at a greater angle 
will break before those rotated at a shallower angle of curvature. This may be at-
tributed to increasing root canal curvature was go together with an increase in the 
maximum stress level in the files. Eventually, the cyclic fatigue resistance of files was 
decreased (Tra, 2017). 

Comparison between three curvatures at recommended speed (RPM.
It›s clear that the mean of cycles to fracture (MCF) decreased when the angle of cur-
vature increased. And the statistical difference between the three angles of curva-
ture for each rotary system was highly significant. Study showed that the great care 
should be taken during instrumentation of severely curved canals due to the effect of 
increase in angle of curvature on fracture of rotary instrument in which higher break-
age would be expected as a result of increased stresses placed on the files. In fact, it 
has been demonstrated that moderate and severe curvatures represent an essential 
factor in the durability of NiTi instruments for the multidirectional loading induced by 
curvatures (Pirani et al., 2016).
The radius of curvature matches to the radius of circle. A canal with a short radius of 
curvature purposed a more abrupt curvature and would result in an increased cyclic 
fatigue stresses to the file. In this study, canal with a five mm radius of curvature was 
described as a “sweeping curvature”. This categorization of the radius of curvature 
was independent of the angle of curvature. The radius of curvature was considered as 
an imperative variable when testing cyclic fatigue resistance of endodontic files (Tra, 
2017). 

Comparison between files system at constant angle of curvature
The present study expressed statistically highly significant difference among the three 
rotary instrument used at each angle of curvature as in ANOVA (Table 2).
From LSD Table 4, it›s clear that the mean of MCF for the XP-endo Shaper (C) was 
more than that of HyFlex EDM (A) and WaveOne Gold (B). Thus, the XP-endo Shaper 
file had more fracture resistance than both file systems. This attributed to lowest 
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number of load application to cause fracture that belong to the different manufactur-
ing process including type of alloy used, heat treatment, and cross-sectional design. 
According to the manufacturer, XPS is prefabricated with the NiTi MaxWire (Mar-
tensite-Austenite electropolish-fleX). This metallurgical alloy gives the instrument its 
high flexibility (FKG. Dentaire 2016).
Surface roughness plays a vital role in the fatigue life of endodontic files and conse-
quently, increased roughness will reduce the MCF of the instruments. The MCF of the 
polished BioRace NiTi rotary endodontic instruments was 117% superior to that of 
the unpolished instruments. The fatigue life of a specified material can be estimated 
by the amount of the time required for crack nucleation and the time necessary for 
the crack to propagate into a critical length that will end in fracture. In the electropo-
lished file system where the surface defects shallower, the time elapsed till defect 
nucleation occurred was possibly greater than the time needed for crack propagation. 
The present study concludes that polished NiTi rotary files with electropolished tech-
nique were more resistance to cyclic fatigue than unpolished file system (Lopes et al., 
2016).
XPS also had an equilateral triangular cross-section. Equilateral triangular cross-sec-
tion designs offer better resistance to cyclic fatigue compared with convex triangular 
designs due to greater stress concentrations at the middle of each side, as the dis-
tance between the middle of each side of triangle and the centroid of the cross-sec-
tion is shorter (Elnaghy & Elsaka, 2017).
This study determined that instruments with a triangular cross-sectional design pos-
sessed greater cyclic fatigue resistance than those with other cross-sectional design. 
This difference is related to the reduced metal mass of the files with a triangular 
cross-section compared to files with another cross-section and similar diameter (Ca-
par et al., 2015).
HyFlex EDM had smaller core diameter compared with WOG, which demonstrated 
0.08 constant taper in the apical 4 mm of the instruments, and the taper of the in-
struments decreases progressively up to 0.04 in the coronal region. In addition, the 
cross-sectional design of these files is rectangular in the apical part and transforms to 
2 different trapezoidal forms in the middle and coronal portions (Pedulla et al., 2016).
While According to the manufacturer the WOG files demonstrated 0.07 constant taper 
a parallelogram-shaped design, which is higher than both files in present study. So 
the results showed that WOG file exhibits lower cyclic fatigue resistance compare to 
other files. Eventually the study conclude that XPS with 0.01 constant tapering had 
the smallest core diameter compared with the other instruments which exhibit the 
lowest flexural rigidity cross section and had highest resistance to cyclic fatigue (Ca-
par et al., 2015).

Comparison between HyFlex EDM, WaveOne Gold rotary system
HyFlex EDM (A) revealed higher mean of cycles to fracture than that of WaveOne 
Gold (B). According to the results of the present study, HyFlex EDM file system was 
found to be the statistically had higher fatigue resistance than WaveOne Gold. For this 
reason, the null hypothesis of the present study was rejected (Gündoğar & Özyürek, 
2017). This belongs to the electro-discharge machining procedure performed during 
the production. The new manufacturing process had a substantial impact on fatigue 
lifespan of HyFlex EDM files which appeared suitable for shaping severely curved 
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canals (Pirani et al., 2016). Studies reported the cyclic fatigue resistance of HEDM 
files to be higher than that of RPC and WaveOne files while performing reciprocal mo-
tion. It is believed that the reason for this result originates from the alloys used in 
the manufacturing process and the differences in heat treatments applied (Pedulla et 
al., 2016, Gündoğar & Özyürek, 2017). The length of fractured fragment. The mean 
lengths of the fractured segments were recorded in order to evaluate the correct po-
sitioning of the tested files inside the canal curvature. The study  showed statistically 
high significant difference between The XP-endo Shaper and both HyFlex EDM and 
WaveOne Gold files only at 40° angle of curvature  and there was no statistically sig-
nificant difference (P > .05) in the mean length of the fractured fragments among Hy-
Flex EDM, WaveOne Gold files and The XP-endo Shaper  when angle of curvature was 
(60° and 90°). The fractured length of each file was at the center of the curvature or 
just above this point, which approves the positioning of the instruments in a particu-
lar trajectory (Shaymaa et al., 2015, Özyürek et al., 2017 and Gündoğar & Özyürek, 
2017). The average length of the separated file segments was not influenced by the 
different cyclic fatigue tests. All tested instruments fractured at the point of move-
ment flexure within the curved segment of simulated canal. At this point, the stress 
on the instrument was conceivably superior (Lopes et al., 2009 and Tra, 2017). Some 
difference in length of fractured fragment among files of the same system attributed 
to the manufacturing flaws, in some distance to the point of greatest deformation 
would experience crack propagation sufficient to eventually cause instrument separa-
tion (Ullmann & Peters, 2005).

Conclusion 
the manufacturing process, Instrument design, cross section and surface treatment
represent a critical factor in the longevity of NiTi rotary systems. Moreover, the rotary
instruments were more liable to fracture when used in canal with increased angle of
curvature.
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Abstract 
High aesthetic interest, biocompatibility and long-term predictability of porcelain lami-
nated veneer make them a predictable restorative procedure for treatment of teeth in 
the front area of the mouth. Objectives to evaluate the fracture resistance of porce-
lain veneers restorations fabricated from two types of CAD/CAM ceramic blocks bond-
ed to teeth with or without composite filling.  Materials and Methods Forty eight 
human maxillary first premolar were divided into 4 study groups (12 samples each). 
Group A1: IPS e.max CAD veneers with composite filling, Group A2: IPS e.max CAD 
veneers without composite filling, Group B1: VITA Suprinity veneers with composite 
filling, Group B2 VITA Suprinity veneers without composite filling. The cavities were 
restored with nanofilled composite. All the veneers were milled by CAD/CAM technol-
ogy. Results The statistical analysis showed  the highest mean of failure load was 
recorded for the group B2 group (577.50N), for group (B1) the mean of failure load 
was (535.60N), and for Group A2  had the mean of failure load was (487.66) , and for 
group (A1) the mean of failure load was (451.58N).Two way ANOVA shows significant 
effect of type of ceramic material on the fracture resistance of PLV with no significant 
effect of  the presence of composite filling on the fracture resistance of PLV. 
Conclusion Fracture resistance of PLV had no significant difference between PLV-re-
stored teeth with existing composite restoration and intact teeth. Type of ceramic had 
significant effect on the fracture resistance of PLV. VITA Suprinity veneers had higher 
fracture resistance compared to IPS e.max CAD veneers. The most frequent failure 
type was mixed failure, fracture tooth, fracture veneer and debonding. 

Keywords: CAD/CAM, laminate veneers, lithium disilicate ceramic, 
load failure, composite filling, zirconia reinforced lithium silicate

Introduction 
Achieving the good esthetic results especially with porcelain veneers is probably the 
most challenging task encountered by dental practitioners and ceramist today (Jankar 
et al., 2014).The esthetics of teeth restored with multiple discolored resin compos-
ite restorations can be improved by using a laminate veneer restoration. Replacing 
the old composite resin restorations by new restorations or removing them for indi-
rect restorations has the disadvantage of removing sound tissues and a risk of pulpal 
trauma (Gresnigt et al., 2011). 
Lithium disilicate glass ceramic (IPS e.max CAD; Ivoclar Vivadent, Schaan, Lichten-
stein) has been considered the strongest glass-ceramic (Sasse et al., 2015). A new 
generations have been developed for computer-aided design and computer-aided 
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manufacturing (CAD/CAM) technology in an attempt to improve the mechanical and 
optical properties of glass-ceramic restorative materials which is zirconia-reinforced 
lithium silicate (Vita Suprinity; Vita Zahnfabrick, Bad Säckingen, Germany) This new 
glass ceramic is enriched with zirconia (≈10% by weight) into the lithium silicate 
glass matrix claimed to be more translucent and stronger material than the conven-
tional lithium disilicate ceramic (Elsaka and Elnaghy, 2016).

Materials and methods
48 caries-free maxillary first premolars teeth were visually examined with blue light 
transillumination to evaluate that the teeth. The occluso-cervical and mesio-distal di-
mensions were measured.Teeth were cleaned from any attached soft tissue then were 
hand scaled and polished with fluoride-free pumice and placed in 0.1% thymol for 
one week and then stored in saline solution at room temperature until the time of the 
experiment (Abdo et al., 2012).
Group A: teeth were restored with veneers made from lithium disilicate ceramic CAD/
CAM blocks (IPS e.max CAD, Ivoclar/Vivadent, Germany).
•Group A1 (12 samples): with composite filling filled with Filtek™ Z350 XT nanofilled 
composite (3M ESPE, Germany).
•Group A2 (12 samples): Without filling. 

Group B: teeth were restored with veneers made from zirconia reinforced lithium sili-
cate (VITA Suprinity, Vita Zahnfabrick, and Germany).
•Group B1 (12 samples): with composite filling filled with Filtek™ Z350 XT nanofilled 
composite (3M ESPE, Germany).
•Group B2 (12 samples): Without filling.

Teeth mounting 
By using the  analyzing rod of dental surveyor (Jelenko Dental Surveyor, Dentarium, 
Germany), the teeth were mounted into specially designed locally- manufactured rub-
ber mold (30 mm height × 30 mm diameter) filled with cold cure acrylic (sofadental,). 
All specimens were embedded up to 2mm apical to the CEJ to simulate the natural 
biologic width, marking it with colored pencil (Versluis et al., 2011) as showed in Fig-
ure 1.

Figure 1: Tooth mounting
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Composite Cavity Preparation
All samples of A1 and B1 groups were prepared with a standardized composite filling 
on the buccal surface. All cavities were prepared 2 mm above cemento-enamel junc-
tion (Irie et al., 2003, Majeed, 2012). The dimensions of the prepared cavities were: 
occluso-gingivally (2 mm), width (4mm) and depth (1.5 mm). The cavity preparation 
was made by using the square edge diamond wheel bur ISO no. 806 314 043 524 
040 (NTI-Kahla GmbH, Germany). After the cavity was prepared for the tooth, 37% 
phosphoric acid etchant gel (Ivoclar Vivadent, Germany) to etch the cavity 15 sec, 
then rinse for 10 seconds. Adper Single Bond 2 Adhesive (3M ESPE, USA) was applied 
to the cavity for 15 seconds with gentle agitation, followed by gentle air thinning for 5 
seconds to evaporate solvents, and light cured for 15seconds according to manufac-
turing instruction. Filtek Z350 XT Nanofilled composite resin (3M ESPE, USA) was ap-
plied to the cavity with composite titanium instruments (DenTag S.r.l, Italy) in about 
350 g and light cured for 20 seconds according to the manufacturer›s instruction. 
Silicone Index Fabrication. A silicone index made of putty condensation silicon impres-
sion material (Ormadent Putty with Ormactivator Gel, Major Prodotti Dentari Spa, and 
Italy) was fabricated for each tooth in all groups before the preparation in order to be 
able to evaluate the accuracy of tooth reduction (Figure 2).

Figure 2: Silicone index fabrication

Teeth preparation for porcelain veneer
Standardized preparations were done for all the teeth using ceramic veneer system 
preparation bur set (Keramik-veneers.de, Komet, Germany). The facial reduction was 
0.4 mm at the cervical third and 0.5 mm at the middle and occlusal thirds (Castelnuo-
vo et al., 2000). The outline of the preparation was painted on the tooth with water 
proof color marker. The boundaries of preparation were: Gingivally, 1.5 mm above 
CEJ (Gresnigt and Özcan, 2007, Akoglu and Gemalmaz, 2011). Occlusally, (from tip of 
the buccal cusp) 1.5 mm bucco-palatally and 1.5 mm occluso-cervically (Touati et al., 
1999, Gürel, 2003). Proximally, extent of the preparation was just short of the inter-
proximal contact area (Figure 3). Finishing procedure was done using white stone bur 
(Zarone et al., 2006, D›Arcangelo et al., 2008, D›Arcangelo et al., 2012) 

Digital impression were made for all the teeth by using APOLLO ID intraoral camera 
( Sirona Dental Systems GmbH.) and fabrication of veneers was done using (Sirona 
Dental Systems, Bensheim, Germany) program (CEREC in-Lab (4.02)
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Figure 3: Checking veneer preparation  
with silicone index

Cementation
The cementation of all veneers was performed with 3M RelyX veneer resin cement 
(3M ESPE, Germany) translucent shade by using two-steps etches and rinse tech-
nique. The intaglio surface of all veneers was etched with 5% hydrofluoric acid gel 
(IPS ceramic etching gel, Ivoclar Vivadent, Germany) for 20 seconds according to the 
manufacturer instructions, then  veneers were rinsing thoroughly with air/water spray 
for 30 seconds and air dried (Khatib et al., 2009). 
Insoluble silica-fluoride salts as by-products precipitate on the surface (Canay et al., 
2001; Magne and Cascione, 2006) were removed by cleaning the restorations by 
etching and rubbing the surface with 37% phosphoric acid etching gel (Ivoclar Vi-
vadent, Germany) for 30 second and then wash with air/ water spray for 30 second  
and air dried. Siliane coupling agent (Ivoclar Vivadent, Germany) was applied with 
brush over the intaglio surface of the veneer for 1 minute and lightly air dried for 5 
seconds (Suh, 1991).
The existing composite restorations for group A1 and B1 were silica coated silica-coat-
ed (Cobra, Renfert GmbH, Germany) using Sandblasting machine (china) by using  50 
μm alumina oxide (Al 2 O 3 ) particles (Cobra, Renfert GmbH, Germany) for 10 sec-
onds at maximum pressure of 2 bars at about 1 cm distance from restoration surface 
(Gresnigt et al., 2007) as showed in Figure 4.

Figure 4: Sandblasting of composite filling
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Total etching technique was carried out for all group using 37% phosphoric acid for 
15 seconds and then thoroughly washed for at least 10 second and lightly dried for 5 
second. Two consecutive coats of Single bond 2 adhesive (3M EPSE, USA) was applied 
with a microbrush, gently rubbed for 20–30 s, and then distributed with an air spray 
for 5 second at a distance of 10 cm to form a slightly shiny adhesive film following 
manufacturer’s instructions.
To avoid inaccuracies of fit, the adhesive was not light-polymerized before restora-
tion placement. An adhesive layer (3M EPSE, USA) was applied to the silanized sur-
face of veneer without light curing. Then cement was applied to the intaglio surface 
of the veneers, and the veneers were positioned on the teeth occluso-cervically and 
held in place with Optrastick. The seating pressure was controlled by digital scale (Sf-
400, china) at 1 Kg (Magne et al., 1999). The pressure on each veneer was stopped 
when no more excess of luting material extruded from the margins. Three seconds of 
light-polymerizing from buccal surface to ensure stabilization of the veneer and thin 
explorer was used to remove excess luting material extruded from the veneers› mar-
gins. Residual excess cement was further removed with a 15c scalpel then glycerine 
gel was applied at the margins of the laminate veneers and photo-polymerized for 
40 second for each surface with LED Light curing  system(radii plus, SDI, Australia) 
at high intensity approximate  1500mW/cm2 from labial, mesial , distal and occlusal 
(Gresnigt et al., 2016) as showed in Figure 5

Figure 5: Veneer cementation

All the specimens were stored at 37˚ in distilled water for two weeks (Duzyol et al., 
2013) as the mechanical stability occurred within 2 weeks for RelyX veneer cement 
when stored in distilled water (Meşe et al., 2008). After storage the specimens were 
subjected to 500 thermal cycles alternating between 5 and 55ºC, with a dwelling time 
of 20 seconds (Antoniades, M., et al., 2004)

Failure test
Failure test was done with universal testing machine (LARYEE Universal testing ma-
chine, China). The block was mounted on a custom made jig, where the load was 
applied in at 45° to the long axis of the tooth (Abdul Khaliq and Al-Rawi, 2014), The 
load was applied at crosshead speed of 0.5mm/min (Al-Joboury and Zakaria, 2015) 
with a 3.2 mm in diameter flat end moving vertical rod of the machine that exerted 
the load at a point 1mm from the cusp tip palataly.
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Results 
A total of 48 measurements of fracture strength in experimental groups were record-
ed. The means and standard deviations of fracture strength percentage % with mini-
mum and maximum values which were calculated for each group are shown in Table 
(1). 

Table (1): Descriptive Statistics. Mean values and standard deviation values of frac-
ture strength for each group in Newton (N)

From table (1) , it can be seen that the highest mean of failure was recorded for the 
group B2 (577.50N) (which restored with VITA Suprinity without composite filling)  
followed by B1 (535.67N) (which restored with VITA Suprinity with composite filling) 
then group A2 (487.67N) (which restored with IPS e.max without composite filling) 
and the lowest mean of strength was recorded for group A1 (451.58) (which restored 
with IPS e.max with composite filling). Shapiro-wilk test was conducted to assess the 
normality of distribution of the analyzed data that have shown that the data are nor-
mally distributed as shown in (Table 2).

Table (2): The normality of distribution test Shapiro-wilk test.

•When p-value is above 0.05 that means the data are normally distributed
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Two-way ANOVA test was used to detect whether there were significant effects of type 
porcelain veneer restoration and presence composite filling and their interaction on 
the fracture resistance for the four study groups. 
According to the result, the type porcelain veneer restoration had a high significant 
effect on fracture resistance of PLV (P < 0.01). The presence composite filling had no 
significant effect (P > 0.05), However, the interaction of the effects between those 
two factors had a non-significant effect on the fracture resistance (P=0.909 > 0.05) 
(table 3 and 4). 

Table (3): Two way ANOVA test of mean value of fracture resistance of all groups

Table (4): Two way ANOVA test of load among subgroup by groups.
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Table (5): Two way ANOVA test of load among group by subgroups.

Among the experimental group, the mode of failure were varied from veneer fracture, 
tooth fracture and debonding.

Discussion 
In the present study, there was no significant difference in the fracture resistance 
between teeth restored by PLVs with composite fillings and intact teeth restored by 
PLVs which is in consistence with the results of Ozcan et al. However, in their inves-
tigation, the failure loads were in the range of 299 ± 103 to 471 ± 125 N, which are 
lower than those observed in the present study due to different test parameters re-
lated to the veneer material, the bonding material, and the load directions (Ozcan et 
al., 2009).
According to study done by Gresnigt et al., 2011, who studied the clinical survival of 
ceramic laminate veneers up to 40 months found PLVs were not significantly  influ-
enced when they were bonded onto intact teeth or onto teeth with existing restora-
tions with surface conditioning method which is in agreement with the present study.
When a laminated veneer is indicated on existing composite restorations in an oral 
cavity, and the composite fillings has been aged in the humid oral environment and 
this means that saturation of water has been reached and less free radical activ-
ity could be predicted (Ferracane and Marker, 1992). It has been advocated that the 
greatest residual free radical activity of the composite can be found on the surface 
of the composite during the first 24 h after polymerization (Shahdad and Kennedy, 
1998).
In this study, the specimens for group A1and B1 were left in water at 37 °C for two 
weeks before cementation so that free radical could be diminished. The bond strength 
of indirect restorations to aged resin composites is partially depend on the unconvert-
ed C=C double bonds. These double bonds can be responsible of the adhesion of the 
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resin cement to the existing composite fillings. 
Two ways ANOVA showed type of ceramic material had significant effect on the frac-
ture resistance of PLV. In the present study VITA Suprinity (B1,B2) had higher frac-
ture resistance than IPS e.max CAD (A1,A2) which is in agreement with Elsaka and 
Elnaghy who studied the physical properties of zirconia reinforced lithium silicates and 
IPS e.max CAD ceramic , which could be related to incorporation of zirconia filler to 
the composition of zirconia reinforced lithium silicates. The glass matrix is reinforced, 
without getting clouded by the dissolved zirconia particles, which gives it higher frac-
ture strength, flexural strength and modulus of elasticity (Traini et al., 2016).
Fracture toughness is often used to characterize the fracture resistance of brittle ma-
terials. Fracture toughness is defined as the resistance of a material against crack 
propagation. therefore, the more brittle material smaller fracture toughness with the 
material so, according to study done by Traini et al. who evaluated the fracture tough-
ness of  ZLS and LS2 . ZLS showed values of fracture toughness was 2.8±0.9 MPa m 
1/2 while for LS2 was 2.27±0.16 MPa m 1/2 to 2.37±0.28 MPa m 1/2 which confirm 
that ZLS reveals superior mechanical properties compared to lithium disilicate glass 
ceramics (Traini et al., 2016).
In the present study the most frequent failure type was mixed failure, either fracture 
tooth, debonding or fracture veneer. Friedman’ reported that fracture alone accounted 
for 67% of the total failure noted for ceramic veneers during clinical observation over 
a period of 15 years (Friedman, 1998).
The fracture of laminate veneers could not be related to one single reason only, with 
adhesive debonding failure type if luting cement remains on the tooth, then the fail-
ure could be attributed to a lack of adequate etching and silanation of the intaglio 
surface of porcelain veneer. On the other hand, if luting cement remains inside the 
veneer, then a poor bonding to the enamel substrate or maybe a lack of adequate 
enamel with exposed dentin for adhesive bonding can be recognized as the problem 
(Ozturk et al., 2013). 
The adhesion of luting cement to ceramics is provided by a combination of mechani-
cal retention that is got by HF etching, and chemical reaction provided by the silane-
coupling agent (latz, 2003; Ozcan et al., 2007). According to the findings of this pre-
sent study, the frequency of adhesion failure was more than cohesive mode in all the 
study groups which was in agreement with what was reported by Ozturk et al. and 
Lambade et al. (Ozturk et al., 2013, Lambade et al., 2015, Alavi et al., 2017) but in 
contrast with Germain et al. study (Germain et al., 2015) in which cohesive failure 
was profound. Such a variation in the mode of failure might be due to the difference 
in the adhesion resin, maintenance condition, preparation procedures, and the type of 
ceramic used in each study. 
Stiffness of enamel imparts to the tooth like what a metal coping does for a metal-
ceramic crown. Removal of the enamel negatively affects the stress-strain distribu-
tion of the subsequent veneer which leads to an increase in flexure under load and 
ultimately cohesive fracture (Alavi et al., 2017). If the flexural strength of the veneer 
cannot support the whole tooth and protect the luting cement, the veneer will debond 
or fracture before the loading force is transferred to the luting cement. 
The cohesive fracture is characterized by the loss of a piece of ceramic veneer due to 
excessive functional or parafunctional loading (Germainet al., 2015). Predisposing fac-
tors for cohesive failure are structural features of the extracted tooth, increase in the 
fragility of the extracted tooth after a long waiting period, weakened bonding surfaces 
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after the acid-etching process, failure between adhesive interfaces, and insufficient 
and poor hybrid layer formation (Versluis et al., 1997; Pashley et al., 2005). In the 
present study the majority of fractures were observed on the root. Castelnuovo et al. 
and Christian et al. also found a significantly higher number of root fractures in the 
frequency of failure modality (Castelnuovo et al., 2000). 
The method of adhesion of bonded ceramic veneers seems to be appropriate to re-
produce the original stiffness of the tooth (Magne et al., 1999). It may be expected 
that higher rigidity is associated with higher strength, but also with more problem-
atic failures (Stokes et al., 1993), but it’s not recommended to transfer the evaluated 
fracture modulus data to the clinical situation.

Conclusions
Fracture resistance of PLV had no significant difference between PLV-restored teeth 
with existing composite restoration and intact teeth. Type of ceramic had significant 
effect on the fracture resistance of PLV. VITA Suprinity veneers had higher fracture 
resistance compared to IPS e.max CAD veneers. The most frequent failure type was 
mixed failure, fracture tooth, fracture veneer and debonding. 
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