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Abstract.  Diabetes itself is not a direct cause of periodontal disease, 

but rather it facilitates the development of gingivitis and periodontitis 

through local pathological changes in the oral cavity.  The relationship 

between diabetes and hard dental structure, particularly root surfaces 

has received far less attention, despite the fact that root surfaces are 

exposed to multiple pathological factors.  The aim of this study is to 

evaluate the effect of diabetes type 1 and 2 on the mineralization of 

periodontally diseased root cementum using scanning electron 

microscope and energy dispersive spectrometry.  The sample of this 

study consisted of 30 periodontally diseased teeth obtained from 

healthy and diabetic patients' type 1 & 2, and was classified into three 

groups.  The result of this study showed remarkable root cementum 

destruction in diabetic group versus control group. In addition to a 

significant decrease in the mineral contents, especially calcium ions in 

diseased root cementum of diabetic patients' type 1, this study 

concluded that the destruction of root cementum surface and the 

significant decrease in the calcium contents of the cementum of 

diabetic patients with periodontitis, may play an essential role of tooth 

looseness in diabetic patients. Moreover, it will assist to clarify the 

mechanism of periodontal destruction in diabetic patients. 

Keywords: Root cementum, Diabetes, Periodontitis, Energy 

dispersive X-ray analysis. 
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Introduction 

Several trials have demonstrated a relationship between diabetes and 
tooth loss

[1-3]
.  The status of the periodontal disease was also examined in 

diabetics and a significant alveolar bone loss was observed
[4]

.  However, 
structural changes in the cementum of diabetics have not been evaluated 
adequately with regard to its relationship with mobility of the teeth and 
eventual, tooth loss.  The increased frequency of tooth loss in diabetics 
has been associated with periodontitis, its accompanying tooth mobility, 
and deep pocket formation

[5]
.  Diabetes itself is not a direct cause of 

periodontal disease, but rather it facilitates the development of gingivitis 
and periodontitis through local pathological changes in the oral cavity

[6]
.  

While periodontitis in diabetics is the subject of ongoing research, the 
structural changes in human teeth associated with diabetes have not been 
adequately studied.  The relationship between diabetes and hard dental 
structure particularly root surfaces, has received far less attention, despite 
the fact that root surfaces are exposed to multiple pathological factors

[7,8]
.  

Root surface affected by periodontal disease may show various changes 
depending on the location of the root surface relative to the environment. 
When the exposed cementum comes into intimate contact with microbial 
dental plaque, changes occur in the diseased cementum, including 
hypermineralization of the cementum surface and a degeneration of the 
collagen matrix.  In addition to a development of resorption lacunae due 
to penetration and/or absorption of bacterial endotoxins at the exposed 
cementum

[9]
.  

Chemical analysis of the exposed cementum has shown an increase 
in calcium, magnesium, and phosphorus with a depth of penetration 50 
um or less into the cementum.  The crystals of the hypermineralized 
surface zone were observed to be larger than in the subjacent 
cementum

[10]
.  A limited number of studies have used an electron probe 

to analyze the distribution of various elements in cementum. Hence, no 
consensus could be reached regarding the occurrence or, distribution of 
various elements

 
and conflicting data were reported

[11-13]
.  

Root surfaces have been evaluated for clinical changes due to the 
influence of periodontal diseases.  The reported results from such teeth 
indicated a higher Ca and P content than non-diseased root surfaces.  
Similarly, it has been reported that when root surfaces became exposed to 
the oral cavity as a result of periodontal disease, the exchange of mineral 
at the cementum-saliva interface resulted in a more highly mineralized 
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surface zone approximately 40 microns in depth
[14]

.  In the contrary to 
another study

[15]
, it was reported that exposed root structures did not 

show Ca and P differences to a depth of 60 microns when evaluated by 
scanning electron microscopy (SEM) and energy dispersive X-ray (EDX) 
analysis. They claimed that previous studies utilized preparative methods 
such as precipitating fixatives, embedding medium or solutions for 
extraction of organic matrix and dehydration, which altered the elemental 
content of the root surface. 

Energy dispersive X-ray spectrometry (EDX) was carried out in 
combination with SEM.  The EDX-analysis separates the x-ray spectrum 
by energy with enough sensitivity to show x-ray spectral data at low-
beam currents.  The EDX-analysis was used to determine the chemical 
elemental content in the diseased cementum surface

[16]
.   

The primary composition of root cementum is of a mineralized 
nature, but the basic elements present, besides calcium and phosphorus, 
have not been verified.  Opinions differ concerning the changes in 
cementum associated with periodontal disease.  In order to understand 
the nature of this calcified structure in health and disease, knowledge of 
the elemental content of non-diseased as well as diseased root is required.  

Objectives 

Therefore, the present study was undertaken to evaluate the 
microanalysis of various elements, and assesses the surfaces 
characteristics of the diseased root surfaces among healthy and 
uncontrolled diabetic patients by using scanning electron microscopy and 
energy dispersive x-ray analysis. 

Materials and Methods 

All patients were selected from dental patients attending King 
Abdulaziz University, Faculty of Dentistry Male department (all male 
patients).  Thirty hopeless vital human teeth from diabetic patients and 
healthy volunteers were used.  Diabetic state was determined by history 
of previous diagnosis of diabetes. A medical history was available for 
each person included in the study.  Local ethics committee approval was 
gained for the project and the informed consent was obtained from all 
patients.  The selected patients suffered from periodontal diseases and did 
not receive any antibiotics or periodontal therapy during the past 6 
months.  All the selected teeth had periodontal pockets that ranged from 
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7-9 mm probing depths and minimum 35% bone loss as determined from 
the radiographs.  They were indicated for extraction due to advanced 
adult periodontitis. The collected teeth were categorized into three 
groups: 

Group I: 10 periodontally diseased teeth from healthy volunteers 
(Control group). 

Group II: 10 periodontally diseased teeth from diabetic patients type 1.  

Group III: 10 periodontally diseased teeth from diabetic patients 
type 2.    

During extraction, care was taken to avoid instrumentation to the 
areas of the root to be studied.  The teeth were collected in deionized 
water and stored in the refrigerator.  Cross root sections were cut using 
diamond saw at more than 5 mm apical to the cementoenamel junction.  
The root surface opposite the surface to be evaluated was marked with 
shallow groove for proper identification of the examined surface.  Areas 
for electron microscopic examination were selected to correspond to 
areas examined in the EDX-analysis.  All tooth samples were mounted 
on specimen stubs and sputtered with a 15 nm thick gold layer

§
.  The 

specimens were then examined with a scanning electron microscope
¶
.  

The microscope was operated at an accelerating voltage of 20 kV.  The 
specimen was analyzed by using energy dispersive analyzer unit

║
 

attached the scanning electron microscope at the electron microscopic 
unit, Faculty of Science, King Abdulaziz University (KAU). 

Statistical Analysis 

Data were collected and tabulated using Microsoft Office 
Spreadsheet version 3.2 (Microsoft Corp., Washington DC, USA). They   
were also subjected to statistical analysis with ANOVA test using R (R 
Development Core Team, Bell Laboratories, New Jersey, USA)

[17]
.  The 

significant level was set at 0.05. 

Results 

The mean age in the diabetic groups was 56.1±13.1 years versus 
55±14.2 years in the control group. 

_____________________ 
§ JEOL JFC- 1600 Auto Fine Coater 

¶ JSM-6360LA, JEOL, Tokyo, Japan 

║EX-23000BU 
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Scanning Electron Microscope Examinations 

Periodontally diseased cementum from diabetic patients and healthy 

volunteers showed different morphological features.  The periodontally 

diseased root cementum of healthy volunteers (Group I), showed an 

irregular, uneven surface with multiple superficial defects (Fig. 1).  The 

diabetic patients' type 1 with periodontally diseased teeth (Group II) 

showed distinct features.  The cementum surface was severely damaged 

with the presence of numerous circular domes giving a pebbly 

appearance with complete absence of periodontal ligament fibers. In 

addition to the presence of multiple deep crack lines, also, numerous 

resorption areas extended deeply into the underlying dentin (Fig. 2).  In 

group III, the resorption defect areas widely covered the 
 

 

Fig. 1. Scanning electron micrograph of Group I (control) surface view of periodontally 

diseased cementum.  It appears irregular, uneven and with superficial defects (X 

16000). 

 

Fig. 2. SEM image of Group II, (type 1 DM), shows severe destruction of the cementum 

surface, multiple crack lines and exposure of the underlying dentin (X 25000). 
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diseased cementum surface with variable depths of penetration into the 

underlying dentin, in addition to the presence of multiple crack lines 

(Fig. 3). 

 

 

Fig. 3. SEM image of Group III, (type 2 DM). The root surface appears widely covered by 

diseased damaged cementum with the presence of multiple deep defects of variable 

depths into the underlying dentin and absence of periodontal ligament fibers. (X 

10000).  

Electron Dispersive X-ray Analysis 

The elements analyzed and compared in both groups of the energy 

dispersive spectrometry study were those with an atomic number of 5 or 

higher, having enough intensity that the EDX could discern them from 

background or scatter radiation.  The minerals most often detected in the 

specimens were calcium (Ca), fluoride (F), sodium (Na), magnesium 

(Mg), phosphorus (P), sulfur (S) and chloride (CL) (Table 1),  

Table 1. Descriptive statistics for the different elements used in the current study. 

  Mean SD n Groups P value 

Ca 

Group I 61.75 12.89 5 G2-G1 0.04 

Group II 43.72 7.16 5 G3-G1 0.56 

Group II 55.09 9.04 5 G3-G2 0.21 

Cl 

Group I 0.46 0.34 5 G2-G1 0.07 

Group II 1.54 0.93 5 G3-G1 0.17 

Group III 1.31 0.67 5 G3-G2 0.85 

Fl 

Group I 13.08 3.80 5 G2-G1 0.46 

Group II 10.73 2.76 5 G3-G1 0.46 

Group III 8.72 2.31 5 G3-G2 0.56 
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Table 1. (Continuation) Descriptive statistics for the different elements used in the 

current study. 

  Mean SD n Groups P value 

Mg 

Group I 1.68 0.35 5 G2-G1 0.61 

Group II 1.42 0.17 5 G3-G1 0.93 

Group III 1.77 0.62 5 G3-G2 0.41 

Na 

Group I 8.72 4.28 5 G2-G1 0.97 

Group II 8.03 3.25 5 G3-G1 0.86 

Group III 10.17 5.26 5 G3-G2 0.72 

P 

Group I 20.06 1.51 5 G2-G1 0.68 

Group II 20.65 0.75 5 G3-G1 0.99 

Group III 20.04 0.85 5 G3-G2 0.66 

S 

Group I 1.38 0.35 5 G2-G1 0.040 

Group II 2.20 0.45 5 G3-G1 0.71 

Group III 1.14 0.57 5 G3-G2 0.01 

F -test p < 0.05 

Group I = G1, Group II = G2, Group III = G3 

In the three groups, the content of phosphorus and calcium 

represents the main essential components of the diseased cementum of 

healthy and diabetic patients.  Calcium contents of the diseased 

cementum surface of healthy controls (Group I) were higher in 

comparison to the diseased cementum of diabetic patients (Group II). The 

difference between them was statistically significant (p-value = 0.036) 

(Fig. 4). 

The influence of diabetes on calcium (Ca) contents was variable 

among the two diabetic groups (II & III).  The type 1 diabetic patients 

showed remarkably decreased calcium in comparison to type 2 diabetic 

patients, but the difference was not significant.  The influence of diabetes 

on fluoride (Fl) seemed to be much less dramatic since the difference 

between the three groups was not significant. 

The sulfur (S) contents of the diseased cementum of group II was 

the highest. The difference was significant compared with controls (p 

value = 0.04) and with other diabetic (Group III) (p value = 0.01) 

(Fig. 5).  

The difference for the other elements magnesium (Mg), sodium 

(Na), chloride (Cl) and phosphate (P) among the three groups was not 

significant (Table 1). 
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Fig. 4. Error bars showing the mean and standard errors of calcium level in the 3 studied 

groups. 

 

 

 

 

 

 

 

Fig. 5. Error bars showing the mean and standard errors of sulfur level in the 3 studied 

groups. 

Discussion 

This study was primarily concerned with ultrastructural and 
elemental changes within periodontally diseased cementum of diabetic 
patients.  The effects of metabolic changes in diabetes are multifaceted 
including plaque microbiology, vascular changes, and alterations in the 
metabolism of collagen tissues and in immunological responses

[18]
. 

The results of the scanning electron microscope of the diseased 
cementum surface of non diabetic patients revealed the presence of rough 
irregular surface with multiple resorption lacunae of variable depths.  
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This is in agreement with Adriaens et al.[19]
 who explained that these 

lacunae may display a route of entry for bacteria into root cementum and 
radicular dentine.  Daly et al.[20]

 also showed cracks within cementum 
from periodontally - involved root surfaces.  These surface topographical 
features may be of importance in therapeutic interventions aimed at 
rendering the root surface biologically acceptable.  Eide et al.[21]

 have 
observed a mineralized surface coating on dental cementum incident to 
periodontal disease. They stated that this coating is derived from 
components of inflammatory exudates within periodontal pockets and 
that this might be a reservoir of cementum-associated 
lipopolysaccharides. 

The strongest ultrastructural destructions were observed in type 1 
diabetic patients (Group II); where large areas of cemental surface were 
destroyed, while in type 2 diabetes the cemental destruction was mild. 
This is in agreement with Atar et al.[22]

 who found that diabetic patients 
show more destructive cementum than the healthy controls.  The extent 
of these destructions is decreasing in the order, with the least in the 
shorter duration of diabetes.  From the SEM micrographs shown in this 
study, it was evident that all patients affected by a genetically determined 
diabetes show markedly stronger defects than the acquired diabetes.  
From these findings, the conclusion was drawn that genetically induced 
diabetes, like type 1 diabetes may lead to much more destruction than 
type 2 diabetes, which is normally acquired during middle-age.  Oliver 
and Tervonen

[23]
 stated that, in addition to periodontitis, type 2 diabetes is 

related to other complications in the oral cavity including tooth decay, 
dry mouth, fungal infections, as well as oral and peripheral neuropathies.  
The incidence of tooth loss is 15% higher in type 2 diabetic subjects 
compared to healthy controls. It has been suggested that this difference 
can be accounted for alveolar bone resorption, loss of attachment of the 
periodontal ligament to the cementum, and alterations in the structure and 
thickness of the cementum layer.  The work of El-Bialy et al.[24]

 
unequivocally supports our suggestions concerning stronger defects in 
type 1 diabetes mellitus (DM).  They found a decreased skeletal 
maturation and cephalometric measurements in diabetic patients.  Their 
results may possibly be transferable to dental cementum, since bone 
tissue and cementum show similarities in their development and function 
as mineralized tissues.  

In this study, a remarkable decrease in calcium and an increase in 
sulfur contents in diabetics than control were found.  Other elements 
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including F, Na, Mg, P, Cl, were also analyzed. No statistic difference 
was observed in relative content of these elements between diabetic and 
control.  These results are consistent with the report conducted by 
Yurong, et al.[25]

  

Our findings support the hypothesis that a decrease of calcium levels 

in the blood or diminished calcium incorporation into the cementum 

caused by reduced cellular activity of the cementoblast may be directly 

responsible for the cemental defects in diabetic patients.  This is in 

accordance with Balint et al.[26]
 who demonstrated that a glucose 

concentration similar to those observed in patients with poorly controlled 

diabetes causes significant inhibition of osteoblastic calcium deposition.  

The recent investigation of Gunczler et al.[27]
 also referred to a 

decreased bone mineral density and bone formation markers shortly after 

diagnosis of clinical type 1 DM.  It’s believed that significant loss of 

calcium accounts for the marked destruction in cemental layers of 

diabetic patients.  Sulfur exists in many substances that are essential to 

bone metabolism
[28]

  Therefore, obvious increase of sulfur in the current 

study probably contributed to diabetic changes in the cemental tissue in 

accordance with Yurong, et al.[25]
, who found an increase of sulfur 

component in bone of diabetic patients.  In this study a significant 

increase in the sulfur content in type 1 diabetic patients was found.  This 

is in agreement with Kodaka and Debari
[29] 

as they reported that high 

sulfur and inorganic sulfate as a result of hyperglycemia.  There is no 

physical explanation for an increasing sulfur value in our research, but it 

could be due to an increased sulfur concentration in serum leading to its 

precipitation in bone and cementum.  However, elemental analysis in the 

cementum of diabetic patients has not been previously evaluated and this 

research may be considered as a first study concerned regarding this 

point.  

Further investigations on a large number of samples would be 

necessary to clarify the role of elemental changes in diabetic cemental 

destruction and to confirm this finding.   

Conclusion 

Our study concluded that the severe destruction of root cementum 

surface, and the significant decrease in the calcium contents of the 

cementum of diabetic patients with periodontitis, may play an essential 
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role of tooth looseness in diabetic patients, moreover, will assist to clarify 

the mechanism of periodontal destruction in diabetic patients. 

Acknowledgments 

The research group acknowledges, with thanks, the Electron 

Microscopy Unit, Department of Biological Sciences, Faculty of Science, 

King Abdulaziz University (KAU), which assisted us during this 

research.  Our sincere thanks go to Dr. Mohamed El-Sehemy, professor 

of oral surgery (KAU) for his support and assistance during this work.  

Finally, special thanks go to Dr. Adel Abdel-Azim, professor of oral 

pathology (KAU) for his valuable reviewing and editing of the research 

manuscript. 

References 

[1] Nelson RG, Schlossman M, Budding LM, Pettitt DJ, Saad MF, Genco RJ, Knowler 

WC. Periodontal disease and NIDDM in Pima Indians. Diabetes Care 1990; 13(8):  836-

840. 

[2] Schlossman M, Knowler WC, Pettitt DJ, Genco RJ. Type 2 diabetes mellitus and 

periodontal disease. J Am Dent Assoc  1990; 121(4):  532-536. 

[3] Emrich LJ, Shlossman M, Genco RJ. Periodontal disease in non-insulin-dependent 

diabetes mellitus.  J Periodontol  1991; 62(2):  123-131. 

[4] Fontana G, Lapolla A, Sanzari M, Piva E, Mussap M, De Toni S, Plebani M, Fusetti F, 

Fedele D. An immunological evaluation of type II diabetic patients with periodontal 

disease. J Diabetes Complications  1999; 13(1):  23-30. 

[5] Götz W, Heinen M, Lossdörfer S, Jäger A. Immunohistochemical localization of 

components of the insulin-like growth factor system in human permanent teeth. Arch Oral 

Biol  2006; 51(5):  387-395.  

[6] Sanguedolce MV, Capo C, Bouhamdan M, Bongrand P, Huang CK, Mege JL. 

Zymosan-induced tyrosine phosphorylations in human monocytes. Role of protein kinase 

C. J Immunol  1993; 151(1):  405-414. 

[7] Sano T, Matsuura T, Ozaki K, Narama I. Dental caries and caries-related periodontitis in 

type 2 diabetic mice. Vet Pathol  2011; 48(2):  506-512. 

[8] Marlow NM, Slate EH, Bandyopadhyay D, Fernandes JK, Salinas CF. An evaluation 

of serum albumin, root caries, and other covariates in Gullah African Americans with type-

2 diabetes. Community Dent Oral Epidemiol  2011; 39(2):  186-192.  

[9] Okte E, Unsal B, Bal B, Erdemli E, Akbay A. Histological assessment of root cementum 

at periodontally healthy and diseased human teeth. J Oral Sci 1999; 41(4):  177-180. 

[10] Isao I, Shigeru O, Joichiro H, Shinichi A. Cervical cemental tears in older patients with 

adult periodontitis. Case Reports J Periodontol Res  1996; 67(1):  15-20. 

[11] Selvig KA, Hals E. Periodontally diseased cementum studied by correlated 

microradiography, electron probe analysis and electron microscopy. J Periodontal Res 

1977; 12(6):  419-429.    



S.O. Amro et al. 80

[12] Neiders ME, Eick JD, Miller WA, Leitner JW. Electron probe microanalysis of 

cementum and underlying dentin in young permanent teeth. J Dent Res  1972; 51(1):  122-

130. 

[13] Hals E, Selvig KA. Correlated electron probe microanalysis and microradiography of 

carious and normal dental cementum.  Caries Res  1977; 11(1):  62-75. 

[14] Cohen GJ, Ringle RD, Hanes PJ, Thompson WO. Calcium and phosphorous content of 

roots exposed to the oral environment. J Clin Periodontol 1992; 19(4):  268-273. 

[15] Barton NS, van Swol RL.  Periodontally diseased vs. normal roots as evaluated by 

scanning electron microscopy and electron probe analysis. J Periodontol  1987;  58(9):  

634-638. 

[16] Teriko R, Peter P, Ali D. Physical properties of root cementum: Part 4. Quantitative 

analysis of the mineral composition of human premolar cementum. Am J Orthod  

Dentofacial Orthop 2005; 127(2):  177-185. 

[17] Masloub SM, Abdel-Azim AM, Abd Elhamid ES. CD10 and osteopontin expression in 

dentigerous cyst and ameloblastoma.  Diagn Pathol  2011; 6:  44.  

[18] Slakeski N, Cleal SM, Reynolds EC. Characterization of a Porphyromonas gingivalis 

gene prtR that encodes an arginine-specific thiol proteinase and multiple adhesins.  

Biochem Biophys Res Commun  1996; 224(3):  605-610.  

[19] Adriaens PA, DeBoever JA, Loesch WJ. Bacterial invasion in root cementum and 

radicular dentin of periodontaliy diseased teeth in humans: a reservoir of periodontopathic 

bacteria. J Periodontol 1988; 59(4):  222-230. 

[20] Daly CG, Seymour GJ, Kieser JB, Corbet EF. Histological assessment of periodontally 

involved cementum. J Clin Periodontol 1982; 9 (3):  266-274. 

[21] Eide B, Lie T, Selvig KA.  Surface coatings on dental cementum incident to periodontal 

disease. I. A scanning electron microscopic study. J Clin Periodontol  1983; 10(2): 157-

171. 

[22] Atar M, Atar-zwillenberg DR, Verry P, Spornitz UM. Defective enamel ultrastructure in 

diabetic rodents. Int J Paediatr Dent  2004; 14(4):  301-307. 

[23] Oliver RC, Tervonen T. Diabetes--a risk factor for periodontitis in adults? J Periodontol  

1994; 65(5 Suppl):  530-538. 

[24] El-Bialy T, Aboul-Azm SF, El Sakhawy M. Study of craniofacial morphology and 

skeletal maturation in juvenile diabetics (type I). Am J Orthod Dentofacial Orthop 2000; 

118(2):  189-195. 

[25] Yurong F, Min Zhang Li, Yuying H, Wei He, Wenjun D, Jianhong Y.  Elemental 

analysis in femur of diabetic osteoporosis model by SRXRF microprobe.  Micron 2007; 

38(6):  637-642. 

[26] Balint E, Szabo P, Marshall CF, Sprague SM. Glucose induced inhibition of in vitro 

bone mineralization. Bone  2001; 28(1):  21-28. 

[27] Gunczler P, Lanes R, Paoli M, Martinis R, Villaroel O, Weisinger JR. Decreased bone 

mineral density and bone formation markers shortly after diagnosis of clinical type 1 

diabetes mellitus. J Pediatr Endocrinol Metab  2001; 14(5):  525-528. 

[28] Cool SM, Nurcombe V. The osteoblast-heparin sulfate axis: control of the bone cell 

lineage. Int J Biochem Cell Biol 2005; 37(9):  1739-1745. 

[29] Kodaka T, Debari K. Scanning electron microscopy and energy-dispersive X-ray 

microanalysis studies of afibrillar cementum and cementicle-like structures in human teeth. 

J Electron Microsc 2002; 51(5):  327-335.  



Ultrastructure and Microanalysis of Root Cementum in Diabetic Patients… 81

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

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

 	%�����  

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

  

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

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

��������� ���� ���	�  

���  �  ������� �������������  

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

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

'-�5����. � '���
�� 6�� �7 �
0����)���  8���� � '���+�� .������ %��/��
�-�������� 2	����+9 :�0��39 ���� ���/��� "!��+��� ���� 2 	 �������;�� 

�!����+� ��������! "!#� $!����� ���� �������� 	�
���2  ����< �/������� ���� 
��-!
=�����!�*� �)���� .=�5����9  
!���*! ����� '������
�� 6����� .>������ =��
���+�

'��?�!�� ���� �!���* ()��� �������#  
������������ ���;��2  '������� ����

	������+#� . ������� �����+��&�� �����7 ?!������� ������50�� 
!����*! %������* ������
�������#� ()����� '�����
&���2 �!���������� '���+�02 @�������� ����;�� 
����� 2

 :����0 !����� ������!"!#� $!������ ����� .�������� ������ ����� (��������!2  ��

1(�� ()��� 
�
�3�� ���
���  �!��*�����#� ���A� '���+������ %��/�� �

�-������2  	� �
�&��� '��� ��50�B� 2 	 8+!+0� �!������� �+�� 2



S.O. Amro et al. 82

 8�!
 %&�� 
- 8����9 �� �� C&; ����#� 
��  �;��@�����2  	 8;�9� 

 C!����� ���
���� '�����D 1����;!� ������ 
�������������E� '������
�� '*�����#� 

��
��.  
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Right
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


