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Abstract 
Orthodontically induced root resorption is an irreversible process that can have medical, ethical and legal implications. Aim: The objective 
of this research was to identify morphological risk factors, in order to prevent it. Material and Methods: We realized a retrospective study on 
50 patients and made correlation between the prevalence and gravity of radiological identified root resorption and multiple biological and 
anatomical features. Results and Conclusions: We found that, when removable orthodontic appliances were used, there were not found 
root resorption (0%), and in cases in which fixed appliances were used, the root resorption was found, and it generally presented a high 
prevalence (96%) and low severity. Prevalence of root resorption is influenced by the sex and age of the patients (is greater for males than 
for females and higher in older patients). Topographically, differences were found in prevalence of root resorption (79.33% in mandibullary 
frontal teeth and 74% in the maxillary ones). The highest prevalence of root resorption was found in the lower central incisor (86%). 
Prevalence of root resorption is higher when there are alterations of the normal anatomy (facial hypo- or hyperdivergence, Angle class II 
and III malocclusion, angulated roots). Some anatomical aspects may present a fact of prevision of the appearance of root resorption 
within the orthodontic treatment. 
Keywords: root resorption, orthodontics, morphology, risk factor. 

 Introduction 

External root resorption can be defined as the 
process in which hard tissue (cement and dentin) is lost 
from the root of a tooth. When it occurs in permanent 
teeth, it is considered a pathological process that can be 
correlated with trauma, ectopically erupted teeth, 
inflammatory infection of periapical tissues, tumors and 
others [1–3]. After orthodontic treatment, root 
resorption can be encountered, and usually in these 
cases it is seen as a biological response to forces action, 
a secondary effect or iatrogenic consequence. Some 
researchers consider that after orthodontic treatment its 
prevalence is 100%, which can be evidenced by 
microscopic analysis [1, 4]. Its presence can be a 
problem from the medical (treatment quality), ethical 
and legal point of view [5]. 

Usually the amount of orthodontically induced root 
resorption is very low and has almost no long-term 
implications, especially if we consider the benefits of 
the treatment for the dento-maxillary apparatus, for the 
patient’s health and quality of life. Most frequently, it is 
found in the apical area of the roots, because 
orthodontical forces are concentrated there. Also, the 

apical tooth structure present cellular cement, that is less 
mineralized, more friable and easy to be injured [6]. 
Morphopathological investigations show a hyalinization 
or aseptic necrosis of periodontal ligaments [7–9]. In the 
first stages appear some lacunas that give an irregular 
contour to the root apex on radiographs. In more 
advanced phases, it will come to a surrounding apical 
root resorption, accompanied by tooth shortening [2]. 
Severe root resorption (more than 1/4 of root length or 
more than 5 mm) is rare, with prevalence between 1–5% 
[10]. When this occurs, it has a negative effect on tooth 
implantation and it contributes to a bad long-term 
prognosis of the tooth. 

Root resorption is an inconstant phenomenon, in 
which take part several biological factors (individual 
susceptibility, systemic and genetic factors, habits, 
anomalies of position, and number of the teeth, alveolar 
bone density etc.), and mechanical factors, correlated 
with the orthodontic appliances (type of the appliance, 
presence of tooth extraction, type of tooth movement, 
some orthodontic forces characteristics like size, 
continuity, direction, etc.) [6]. 

The objective of this research was to identify risk 
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factors for orthodontically induced root resorption.  
In order to do that, we made a retrospective study in 
which we wanted to see if there was any correlation 
between morphological features and root resorption. 
Some anatomical and biological factors were taken into 
consideration (age, sex, facial, occlusal and dental 
particularities), and they were analyzed in correlation 
with the type of orthodontic treatment (fixed or 
removable appliance). Taking into consideration that the 
best way of treating a disease is preventing it, we 
consider important to accurately evaluate the patient for 
the risk of root resorption before actually begin the 
orthodontic treatment.  

 Material and Methods 

We realized a retrospective study in order to make 
correlations between the presence of orthodontically 
induced root resorption and some morphological 
features, supposed to be risk factors.  

The study group consisted of 50 patients (10 males; 
40 females; average age 12 years) orthodontically 
treated in the Department of Orthodontics, Faculty of 
Dental Medicine, “Carol Davila” University of Medicine 
and Pharmacy, Bucharest, between 2004–2008 (the 
average time of wearing the orthodontic appliance was 
28 months). We included an equal number of individuals 
wearing removable (n = 25; eight men and 17 women; 
average age nine years), and fixed appliances (n = 25; 
two men and 23 women; average age 15 years). 

The inclusion criteria were: 
▪ both dental arches had to have an orthodontic 

appliance; 
▪ the patient records had to include the initial 

situation (anamnesis, clinical examination, diagnostic 
photographs, cephalometric and panoramic radiography, 
study casts), treatment plan and everything what was 
done till the second radiograph was made; 

▪ for each patient there had to be two panoramic 
radiographs, made at an interval of time larger than  
12 months and at the same radiological clinic. 

The exclusion criteria were: 
▪ patients treated with both types of orthodontic 

appliances (fixed and removable); 
▪ patients with orthognatic surgery; 
▪ teeth which presented, between the two radio-

graphs were made, some alteration that may have a role 
in the mechanism of root resorption (trauma, periapical 
infections, endodontic treatment, replantation, etc.). 

For each group of patients (with fixed and 
removable appliances) there were registered the data 
presented in Figure 1. 

 
Figure 1 – Data registered for each patient. 

The data regarding the type of orthodontic 
appliance, gender and age were taken from the patients 

records. Facial divergence was estimated by measuring 
the FMA angle on the cephalometric radiograph.  
For values less then 22, we considered the patient as 
hypodivergent, for values between 22 and 28 normo-
divergent and for values greater than 28 hyperdivergent. 
Angle Class of malocclusion was evaluated after 
studying the initial study casts.  

The severity of malocclusion was evaluated using 
the Index of Orthodontic Treatment Need (IOTN) [11].  
For each tooth, we registered the topography (maxillary 
or mandibullary central or lateral incisor and canine). 
Apical morphology was evaluated using the initial 
panoramic X-ray. For each tooth was identified one of 
the following shapes: normal, blunt, angulated, narrow. 
For establishing the presence and severity of root 
resorption two panoramic X-ray from the same patient 
were analyzed. The image of the teeth was analyzed 
using negatoscope and digital macrophotography 
(Figure 2).  

 
Figure 2 – Radiographic image of teeth presenting 
root resorption. 

The investigated aspects were: changes in apical 
outline (irregular contour or flattened shape) and tooth 
shortening. For confirmation and quantitative evaluation 
of root resorption, measures on the panoramic 
radiographs were made, values being registered in 
[mm]. In order to correct the vertical deformations 
between the two X-rays the formula proposed by Linge 
and Linge was used (Figure 3) [10].  

 
Figure 3 – The formula proposed by Linge and Linge 
for quantitative evaluation of root resorption. 

For the evaluation of the severity of root, resorption 
the Shape et al. index (1987) was used (Figure 4) [12].  

 
Figure 4 – Shape et al. Index (1987). 
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In order to use this scoring system we calculate the 
value of [RRE/(TL1–C1)]. To evaluate the severity of 
root resorption for each patient we used the system 
presented in Table 1. 

Table 1 – The system used for scoring the severity of 
root resorption for each patient 
Values of Shape et al. index for all 

patient’s tooth 
Severity of the 

case 
0 0 

0,1 1 
0,1,2 2 

0,1,2,3 3 

All data were entered and processed in Microsoft 
Excel.  

 Results 

Root resorption in different types of 
orthodontic appliances (fixed and removable) 

Out of the 50 patients studied, at the 25 treated with 
removable appliances no root resorption was identified 
in any of the cases (n = 0) and at any tooth (n = 0).  
As for the 25 patients treated orthodontically with fixed 
appliances, root resorption was radiologically identified 
in 96% (n = 24) of the cases. In the 300 tooth examined, 
root resorption was noticed at 76.7% (n = 230) of them. 

Due to these first results obtained, from this stage, 
only the data present at the patients treated with fixed 
orthodontic appliance was taken into consideration 
when root resorption was analyzed, considering general 
and anatomical aspects.  

Differences according to the patient’s age 
The patients older than 12 (n = 23) had root 

resorption with all degrees of severity. Fifty percents of 
the patients younger than 12 did not have root 
resorption, and the others had root resorption of less 
severity (1st grade). 

Differences according to the gender 
All male patients (n = 2) had root resorption of  

2nd degree. Female patients had root resorption at 
95.65% (n = 22) of the cases, this being of various 
severity (1st, 2nd and 3rd degree). 

The severity of root resorption 

Out of the 25 patients treated with fixed orthodontic 
appliances, root resorption was not identified 
radiologically only at a single patient (4%). The 2nd 
degree of severity was the most frequent. Out of the  
300 teeth examined, the most frequent was root 
resorption 1st Shape degree (50%), and the rarest  

3rd grade (1%) (Table 2). 
Table 2 – The degree of severity of root resorption at 
the patients treated with fixed orthodontic appliances 

Patients presenting 
root resorption 

Teeth presenting 
root resorption Severity of root 

resorption N % N % 
0   1   4   70 23 
1   3 12 150 50 
2 18 72   77 26 
3   3 12     3   1 

Correlations between Angle classes and 
root resorption 

After analyzing, the obtained data we realized that 
root resorption is present in all three Angle classes.  
The most severe root resorption, 3rd degree, was found 
only in patients of class II and III Angle. All the patients 
with Angle class III malocclusion had very high degree 
of seriousness (2nd and 3rd) of root resorption. 

Correlations between facial divergences an 
root resorption 

The prevalence of root resorption at the patients with 
normal facial divergence was lower (93.33%) than at 
those with modified facial divergence, meaning hypo- 
and hyperdivergent (100%). All the hypo- and hyper-
divergent patients had high degrees of root resorption 
(2nd and 3rd) unlike those normal divergent, where  
3rd degree was not found at all and 2nd degree at a rate of 
33.34% (Table 3). 

Table 3 – Root resorption and facial divergences 
Patients 

Normodivergent Hypodivergent HyperdivergentRoot  
resorption N % N % N % 

0 1 16.67 0 0 0 0 
1 3 49.99 0 0 0 0 
2 2 33.34 2 66.67 14 87.5 
3 0 0 1 33.33 2 12.5 

Correlations between IOTN and root 
resorption 

Analyzing the data we got, there was not found any 
correlation between the seriousness of the anomaly, 
estimated by IOTN degrees, and root resorption 
prevalence. 

Correlations between root resorption and 
the interested tooth’s topography 

Three hundred teeth were examined, which 
correspond to the two-maxillary and mandibullary 
frontal groups (Table 4). 

Table 4 – Correlation between the severity of root resorption and the tooth’s topography 

Superior central 
incisor 

Superior lateral 
incisor 

Superior  
canine 

Lower central 
incisor 

Lower lateral 
incisor 

Lower 
canine Root 

resorption N % N % N % N % N % N % 
0 13 26 12 24 14 28 7 14 13 26 11 22 
1 27 54 22 44 24 48 19 38 26 52 32 64 
2 10 20 16 32 10 20 23 46 11 22   7 14 
3   0   0   0   0   2   4   1   2   0 0   0   0 
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The mandibullary frontal teeth showed a higher root 
resorption (79.33%; n = 119), compared to the maxillary 
ones (74%; n = 111). The highest prevalence of root 
resorption was seen in inferior central incisor (86%, 
n = 43), and the lowest in the upper canine (72%) 
(Figure 5).  

 
Figure 5 – Correlation between the prevalence of 
root resorption and tooth’s topography. 

At the maxillary frontal teeth, the highest prevalence 
of root resorption was seen at the lateral incisor, then at 
the central incisor, and the lowest at the canine. At the 
mandibullary frontal teeth, the highest prevalence of 
root resorption was present at the central incisor, then at 
the canine and lowest at the lateral incisor. Severe root 
resorption (3rd degree) was recorded at the level of 
upper canine and the lower central incisor. 

Correlations between the morphology of the 
apical third of the root and root resorption 

At the level of 37.67% (n = 113) there was recorded 
a normal form of the apical third and at the level of 
62.33% (n = 187) a modified form. 9.33% (n = 28) 
presented a flat form, 27.67% (n = 83) a narrowed form 
and 25.33% (n = 76) an angulated form. The prevalence 
of root resorption was higher at the teeth which showed 
a modified apical morphology (85.03%; n = 159) 
compared to those with normal morphology (62.83%; 
n = 71). The highest prevalence of root resorption was 
recorded when the roots were angulated, then when 
were flat, narrow and rarely when they had a normal 
morphology (Figure 6). 

 
Figure 6 – The prevalence of root resorption in 
correlation with the morphology of the apical third of 
the root. 

 Discussion 

The results suggests the existence of a direct 
dependence between the high prevalence of external 
root resorption and the type of orthodontic appliance 
used, age, presence of modified morphology of some 
structures, and the topography of some anatomical 
elements.  

When removable orthodontic appliance was used, no 
root resorption was found. When a fixed appliance was 
used, it was present in 96% of cases (77% of teeth).  
Our results are in concordance with the study of Brin I 
et al. [13]. Others, like Stuteville consider that the 
orthodontic forces which appear by using a removable 
appliance is more aggressive than those that appear 
using fixed appliance [1]. 

Regarding for the age, we found higher prevalence 
of severe root resorption in older patients. This thing is 
confirmed by other studies, which reveal that at an older 
age there is a higher risk of root resorption [14–17]. 

We found that the prevalence of root resorption is 
higher in males than in females. Nigul, Kaley, 
Sameshima and Linge found out the same thing  
[18–20]. Other studies showed a higher rate of root 
resorption in women [16, 21]. Other researchers found 
no statistically important difference between men and 
women [1]. 

In our research, the root resorption of the patients 
with fixed orthodontic appliances had a prevalence of 
96%. Other studies also reported high values [12].  
The most frequent degree of root resorption was the  
first degree (50%). This is confirmed by Linge and 
Linge who reported that the orthodontically treated  
teeth had an average of root resorption of 0.5 mm and 
by Smale I et al. who considered that root resorption at 
the level of the incisors is about 0.53 mm [1, 12].  
The most serious root resorption (3rd degree) was 
identified at 12% of the patients and 1% of the  
teeth. The data provided by the literature is between  
1–5%, but the way of placing the patients in severity 
classes differs [6, 10]. 

We observed that root resorption is present in  
all Angle classes, which is also confirmed by other 
studies [1]. We found higher severity in class II and III 
patients compared to class I patients. Taner T et al. 
found out that in cases with extraction, the patients  
with Angle class II have twice more root resorption 
compared to those with class I (explainable due to the 
greater difficulty of the treatment) [22]. Other authors 
also reported high values of root resorption in class II 
and III patients [13, 15]. Some authors did not  
consider that the presence of a certain Angle class of 
dental anomaly is a risk factor for root resorption  
to appear [23]. 

Studies that include correlations of facial divergency 
and IOTN with root resorption were not found.  

In our study the mandibullary frontal teeth had a 
higher prevalence of root resorption (79.33%)  
compared to the maxillary ones (74%), an aspect 
confirmed by some researchers [24]. Others authors 
found that the maxillary teeth are more affected by  
root resorption [14, 19, 25]. We found that the  
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most frequently affected tooth by root resorption was 
the lower central incisor. Majority of the studies shows 
that the maxillary laterally incisor is the most frequent 
affected tooth [1, 12, 25–27]. 

The root resorption prevalence was higher in the 
teeth with modified apical morphology (85.03%), 
compared to those with normal morphology (62.83%). 
Thongudomporn and Freer also found the same thing in 
a study on 1600 teeth, by Lee, Sameshima and other 
authors [19, 23, 28]. We found that the angulated  
roots are resorbed more frequently, underlining that  
in general, these were considered narrow, but they  
were introduced in the first category. Various authors 
present similar results using radiographs and 
experimental models [29–31]. Other authors found 
different results showing a higher prevalence of root 
resorption with roots having form of a pipette and 
narrowed [1, 14, 32, 33]. 

 Conclusions 

In cases treated with removable orthodontic 
appliances there has not been found root resorption on 
the radiographs, and in cases in which fixed appliances 
were used the root resorption was found, and generally 
presented a high prevalence and low severity. 

Prevalence of root resorption is influenced by the 
gender and age of the patients (it is greater for males 
than for females and higher in older patients). 

Topographically differences were found in 
prevalence of root resorption. Lower frontal teeth 
presented more frequent root resorption. The highest 
prevalence of root resorption was found in the lower 
central incisor.  

Prevalence of root resorption is higher when there 
are alterations of the normal anatomy (facial hypo- or 
hyperdivergence, Angle class II and III malocclusion, 
angulated roots). 

Some anatomical aspects may represent a fact of 
prevision of the appearance of root resorption within the 
orthodontic treatment. 

References 
[1] BREZNIAK N., WASSERSTEIN A., Root resorption after 

orthodontic treatment: Part 2. Literature review, Am J 
Orthod Dentofacial Orthop, 1993, 103(2):138–146. 

[2] HARTSFIELD J. K. JR., EVERETT E. T., AL-QAWASMI R. A., 
Genetic factors in external apical root resorption and 
orthodontic treatment, Crit Rev Oral Biol Med, 2004, 
15(2):115–122. 

[3] BREZNIAK N., WASSERSTEIN A., Orthodontically induced 
inflammatory root resorption. Part II: The clinical aspects, 
Angle Orthod, 2002, 72(2):180–184. 

[4] KVAM E., Scanning electron microscopy of organic 
structures on the root surface of human teeth, Scand J  
Dent Res, 1972, 80(4):297–306. 

[5] GRABER T. M., ELIADES T., ATHANASIOU A. E., Risk 
management in orthodontics: experts’ guide to malpractice, 
Quintessence Publishing Co., Inc., 2004, 47–59. 

[6] LOPATIENE K., DUMBRAVAITE A., Risk factors of root 
resorption after orthodontic treatment, Stomatologija, 2008, 
10(3):89–95. 

[7] RYGH P., Orthodontic root resorption studied by electron 
microscopy, Angle Orthod, 1977, 47(1):1–16. 

[8] REITAN K., Initial tissue behavior during apical root 
resorption, Angle Orthod, 1974, 44(1):68–82. 

[9] KUROL J., OWMAN-MOLL P., Hyalinization and root resorption 
during early orthodontic tooth movement in adolescents, 
Angle Orthod, 1998, 68(2):161–165. 

[10] NIGUL K., JAGOMÄGI T., Factors related to apical root 
resorption of maxillary incisors in orthodontic patients, 
Stomatologija, 2006, 8(3):76–79. 

[11] PROFITT W. R., FIELDS H. W. JR., SARVER D. M. (eds), 
Contemporary Orthodontics, 4th edition, Elsevier Health 
Sciences, 2007, 18–19. 

[12] SMALE I., ARTUN J., BEHBEHANI F., DOPPEL D., VAN’T HOF M., 
KUIJPERS-JAGTMAN A. M., Apical root resorption 6 months 
after initiation of fixed orthodontic appliance therapy,  
Am J Orthod Dentofacial Orthop, 2005, 128(1):57–67. 

[13] BRIN I., TULLOCH J. F., KOROLUK L., PHILIPS C.,  
External apical root resorption in Class II malocclusion:  
a retrospective review of 1- versus 2-phase treatment,  
Am J Orthod Dentofacial Orthop, 2003, 124(2):151–156. 

[14] TRAVESS H., ROBERTS-HARRY D., SANDY J., Orthodontics. 
Part 6: Risks in orthodontic treatment, Br Dent J, 2004, 
196(2):71–77. 

[15] LUTHER F., DOMINGUEZ-GONZALEZ S., FAYLE S. A., 
Teamwork in orthodontics: limiting the risks of root 
resorption, Br Dent J, 2005, 198(7):407–411. 

[16] LINGE B. O., LINGE L., Apical root resorption in upper 
anterior teeth, Eur J Orthod, 1983, 5(3):173–183. 

[17] MIRABELLA A. D., ARTUN J., Prevalence and severity of 
apical root resorption of maxillary anterior teeth in adult 
orthodontic patients, Eur J Orthod, 1995, 17(2):93–99. 

[18] KALEY J., PHILLIPS C., Factors related to root resorption in 
edgewise practice, Angle Orthod, 1991, 61(2):125–132. 

[19] SAMESHIMA G. T., SINCLAIR P. M., Predicting and preventing 
root resorption: Part I. Diagnostic factors, Am J Orthod 
Dentofacial Orthop, 2001, 119(5):505–510. 

[20] LINGE L., LINGE B. O., Patients characteristics and treatment 
variables associated with apical root resorption during 
orthodontic treatment, Am J Orthod Dentofacial Orthop, 
1991, 99(1):35–43. 

[21] LEVANDER E., MALMGREN O., Evaluation of the risk of root 
resorption during orthodontic treatment: a study of upper 
incisors, Eur J Orthod, 1988, 10(1):30–38. 

[22] TANER T., CIĞER S., SENÇIFT Y., Evaluation of apical root 
resorption following extraction therapy in subjects with 
Class I and Class II malocclusions, Eur J Orthod, 1999, 
21(5):491–496. 

[23] LEE R. Y., ARTUN J., ALONZO T. A., Are dental anomalies 
risk factors for apical root resorption in orthodontic 
patients?, Am J Orthod Dentofacial Orthop, 1999, 
116(2):187–195. 

[24] BREZNIAK N., GOREN S., ZOIZNER R., DINBAR A., ARAD A., 
WASSERSTEIN A., HELLER M., A comparison of three 
methods to accurately measure root length, Angle Orthod, 
2004, 74(6):786–791. 

[25] APAJALAHTI S., PELTOLA J. S., Apical root resorption after 
orthodontic treatment – a retrospective study, Eur J Orthod, 
2007, 29(4):408–412. 

[26] ROBERTS-HARRY D., SANDY J., Orthodontics. Part 11: 
Orthodontic tooth movement, Br Dent J, 2004,  
196(7):391–394; quiz 426. 

[27] BREZNIAK N., WASSERSTEIN A., Root resorption after 
orthodontic treatment: Part 1. Literature review, Am J 
Orthod Dentofacial Orthop, 1993, 103(1):62–66. 

[28] THONGUDOMPORN U., FREER T. J., Anomalous dental 
morphology and root resorption during orthodontic 
treatment: a pilot study, Aust Orthod J, 1998,  
15(3):162–167. 

[29] MIRABELLA A. D., ARTUN J., Risk factors for apical  
root resorption of maxillary anterior teeth in adult 
orthodontic patients, Am J Orthod Dentofacial Orthop, 
1995, 108(1):48–55. 

[30] SAMESHIMA G. T., SINCLAIR P. M., Prediction and prevention 
root resorption: Part II. Treatment factors, Am J Orthod 
Dentofacial Orthop, 2001, 119(5):511–515. 

[31] OYAMA K., MOTOYOSHI M., HIRABAYASHI M., HOSOI K., 
SHIMIZU N., Effects of root morphology on stress distribution 
at the root apex, Eur J Orthod, 2007, 29(2):113–117. 



Cristina Teodora Preoteasa et al. 

 

262 

[32] SAMESHIMA G. T., SINCLAIR P. M., Characteristics of patients 
with severe root resorption, Orthod Craniofac Res, 2004, 
7(2):108–114. 

[33] KOOK Y. A., PARK S., SAMESHIMA G. T., Peg-shaped and 
small lateral incisors not at higher risk for root resorption, 
Am J Orthod Dentofacial Orthop, 2003, 123(3):253–258. 

 
 
 
 
 
 
Corresponding author 
Cristina Teodora Preoteasa, Junior Assistant, MD, PhD candidate, Department of Oral Diagnosis and 
Ergonomics, “Carol Davila” University of Medicine and Pharmacy, 37 Dionisie Lupu Street, 020021 Bucharest, 
Romania; Phone +40745–159 036, e-mail: dr_elena_preoteasa@yahoo.com 
 
 
 
 
 
 
Received: March 2nd, 2009 

Accepted: April 25th, 2009 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


